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Recent Advances in Intensive Therapy—1 


Edited by I. McA, Ledingham 





272 pages 35 black and white line and 29 black and white halftone illustrations  £10-00 


The practice of intensive therapy has emerged only within the past decade but its growth rate in these 
early years has been dramatic. Not only has its influence spread extensively to involve most progressive 


medical centres but in recent times it has begun to generate its own specialised research techniques, 


procedures and thinking. 


Some of the more notable achievements of the past decade are included in this volume. Each chapter has 
been written by an acknowledged expert. 

The text will prove of immense value to all who are involved in the care of the acutely ill whether in the 
Intensive Therapy Unit, the general ward, or in transit to the hospital. 


Farquharson's Textbook of Operative Surgery . 


Edited by R. F. Rintoul 


Sixth edition 976 pages 1049 illustrations £20-00 
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described and illustrated in detail. 


Each section of the book contains a brief review of the surgical anatomy of the region, indications 
for operation, choice of procedure and pre- and postoperative treatment. 


The text of this edition has been revised extensively to bring it into line with modern surgical practice. 
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Edinburgh EH4 3TL 
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THE STRUVA —anti-embolism stocking bandage 


Available in two compression strengths: NORMAL—for pre- and postoperative use 
FORTE—for the ambulatory patient 


Further details and catalogue from the sole U.K. agents: 


S.T.D. PHARMACEUTICAL PRODUCTS LTD. 


6 & 7 BROAD STREET, HEREFORD. 








The new breed of major 
surgery light 
the Challenge 22 


The Challenge 22 represents a major step 
forward in the provision of ultra-cool. high 
intensity illumination for deep cavity surgery 


Unique dichroic optics ensure ultra-cool! 
illumination, colour corrected to 4400°K 


Variable intensity up to 7650 ft candles 


Send your à) 1 omall, medium or large light pattern at the 
cofour leaflet to: flick of a lever 


, Sterilisable central adjustment handle 
Totally enciosed mechanism for greater 


v. Name hygiene and better appearance 
" Address Compatible with most existing mountings 
: l Single, double, central-hub or track mounting 

? 


Long life, quick change tungsten-halogen lamp 


MEDISCO EQUIPMENT LIMITED 


52-54 PEASCOD ST WINDSOR BERKSHIRE (075 35) 67514 & 69758 
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safe and simple way. 


Electronic Gaiters 
Self-contained. 


Result—they are a simple, safe and 
effective weapon in the fight against Deep 
Vein Thrombosis —a major cause of post 
operative complications and death. 

D.V.T. can be prevented or dramatically 
reduced without the need for drug therapy 
by maintaining the venous flow in the calf 
muscle of the anaesthetized patient 
during surgery. 

The application of the Powley-Doran Leg 
Gaiter provides a controlled electrical 
stimulation to the gastrocnemius soleus 
calf muscle 'pump' which has been shown 
to provide a convenient method of 
preventing venous stasis thus reducing 
or eliminating deep vein thrombosis. 


|.] Battery Operated 

LJ No trailing wires or tubes 

[.] Adjustable output 

L] Separate independent unit for each leg 
L] Simple and rapid attachment to patients 
[.] Adjustable for all sizes of patients 

L] Completely Self Contained 
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Downs Surgical MJ 


—simply the best 


To Downs Surgical Limited 
Church Path, Mitcham, Surrey 2 
CR4 3UE, England. . 


Please send me details of 
Powley-Doran Electronic Gaiters ' 
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Review article 


Day care and short stay surgery for hernia 


C. V. RUCKLEY* 


SUMMARY 

The duration of postoperative stay has been falling in 
recent years as more conditions are considered suitable 
for outpatient care. The introduction of short stay 
surgery not only relieves hospital waiting lists but also 
represents an economic advantage and has certain 
social benefits for the patient. 

The treatment of more patients as day cases reallocates 
the workload, putting increased responsibility on to 
outpatient clinics and general practitioner and com- 
munity services. It also demands careful consideration 
of in-hospital operative and anaesthetic techniques to 
speed recovery and minimize complications. 


For more than a century it has been customary to 
admit patients to hospital for all but the most trivial of 
surgical operations. The roots of our preoccupation 
with hospital care have been outlined by Kemp (1969). 
When many of our large municipal and voluntary 
hospitals were built the living conditions of most 
people were very poor. Urban industrial concentration 
made the social needs more obvious. Therefore, 
hospitals were designed to provide not only medical 
care, but the shelter, warmth, nutrition and hygiene 
often unavailable in the home. 

Even today it is not uncommon for patients to 
remain in hospital until they are self-sufficient, 
ambulant and with their sutures removed. Care in the 
early postoperative period has not been regarded as 
within the province of the general practitioner or 
district nurse. High complication rates for anaesthesia 
and surgery may, at one time, have given good grounds 
for such cautious policies, especially when compre- 
hensive health care in the community was not 
available. Increasingly, these factors no longer apply. 
Furthermore, the benefits of early mobilization and 
of self-help after operation are now well appreciated. 

Consequently, in recent years the average duration 
of postoperative stay in general surgical units has 
fallen steadily and the range of conditions considered 
suitable for outpatient care has risen. Not all surgeons 
accept these trends. Short stay and day surgery if 
applied indiscriminately, they argue, could result 
in poorer standards. Fortunately, many who have 
experimented with alternative systems of surgical 
care have acknowledged the need to appraise their 
work carefully, perceiving that those who seek to 
economize in the use of hospital resources must be 
able to rebutt charges of causing unnecessary distress, 
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inconvenience or hazard to patients. Some authors 
have gone further and shown positive medical, social 
and economic benefits. 

The repair of uncomplicated inguinal hernia is a 
good example of an operation which is at the border- 
line between inpatient and outpatient care. Unlike, 
for example, varicose vein surgery, operations for 
hernia vary comparatively little in technique and 
severity. Differences in outcome stem more from the 
age or general health of the patient than from 
differences in the operation itself. It is, therefore, a 
relatively straightforward matter for surgeons to 
compare their methods of management. 

In 1967, in Scotland, the median operation- 
discharge interval (postoperative stay) after inguinal 
herniorrhaphy was 8 days with a range of 2-12 days 
(Heasman and Carstairs, 1971). In 1974, the median 
postoperative stay was still 8 days (Scottish Health 
Service, 1976). Heasman and Carstairs also noted that — 
the proportion of patients occupying a hospital bed in- 
Scotland for 3 days or more before undergoing 
herniorrhaphy averaged 10 per cent and in several 
hospitals exceeded 30 per cent. 

In paediatric practice for many years herniorrhaphy 
has been an outpatient operation (Nicoll, 1909; 
Herzfeld, 1938; Lawrie, 1964; Bergman et al., 1965; 
Othersen and Clatworthy, 1968; Atwell et al., 1973). 
In adults, by contrast, this type of care has been rare. 
Even short stay care (48 hours) has been thought | 
sufficiently adventurous to merit published accounts. 
To be fair to authors in the latter group, such accounts 
have usually been put forward with descriptions of 
particular arrangements for postoperative care such 
as special liaison between hospital and community 
services, early transfer to second-line beds or con- 
trolled clinical trials. . 

What motives have led surgeons to introduce day 
care or short stay for their patients with hernia % A 
variety of reasons has been put forward. The earliest 
account of a large series of day case herniorrhaphies 
was that of Farquharson, who, in 1955, reported on 
485 patients treated over a 5-year period in Edinburgh. 
He emphasized the therapeutic value of early ambula- 
tion, as well as the relief to the surgical waiting list, * 
Once established, he sustained this system of care 
throughout his working life. In contrast, 
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surgeons have regarded short stay schemes as 
temporary expedients simply to deal with excessive 
waiting lists (Aldridge, 1965; Chant et al, 1972). 


- Others have shared Farquharson’s view of the need to 
* make this type of care a' permanent addition to their 


* *surgical practice, emphasizing the safety and con- 


+ 


venience for the patient as well as the economic 
advantages for the health service (Peatfield, 1969; 
Ruckley et al., 1971; Doran et al., 1972). Where the 
patient is paying more directly for hospital care, the 
incentives towards prompt admission and shortening 
of the hospital stay are strong. In North America a 


number of units or even entire hotspials specialize in. 


this type of care (Iles, 1964; Reed and Ford, 1974; 
Glassow, 1976). 

In some areas surgeons have evidently been 
encouraged to embark on short stay care by the 
willingness of general practitioners to participate 
and by improvements in the quality and organization 
of nursing care in the community. The role of the 
district nurse is discussed later. 


Facilities for day surgery 

Although beds in an ordinary surgical ward can be 
used to accommodate day patients, it is more 
satisfactory for them to be cared for in a special unit. 
During the past decade, many day units have been 
opened in Britain and reports of their work are now 
appearing (Townsend, 1970; Calnan and Martin, 
1971; Berrill, 1972; Lord, 1972; Ruckley et al, 
1973; Kemp, 1975). Staffed for a 5-day week, 8 a.m. 
to 5 p.m. or thereabouts, they provide an opportunity 
to experiment with different shift systems and the 
hours are more appealing for many married nurses. 
As well as relieving staffing difficulties, encouraging 
married nurses to work on these units can be an 
advantage in an area where mature confidence and 
insight into domestic problems can allay anxieties and 
where good liaison with relatives, ambulance staff and 
community nurses is essential. 

Outpatient clinic facilities are important. The 
necessity for careful preoperative assessment has been 
emphasized by several authors (Stephens and Dudley, 
1961; Williams, 1969; Ruckley et al., 1971). It follows 
that more clinic time must be made available. Some 
surgeons have set up special screening clinics for this 
purpose. The introduction of structured case records 
and self-assessment forms, the latter completed by the 
patient at home before the clinic visit, are logical 
developments that can be very helpful in this screening 
process (Gumpel and Mason, 1974). Many of the tasks 
normally done by medical staff, such as the recording 
of a social history, blood-pressure measurements, 
venepunctures and the arrangement of various 
investigations, can usefully be undertaken by nurses 
or other appropriately trained ancillary staff in such a 
clinic. 


The operation 

n regular National Health Service inpatient practice 
the majority of herniorrhaphies are no doubt delegated 
to junior staff. Study of reported series of outpatient 


t herniorrhaphies suggests that the majority of the 


operations have been performed by the consultant 


- surgeons themselves. This has usually reflected the 


fact jhat the consultant has wished to be personally 


. responsible for the patient's treatment in an unortho- 


dox situation. The acceptability and safety of a system 
s " š 2 
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of major outpatient surgery of this type, at least in its 
early stages, may depend on the consultant's willing- 
ness to take a direct interest in the system and to 
perform or closely supervise the actual surgery. 


Anaesthesia and analgesia 

There is no general agreement as to the suitable 
anaesthetic techniques for day surgery. Farquharson 
(1955) employed local anaesthesia for his series of 485 
herniorrhaphies. Many surgeons prefer local anaes- 
thesia for inpatient hernia repair also (lles, 1964, 
Bellis, 1975; Glassow, 1976). Other methods include 
long-acting local anaesthetic (Marcain), as advocated 
by Bryce-Smith and MacIntosh (1953), epidural 
anaesthesia (Velez-Gil et al., 1975) and spinal anaes- 
thesia (Johnson, 1974). 

The majority of authors, however, appear to be 
satisfied with conventional general anaesthesia. It is 
clearly important that regimens be chosen which 
allow rapid recovery and minimal side effects. For 
example, in a recent comparison in herniorrhaphy 
patients between gas-oxygen relaxant anaesthetic with 
fentanyl analgesia and inhalation of halothane, 
nitrous oxide and oxygen, the latter group, although 
slower to arouse, made a faster and a more regular 
recovery (Simpson, 1976). Other authors have 
compared the effects of different intravenous anaes- 
thetics (Korttila et al., 1975) and ofdifferent premedica- 
tions (Korttila and Linnoila, 1974; Prescott et al., 
1976). The complications of anaesthesia, such as 
nausea and vomiting, drowsiness and headache, 
although rarely serious, can be more distressing than 
the effects of the operation itself. 

Special attention must therefore be paid to the 
choice of premedication, anaesthetic and  post- 
operative analgesia so that the transfer from hospital 
to home is as smooth as possible. In the first few hours 
after operation, the patient requires intramuscular 
analgesia such as an opiate, sufficient to cover the 
journey home. Thereafter, a supply of oral analgesic 
such as pentazocine or a mixture of aspirin and 
Nepenthe should be available. 


Postoperative supervision 

After leaving hospital how should the patient be 
supervised ? Stephens and Dudley (1961) described an 
arrangement whereby hospital surgical staff visited 
patients at home postoperatively. While this approach 
would no doubt be appreciated by patients, a system 
which relied on domicilary supervision by hospital 
staff would be unlikely to be sustained for long and 
would, in any case, be a contravention of the explicit 
transfer of responsibility to the general practice team 
which several authors have regarded as fundamental 
(Dean and Wilkinson, 1969; Hockey, 1970; Ruckley 
et al., 1971). 

It is quite striking that earlier descriptions made 
scant mention of the part played by the district nurse 
(Farquharson, 1955; Stephens and Dudley, 1961; 
Morris et al., 1968) but more recent authors have 
clearly regarded her role as of outstanding importance 
in postoperative supervision at home (Dean and 
Wilkinson, 1969; Hockey, 1970; Townsend, 1970; 
Ruckely et al., 1971). The allocation of nursing sisters 
to group general practices rather than to districts has 
probably favoured this development. Not only may the 
district nurse take initial responsibility for post- 
operative care, supported by the general practitioner, 


but she may play an important part in preparing the 
patient and relatives for the operation by a pre- 
operative home visit (Hockey, 1970, Ruckley, 1971). 
A new element is thus introduced into the range of 
work of the nurse in the community which is warmly 
welcomed since it makes better use of her training and 
brings her into contact with a patient population very 
different from her usual practice. 

The corollary to the planned transfer of responsi- 
bility to the community is an unobstructed path back 
to hospital if required. Most general practitioners 
happily accept responsibility for postoperative care if 
they know they can call on the hospital staff for advice 
or for readmission of their patient at any time. 


Communication 

Vital to cooperative systems of care is good com- 
munication. This must be more prompt and more 
thorough than is commonly the case with conventional 
inpatient care. It is emphasized by all who write on 
short stay or day surgery. 

In a well-organized system, the general practitioner 
or district nurse will often schedule their first post- 
operative visit for soon after the patient's arrival 
home. There is nothing more calculated to dampen 
the spirit of cooperation than for the doctor or nurse 
to find the home visit wasted because the operation 
was postponed or discharge deferred without the 
appropriate message having been sent. 


Complications 

In this context a complication becomes significant if 
it retards a patient's recovery more than if the patient 
had remained in hospital, if it interferes with planned 
discharge, necessitates readmission, involves the 
general practitioner or district nurse in an excessive 
workload, or causes undue distress or anxiety for the 
patient or his relatives. 

Inpatient herniorrhaphy is an operation associated 
with a low mortality. Patients included in early 
discharge or day care systems are selected carefully 
and therefore it is hardly surprising that no death has 
been reported in collected series totalling more than a 
thousand patients (Aldridge, 1965; Morris et al., 
1968; Peatfield, 1969; Doran et al., 1972; Chant et al., 
1972; Ruckley et al, 1973). The incidence of lesser 
complications varies according to the thoroughness 
of follow-up and the classification of complications. 
The commoner complications reported are wound 
infection and chest infection. In none of the reported 
series has the readmission rate exceeded 3 per cent or 
the delayed discharge rate 5 per cent. These series 
suggest that the demands on medical care post- 
operatively are not great and that general practitioners 
and the nursing services in the community have 
provided postoperative supervision to the satisfaction 
of both patients and the surgeon. Confirmation is 
necessary. This is a proper area for clinical trials, 
although few have yet been published. The metho- 
dological problems which arise when constructing 
trials of alternative systems of surgical care have been 
discussed by Adler et al. (1974). The most difficult 
task in such trials is that of costing the alternative 
methods of care. 

Morris et al. (1968) studied 185 patients in Sheffield 
after repair of inguinal hernia; 92 were discharged on 
the day after operation, 93 remained in hospital for 
5 or 6 days. A significant difference in postoperative 
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complications was not observed and the authors 
concluded that early discharge was in no way detri- 
mental to the patients’ postoperative progress and 
that it did not produce any unforeseen increase in the 
workload of the general practitioner. 

Kornhall and Olsson (1976), in Lund, compared 54 
patients who underwent outpatient herniorrhaphy 
with a similar number of age- and sex-matched 
inpatients. They detected no disadvantage in day 
care in respect of postoperative complications, but 
observed that 40 per cent of patients preferred to stay 
in hospital overnight after herniorrhaphy. 

In a controlled trial in Newcastle, Russell etal. (1977) 
compared 40 day care patients with 39 discharged on 
the fifth or sixth day after herniorrhaphy. THere was 
no significant difference between the groups in 
respect of complications or social effects. Seventeen 
of the day care group expressed a preference for 
overnight stay. There was an estimated saving of 
£20-9 per patient. 

A trial has recently been completed in Edinburgh 
in which 360 patients (76 hernia, 284 varicose veins) 
were randomly allocated to three groups: day care, 
48 hours in a convalescent hospital or 48 hours in an 
acute ward. The readmission rate was 1 per cent. The 
groups did not differ in complication rates. Analysis 
of patients’ opinions showed significant advantages 
for day care; only 10 per cent of day care patients 
would have preferred to stay overnight after operation. 
Day care was estimated to save approximately £30 
per patient in comparison with 48 hours in the acute 
ward (Ruckley et al., 1978). 

As far as late complications are concerned there is 
no reason to suppose that early mobilization and 
discharge have a deleterious effect on recurrence rates, 
in fact quite the reverse. Among the best results are 
the long term recurrence rates of 04 per cent 
reported from the Shouldice Clinic (Iles, 1964; 
Glassow, 1976). Devlin et al. (1977) have reported a 
recurrence rate of 0-8 per cent on 6-year follow-up 
after day care or 48-hour stay. 


Implications for hospital practice 

Surgical evolution, social development and economic 
pressures are all leading us in the same direction. This 
is to reserve hospital inpatient facilities for those who 
are acutely ill and in need of constant skilled medical 
and nursing care or those who are without support in 
their home environment. 

There is a price to pay for the introduction of major 
day care and short stay surgery for hernia and other 
conditions of equivalent severity—the effect on the 
workload in the outpatient clinics and the acute 
wards. Extra time is needed for patient assessment in 
clinics. If this time is not allocated, there can be no 
defence against a charge of lowered standards of care. 
Investigations which were formerly deferred until the 
patient was admitted to hospital now have to be 


completed beforehand. Since the turnover rises and, 


the proportion of major operations in the inpatient 
unit also rises, proportionately more theatre sessions 
are reguired in relation to a given number of surgical 
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beds. Relatively fit and ambulant patients disappear $ 


from the ward scene. Inpatients almost without 


exception are ill, dependent and, on average, older - 


than hitherto. Successive authors have drawn gtten- 
tion to the pressures on staff, particularly nursing 
staff (Aldridge, 1965; Doran et al., 1972; Ruckley 
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et al., 1973). Such changes have tended to be part of a 
gradual evolutionary process and therefore not 
readily amenable to accurate measurement or to 
. controlled study. There are no data on the alterations 
in dependency, workload or costs consequent on the 
introduction of these new methods of care, but it is 
apparent to those with experience of these methods 
that the introduction of day or short stay beds in a 
general surgical unit should, as a general principle, 
be a substitution for, rather than an addition to, the 
traditional type of 7-day bed in order that the staff 
hours saved at nights and weekends can be con- 
centrated in the areas where the needs are greatest. It 
could be argued that in a hospital with adequate day 
care, sHort stay, intensive care and second-line beds, 
plus satisfactory liaison with general practitioners and 
community nurses, something of the order of 10 beds 
for elective major inpatient surgery should be more 
than enough to keep a busy general surgeon fully 
extended. 

Finally successful systems of care achieved in 
purpose-built, well-staffed day or short stay units, 
situated in urban areas, where there are fully staffed 
and well-organized general practitioner and community 
nursing services, cannot necessarily be applied to other 
hospitals and other localities. But whatever the local 
circumstances, the trend towards more short stay and 
day surgery will continue. 
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Foreign body in the oesophagus: review of 2394 cases 


P. NANDI AND G. B. ONG* 


SUMMARY 

A total of 2394 patients with a foreign body in the 
oesophagus was treated in our unit between 1965 and 
1976, including 343 children in whom fish bones (146) 
and coins (134) were most commonly responsible; in 
adults, bones (fish and chicken) were commonest. Most 
of the foreign bodies were impacted in the cervical 
oesophagus. Pharyngoscopy and oesophagoscopy were 
carried out under general anaesthesia in all cases except 
those in which the foreign body was ejected spontaneously 
or when the patient refused the examination. Oeso- 
phageal perforation due to a foreign body was en- 
countered in only one child. Two patients in the series 
developed the fearsome complication of oesophago- 
aortic fistula. 


THe problem of foreign bodies in the oesophagus 
differs from that of foreign bodies further down in the 
gastrointestinal tract. The oesophagus is a rather 
passive and unadaptable organ and its peristalsis is not 
strong enough to prevent its retaining swallowed 
objects of many kinds. For the same reason, perfor- 
ation from a foreign body is more likely to occur in 
the oesophagus than in the rest of the gastrointestinal 
tract. A foreign body which has become arrested in 
the oesophagus should be removed as soon as the 
diagnosis is made for the following reasons: 

1. Once an object is impacted in the oesophagus the 
chance of spontaneous passage is small. 

2. Oedema from local trauma tends to grip the 
object more firmly making later manipulation 
increasingly difficult. 

.3. Perforation of the oesophagus is much more 
serious and dangerous than perforation of any other 
part of the gastrointestinal tract. 


Patients and methods 

Over a period of 12 years (1965-76), a total of 2394 patients 
with a history of impacted foreign body in the oesophagus was 
admitted to and treated in the Hong Kong University Surgical 
Unit. Of these, 2051 were adults (male 1056, female 995) and 
343 children (male 194, female 149). The age of the patients 
ranged from 7 months to 93 years. Most of our patients 
reported within 12 h of impaction of the foreign body (Table I). 
Bones (Fig. 1) were most commonly encountered in both 
children and adults, coins (Fig. 2) being the next most common 
(Table II). 


Clinical features (Table HI) 


The commonest complaint was pain or discomfort on swallow- . 


ing. A persistent sensation of a foreign body experienced on 
swallowing, usually referred to the back of the throat, was also 
common. Some patients noticed bloodstained saliva and a 
history of gagging and choking during meals sometimes could 
be obtained. 

Seventeen patients had fever, pain and tenderness in the 
neck on admission. Two patients complained of hoarseness 
and 2 had subcutaneous emphysema. Plain X-ray films of the 
neck showed air in the soft tissues in 8 cases (Fig. 3) and a chest 
X-ray revealed a right pneumothorax in 1 case. Gastrografin 
swallow was done in 5 cases; in 2 it demonstrated leakage of the 
medium. 


Diagnosis 
This depends on the following triad: clinical history, X-ray 
appearances and oesophagoscopy. All our patients had plain 


Table I: DURATION OF IMPACTION 


Duration No. K 
<6h 680 28:40 
«I2h 286 11-94 
24h 287 19 .— 
2-6 days 363 15-1 .— 
>] week 2 11- 
>10 days 26 1:08 
Not known 725 (C 247) * . 302 
Total 2394 

C, Children. 


Table H: TYPES OF FOREIGN BODY 





Type No. p^ 
Bone 
Fish 1434 (C 146) 59-8 
Chicken 391 16:3 
Pork 90 3:7 
Duck or goose 64 26 
Beef 7 
Other 25 
Coin 138 (C 134) 8-7 
Denture 16 
Fruit stone 18 
Glass 13 
Toothpick 10 
Wire 7 
Pin (safety and drawing) 6 
Plastic toy 5 
Button 3 
Miscellaneous 10 
Unknown 157 6.5 
Total 2394 
C, Children. 


Table HI: SYMPTOMS IN ORDER OF FREQUENCY 


Adults 
Pain or discomfort on swallowing 
Persistent sensation of foreign body on swallowing 
Bloodstained saliva 
History of gagging or choking during meals 


Children 
Refusal to take feeds 
Increased salivation 
Pain or discomfort on swallowing 
Vomiting x : 


X-rays taken of the neck and chest, in both the anteropósferior 
and lateral view. In some cases, barium or Gastrografin swallow 
or barium-impregnated cotton pledget studies were carried qut. 
These helped in excluding or locating the site of impaction of 


the foreign body, as well as determining the level of perforation *- 
$ E 


(Table IV). 


Management (Table V) 
It is our practice to carry out pharyngoscopy and oeso- 


phagoscopy as soon as possible under general anaesthesia with L 


full relaxation in all patients admitted with a history of impacted 


foreign body in the oesophagus. For this reason, we include in . 


the series those cases with foreign bodies which were found in 
the upper airway and food passages during the procedufe. 
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Fig. 1. X-ray of the neck showing a bone in the oesophagus. 





Fig. 2., X-ray of the neck showing a coin in the oesophagus. 


Ld 
One hundred and twenty-one patients discharged themselves 
e against medical advice and nothing further was heard from 
“hem. Thirty-seven patients managed to eject the foreign body 
naturally. 


, Results 
In all, 2236 patients underwent pharyngoscopy and 
oesophagoscopy. There were positive findings in 1222; 
in 844 of these foreign bodies were found, of which 843 
weree removed through the oesophagoscope. In 1 
patient (a male aged 27 years) a denture was impacted 
at the cardia and attempts at removal through the 








Fig. 3. X-ray of the neck showing a bone in the oesophagus, 
a retro-oesophageal abscess and air in the soft tissue. 


x v 


j 


Fig. 4. A Gastrografin swallow showing partial arrest of 
contrast medium in the upper thoracic oesophagus which is 
displaced to the right and backwards. 
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oesophagoscope failed. At laparotomy the denture 
was removed through a gastrostomy. In 380 patients 
oesophagoscopy showed abrasion, contusion or 
ulceration but no foreign body was found. In 18 cases 
oesophagoscopy had to be repeated; only in 3 cases 
was a foreign body found on subsequent examination 
and these 3 patients developed retro-oesophageal 
abscess due to oesophageal perforation. The abscesses 
were drained promptly and the patients soon recovered 
completely. 


Location (Table VI) 

In the majority of cases the foreign bodies were 
arrested. in the cervical oesophagus, usually im- 
mediately below the cricopharyngeus. It is probable 
that the strong propulsive pharyngeal muscles force 
an object this far and the less active oesophageal 
musculature cannot carry it further. Perhaps the 
mobile redundant mucosa of this region adds to the 
hazard. 


Complications (Table VII) 
Complications were commoner among the adults. In 
our series of 2394 cases, there was only one child (a 
girl aged 2) who developed complications. She was 
admitted with fever, pain in the neck and increased 
salivation, with a history of having swallowed a fish 
bone 2 days previously. A plain X-ray of the neck 
showed a retro-oesophageal abscess. This was drained 
through incisions on both sides of the neck and 
she completely recovered in just over a month. One 
child aspirated soon after extubation following 
oesophagoscopy and developed aspiration pneumonia. 
This was successfully treated with antibiotics. 

Twenty-one patients complained of pain persisting 
after oesophagoscopy and had slight fever. Plain 
X-rays of the neck and chest and Gastrografin 
swallows were negative. All these patients improved 
on conservative management in less than 1 week. 
There were 24 instances of serious complications 
amongst the adults. In 21 patients the condition was 
complicated by perforation of the cervical oesophagus; 
4 had reported within 6 h of swallowing the foreign 
body yet at oesophagoscopy no foreign body or 
damage to the oesophagus had been found. These 
perforations probably resulted from instrumentation. 
The remainder sought medical advice after between 1 
and 6 days later and at oesophagoscopy eithera definite 
foreign body was found or evidence was obtained 
of damage to the oesophageal wall. All these patients 
had fever, pain in the neck and dysphagia; 2 com- 
plained of hoarseness and 2 had subcutaneous 
emphysema. Plain X-rays of the neck showed air in 
the soft tissues in 8 cases (Fig. 3) and a chest X-ray 
revealed a right pneumothorax in 1 case. Pre-drainage 
Gastrografin swallow was carried out in 5 cases and 
2 examinations demonstrated leakage of the medium. 
Twenty of these late cases were treated by immediate 
drainage of the abscess by incision in the neck. They 
were given antibiotics and all except 1 was fed through 
a nasogastric tube. In 1 case a feeding gastrostomy 
was established. Seventeen patients completely re- 
covered within 2 weeks, 2 in 3 weeks and 1 required 
just over 1 month. One patient (a female aged 68 years) 
was admitted within 8 h of swallowing a chicken bone. 
Initial oesophagoscopy showed laceration of the 
oesophageal mucosa but no bone was found. She 
developed a retro-oesophageal abscess. At a second 
oesophagoscopy the abscess burst into the oesophagus. 
Afterwards, she was managed conservatively and 
recovered fully in 10 days. 

Two patients died as a result of an oesophago-aortic 
fistula. Another patient developed mediastinitis and a 
lung abscess and subsequently died. 


Case reports 

Case 1: C. M. B., a male aged 25 years, was admitted with a 
history of swallowing a foreign body whilst eating pork 1 day 
previously. At oesophagoscopy a piece of bone was removed 
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Table IV: PLAIN X-RAY FINDINGS 


No. 75 
Positive 341 14-16 
Foreign body shown > 333 (C 158) 
Gas shown 8 > 
Negative 2053 85-83 
C, Children. 


Table V: MANAGEMENT OF 2394 CASES 
No. pi 


Self-discharged 121 (A 99, C 22) 5:05 
Spontaneous ejection 37 (C 25, A 12) 1-54 
Pharyngoscopy and oesopha- : | 

goscopy 2236 93-40 
Foreign body found and re- 

moved 843(A 637, C206) 3521 
No foreign body but contusion, 

abrasion, ulceration 380 (A 375, (C 5) 15-87 
Negative oesophagoscopy 1012 42-27 
Repeat oesophagoscopy 18 (A 15, C 3) 0-75 
A, Adults; C, children. 
Table Vi: LEVEL OF OESOPHAGOSCOPY 
FINDINGS 

Site No. “A 
Tonsil 49 4-00 
Valecula 16 1-30 
Pyriform fossa 87 7:10 
Cervical oesophagus 929 75-89 
Upper thoracic oesophagus 94 7-67 
Lower oesophagus 8 0-65 
Uncertain 4l 3-34 
Total 1224 
Table VIE: COMPLICATIONS 
Nature No. 25 

Minor 21 0:87 
Serious 25 1-04 
Oesophageal perforation/abscess 

in neck 22 (A 21, C D) 0-91 
Mediastinitis and lung abscess 1 (died) 
Oesophago-aortic fistula 2 (died) 


A, Adults; C, children. 


from the upper thoracic oesophagus; no damage to the 
oesophagus was noted. He was discharged the next day. He 
was readmitted 5 days later complaining of fever and of 
passing melaena stools for 4 days. Chest X-ray showed a 
prominent aortic knuckle with displacement of the trachea to 
the right and slight compression óf the left main' bronchus. 
Gastrografin swallow showed partial arrest of the contrast 
medium in the upper thoracic oesophagus which was displaced 
to the right and backwards by a mass lying between the 
oesophagus and the trachea (Fig. 4). Exploratory thoracotomy 
was done and the patient suffered severe haematemesis during 
intubation. At thoracotomy a pulsating mass 6x4 cm was 
found behind the trachea just above the carina. This was a» 
false aneurysm due to a fistula between the oesophagus and 
aorta. The aneurysm ruptured during exploration and the 


patient died. At post-mortem a fistula between the oesophagus 
8 


and the aortic arch was found. 
Case 2: W. C. K., a male aged 37 years, gave a history of 


swallowing a chicken bone 7h before admission. Oeso- > 


phagoscopy showed a mucosal tear 30 cm posteriorly but no 


foreign body. The patient was discharged home. Six days later , 


he was readmitted with haematemesis. On admission he had a 
massive haematemesis and died. Post-mortem revealed a 
+ 


* [2 
" 
« a‘ 
* 


LM 


1 


* 


€ 
8 P. Nandi and G. B. Ong 


Table VIII: COMPARISION OF LOCATION OF 
FOREIGN BODIES IN OESOPHAGUS IN 3 
REPORTED SERIES 


Upper 
No.of Cervical thoracic Lower 
Series cases oesophagus oesophagus oesophagus 
Lerche(1911) 118 58 (49-15%)  33(2796?75 27 (22-88%) 
Hollinger 


et al. (1949) 
Present series 


604  436(721822) 118 (19-53%) 
844 


59 (82794) 
710 (84-12%) 126(14-92%) 8 (1-12%) 


Á—M 


Table IX: SITE OF PERFORATION 


Site No. 
Cervical oesophagus 22 
Upper thoracic oesophagus 3 
Lower oesophagus 0 


Table X: COMPARISON OF SITE OF PERFORATION 
IN 3 REPORTED SERIES 


Upper 
Cervical thoracic Lower 
Series No.  oesophagus oesophagus oesophagus 
Lerche (1911) 21 5 15 I 
Head (1938) 56 44 7 5 
Present series 25 22 3 0 


fistula between the oesophagus and the aorta at 30cm. A 
chicken bone 3 cm Jong was found in a haematoma around the 
fistula. 


Case 3: W.K., a 39-year-old diabetic man, swallowed a 
chicken bone 24 h before admission. At oesophagoscopy a bone 
was found in the upper thoracic oesophagus which was 
removed and he was discharged home. He was readmitted 
3 days later with pneumonic changes in the left upper lobe. 
Gastrografin swallow at this stage did not show any leakage 
and he was treated conservatively. However, a repeat Gastro- 
grafin swallow 10 days later revealed an oesophageal fistula 
into the left pleura. At thoracotomy he was found to have 
mediastinitis, an abscess of the left upper lobe and a perforation 
of the oesophagus. Oesophagostomy and gastrostomy together 
with left upper lobectomy were carried out. The mediastinum 
was also drained. A week later he had a massive haemoptysis 
and died. At post-mortem a perforation was found in the left 
main bronchus which was communicating with the mediastinal 
abscess; oesophageal perforation was still present. There was 
no fistula between the oesophagus and the aorta. This patient 
had probably bled from the abscess cavity through the bronchial 
fistula. 


Discussion 

In our series of 2394 cases of foreign body in the 
oesophagus, 2051 (85:67 per cent) were adults and 
343 (14:32 per cent) children; this differs from the 
experience of others. In Jackson's (1957) series about 
half the patients were children, while Bakara and 
Bikfiazi (1975) reported 83 per cent of their patients to 
be children. We found that bones were the commonest 
fofeign bodies in the oesophagus (about 84 per cent), 


. coins being the next most common (5-76 per cent). 


«Again, Jackson and Jackson's (1950) experience was 
different: in their series of 2316 cases, 745 (32-16 per 
cent) were bones, coins and pins constituting 832 
(35:92 per cent). In Clerf's (1940) series of 537 cases, 


! 147 (27-37 per cent) were bones and 154 (28-67 per 


cent) were coins and pins. Lerche (1911), in his series 


' of 200 cases, fourid 38 (19 per cent) bones and 66 


(33 per cent) coins and pins. Almost 100 per cent of 


' our patients were Chinese, a fish-loving people. Their 


method of eating with the aid of chopsticks may have 


* 
* * 
te 


* 
* * 


something to do with so many of them getting fish 
bones in the oesophagus. 

In this series over 80 per cent of the foreign bodies 
were found arrested in the cervical oesophagus— 
14-92 per cent in the upper thoracic oesophagus and 
only 1-12 per cent in the lower oesophagus. This is in 
marked contrast to other series (Table VHI). The rarity 
of impaction of foreign bodies in the lower oesophagus 
may be explained by the fact that none of our patients 
showed such predisposing factors as stricture 
(Richardson, 1945; Hollinger et al., 1949; Bakara 
and Bikhazi, 1975), or neuromuscular disturbance 
(myasthenia gravis) (Bakara and Bikhazi, 1975). 
Hiatus hernia, peptic stricture and achalasia of the 
cardia are uncommon in Hong Kong; also, we see 
very few cases of lye stricture of the oesophagus. 
However, carcinoma of the oesophagus is a fairly 
common disease in Hong Kong; on average, our unit 
treats about 140 cases of carcinoma of the oesophagus 
each year. Over the 12-year period covered by this 
study only 9 cases of oesophageal carcinoma presented 
with a foreign body in the oesophagus. 

Perforation of the oesophagus can occur immediately 
after a sharp object has entered the oesophagus, 
though this is unusual. In most of our 25 cases 
perforation occurred at least 24 h after impaction, and 
later in some cases. Inflammatory reaction due to the 
foreign body and associated infection must play some 
part. In cases of impacted smooth objects such as 
coins, pressure necrosis would provide an explanation. 
For this reason, a foreign body stuck in the oesophagus, 
whatever its nature, must be removed under direct 
vision as soon as the diagnosis is made. Apart from 
prolonging the patient’s discomfort, delay will only 
make subsequent attempts at removal more difficult 
and the risk of perforation will increase. Twenty-two 
out of the 25 cases of oesophageal perforation in our 
series had foreign bodies in the cervical oesophagus, 
with only 3 foreign bodies in the upper thoracic 
oesophguas (Table 1X). There was no case of perfora- 
tion of the lower oesophagus. Table X compares our 
series with those of Lerche (1911) and Head (1938). 

Foreign bodies perforating the cervical oesophagus 
ordinarily result in para- or retro-oesophageal abscess 
(Fig. 3), with or without descending mediastinitis. 
These patients can usually be cured by immediate 
surgical drainage, but cases have been reported where 
foreign bodies had perforated the cervical oesophagus 
and presented subcutaneously in the neck (Strieder, 
1950) or had migrated to the thyroid gland (Jemerin 
and Aronoff, 1949). Rarely, one of the large arteries of 
the neck may be perforated (Clerf, 1940). 

Oesophago-aortic fistulas are fortunately rare; 
Henry and Miscall (1960) found only one case in two 
large thoracic surgical centres in New York over 
25 years. These fistulas are usually caused by sharp 
foreign bodies and both our cases were due to bones. 
Negus and Bateman (1955) stated that ‘a coin has been 
known to ulcerate through the oesophageal wall and 
perforate the aorta, an extremely rare occurrence’. 
Vella and Booth (1965) reported a case where a coin 
caused an oesophago-aortic fistula in a boy aged 
2 years and 3 months, Pressure necrosis of the aorta 
would seem to be the explanation in these cases. From 
a review of the literature, some characteristic clinical 
features of oesophago-aortic fistula emerge. The initial 
‘signal’ haemorrhage is small and is often followed by 
further repeated small haemorrhages before the 


exsanguinating haemorrhage occurs. The bleeding, 
bright red or arterial in nature, is so-called 'arterial 
haematemesis'. This characteristic may serve as à 
diagnostic clue to gastrointestinal bleeding arising 
from a trunk artery. These features are common to all 
oesophago-aortic fistula whether due to a foreign body 
in the oesophagus or caused by some other disease, 
such as arteriosclerotic and syphilitic aortic aneurysm 
or fistula of peptic origin. 

Eighty-four cases of oesophago-aortic fistula have so 
far been reported in the English literature (Vella and 
Booth, 1965; Marcello, 1966; Sloop and Thompson, 
1967). There is an excellent account of this condition 
by Sloop and Thompson (1967). The two further cases 
of oesophago-aortic fistula in this series bring the 
published total to 86 cases. Of these, 73 were caused by 
sharp objects, 10 by a smooth object, while in 3 a 
foreign body was not definitely identified. There have 
been no reported survivors. Sloop and Thompson 
(1967) reported one patient in whom they were able to 
do an anatomical repair of the lesion but the patient 
died on the second postoperative day. No other case 
of successful repair of this lesion has been reported 
although the review of the literature indicates that the 
usual clinical course is of sufficient duration to allow 
repair to be attempted. Both our cases with oesophago- 
aortic fistula had a 'signal' haemorrhage and there was 
an interval of several days between this and the fatal 
haemorrhage. By being aware of the possibility of this 
dreadful complication and with a proper diagnosis, 
some of these patients may be saved if aggressive 
surgery is undertaken by using either complete 
cardiopulmonary bypass or left atriofemoral bypass 
so that the aorta can be clamped while repairing the 
oesophago-aortic fistula. 


+ 
Foreign body in the desophagus 9 


References 

BAKARA A. and BIKHAZI G. (1975) Oesophageal foreign bodies. 
Br. Med. J. 1, 561-563. 

CLERF L. H. (1940) Foreign bodies in the air and food passages: 
observations on end-results in a series of nine hundred and 
fifty cases. Surg. Gynecol. Obstet. 70, 328-339. 

HEAD J. R. (1938) The surgical indications in perforation of the 
oesophagus by foreign bodies, Am. J. Surg. 42, 266-274. 

HENRY W. J. and MISCALL L. (1960) Aortic-oesophageal fistula. 
J. Thorac. Cardiovasc. Surg. 39, 258-262. 

HOLLINGER P. H., JOHNSTON K. C. and GREENLAND J. (1949) 
Congenital anomalies of the oesophagus related to 
oesophageal foreign bodies. Am. J. Dis. Child. 78, 467—476. 

JACKSON C. L, (1957) Foreign bodies in the oesophagus. Am. J. 
Surg. 93, 308-312. 

JACKSON C. and JACKSON C. L. (1950) Bronchoesophagoscopy. 
Philadelphia, Saunders, p. 336. . 

JEMERIN E. F. and ARONOFFE J. S. (1949) Foreign body in thyroid 
following perforation of oesophagus. Surgery 25, 52-59. 

LERCHE w. (1911) The esophagoscope in removing sharp foreign 
bodies from the esophagus. JAMA 56, 634—637. 

MARCELLO F. B. jun. (1966) Aorto-esophageal' fistula: an 
unusual case of massive hematemesis and melena. Acta 
Med. Phillipines 2, 27-34. 


NEGUS V. E. and BATEMAN G. H. (1955) St Clair Thompson's 


Diseases of the Nose and Throat, 6th ed. London, Cassell, 
p. 834. 

RICHARDSON J. R. (1945) A new treatment for esophageal 
obstruction due to meal impaction. Ann. Otol. Rhinol. 
Laryngol. 54, 328-348. 

SLOOP R. D. and THOMPSON J. C. (1967) Aorto-esophageal fistula: 
report of a case and review of literature. Gastroenterology 
53, 768—771. 

STRIEDER J. W. (1950) Surgery of the esophagus. N. Engl. J. Med. 
243, 445-454. 

VELLA E, E. and BOOTH P. J. (1965) Foreign body in the oesopha- 
gus, Br. Med. J. 2, 1042. 


Paper accepted 20.7.1977 


! 





+ 


Br. J. Surg. Vol. 65 (1978) 10-16 


Effect of selective gastric vagotomy on histamine 
concentration in gastric mucosa of patients with 


duodenal ulcer 


H. TROIDL, H. ROHDE, W. LORENZ, G. HÄFNER AND H. HAMELMANN* 


SUMMARY 

In a prospective controlled trial, histamine concentra- 
tions in human gastric mucosa were determined fluoro- 
metrieally in 23 patients 6-11 months after selective 
gastric vagotomy with drainage and in patients who 
had undergone other types of operation for duodenal 
ulcer. The study was in two parts: part 1, a synchronous 
investigation of mucosal histamine concentrations in 
patients who had undergone vagotomy, in duodenal 
ulcer patients before operation and in control subjects; 
part 2, a consecutive study of the same patients before 
and after vagotomy. 

In part 1, patients with Hollander-negative vagotomy 
were found to have significantly higher mucosal hist- 
amine concentrations than ‘healthy’ control subjects or 
duodenal ulcer patients before operation. Patients with 
recurrent ulcer, however, had as low mucosal histamine 
concentrations as duodenal ulcer patients who had not 
been operated on. In part 2, all duodenal ulcer patients 
showed an increase in gastric mucosal histamine con- 
centration after vagotomy (P<0-0]). The smallest 
increase was in a patient with an incomplete vagotomy. 
Control patients who were not operated on but who 
underwent endoscopy and biopsy twice in the period of 
investigation, did not show any increase in mucosal 
histamine concentration between the times of the first 
and the second biopsy. The overall results of selective 
vagotomy and drajnage in this study, with respect both 
to clinical Visick gradings and to radiological and acid 
secretory findings, were comparable to those reported 
hy other authors. No significant change in numbers of 
parietal cells was found after vagotomy. Thus, selective 
gastric vagetomy with a drainage procedure leads to 
increased concentrations of histamine in the mucosa 
of the body of the stomach in man. The mechanism is 
not clear, but might be through inhibition of histamine 
release from mast cell stores. 


A REMARKABLE feature of several review articles on 
the pathological functions of histamine published in 
the past 15 years has been that a relationship of this 
substance to peptic-ulceration has either not been 
mentioned at all, or else has been considered to be 
of only minor significance (Dunér and Pernow, 1960; 
Code et al., 1964; Lindell and Westling, 1966). There 
were several reasons for this; for example, although 
gastric ulcers were produced in rats by subcutaneous 
injections of histamine (Büchner et al, 1928) and 
duodenal ulcers were produced in dogs by intra- 
muscular histamine in beeswax (Varco et al., 1941), 
it became increasingly evident that the clinical counter- 
parts in man of these observations in animals were 
more in the form of acute haemorrhagic lesions 
(stress ulcers) than of chronic duodenal ulcers (Lorenz 
and Feifel, 1970; Seidel et al., 1973a; Lorenz et al., 
1974). Secondly, attempts to correlate changes in the 
histamine content of whole blood, gastric juice and 


tissue with the occurrence or prevalence of peptic 
ulcer yielded conflicting results. Thus, the finding of 
elevated blood histamine concentrations in patients 
with florid duodenal ulcer (Riboli, 1940; Parrot et al., 
1943) was thought to be due to increased mobilization 
of stored histamine (Guggenheim, 1951). However, 
these observations either could not be confirmed 
(Shimkin et al, 1943) or else seemed to be true for 
only a minority of patients (Lips et al., 1947; Surkes, 
1948). We know that the histamine content of whole 
blood is a poor index of histamine release in man 
(Lorenz et al., 1972). In a small number of patients, 
Smith (1959) found no difference in the histamine 
content of gastric body mucosa when he compared 
duodenal ulcer patients with patients who had gastric 
carcinoma. Similarly, Borbola et al. (1951) were un- 
able to detect significant differences between the 
histamine concentrations in the gastric juice of 
control subjects and that of patients with duodenal 
ulcer. A special case-—but none the less remarkable— 
was the finding of increased urinary excretion of 
histamine in patients with the Zollinger-Ellison syn- 
drome (Dotevall et al., 1963; Dotevall and Walan, 
1970). This finding did not apply to duodenal ulcer 
patients in general (Bjuró, 1963). Finally, studies on 
mucosal histamine formation did not show any signi- 
ficant difference between patients with duodenal ulcer 
and those with gastric carcinoma (Lindell and West- 
ling, 1966). Thus, until recently, the hypothesis that 
histamine was involved in human peptic ulcer disease 
lacked corroborative evidence. 

Two observations which have been made quite 
recently, however, have put histamine back into the 
reckoning. First, histamine H,-receptor antagonists 
were shown to heal peptic ulcers in man (International 
Multicentre Trial, 1975); secondly, storage and in- 
activation of histamine in the acid-producing gastric 
mucosa of duodenal ulcer patients were shown to be 
different from storage and inactivation in control 
subjects (Troidl et al, 1976a; Barth et al., 1977). 

Since vagotomy is known to reduce gastric acid 
secretion, we decided to investigate the effect of 
vagotomy on the histamine stores in the mucosa of 
the body of the stomach in man. Preliminary reports 
of this work have already been published (Troidl et 
al., 1975a, 1976b). 


Patients and methods 


Design and protocols of the study 

Tissue histamine content, especially the histamine content of 
gastric mucosa, is influenced by numerous genetic, humoral 
and environmental factors (Lorenz and Pfleger, 1968; Lorenz 
* Surgical Clinic and Division of Experimental Surgery and 
Pathological Biochemistry, University of Marburg/Lahn. 
Correspondence to: Dr H. Troidli, Surgical Clinic of the 
University, Robert-Koch-Strasse 8, 3550Marburg/Lahn, West 
Germany. 
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Table Il: HISTAMINE CONCENTRATIONS IN 
CORPUS MUCOSA OF PATIENTS WITH DUODENAL 
AND GASTRIC ULCER AFTER OPERATION 


Histamine content (ug/g) 
Response to insulin 


Case Sample X of 
no. Hollander Bachrach l 2 3 samples 
SV 
1 — - SE3 410 51-5 47-9 
2 — — 61:5 41:5 460 49-7 
3 — — 38:1 600 567 51:6 
4 — — 565 680 66-0 6345 
3 — — 80-0 668 59-6 68-8 
SV and recurrent ulcer 
6 2. = = 38-0 360 246 32-9 
7 de d- 29-4 376 380 35-0 
8 -— — 352 384 374 37-0 
Other operative procedures 
9 d M 69. I1b3 11-2 9-8 
10 + T 15-4 104 141 13-3 
HI 4 “| 41-5 40-1 41-7 41-1 
12 nd. n.d. 71:5. 595 59:5 63:5 
13 + 4- 51-6 441 58-5 51:4 
14 -— — 84-5 58-0 69-5 70-7 
‘Escape’ group 
22 -+ — 95.5 90:5 120 102-0 
23 ~t- 4- 765 57-0 37-5 57-0 


SV, Selective gastric vagotomy. Response to insulin:-4-, 
positive; —, negative; n.d., not determined. 

The median value for Cases 1—5 is 51:6 ug/g, for Cases 6-8 
35:0 ug/g. 


et al., 1973). Since in a study on histamine and vagotomy all 
these factors may act as covariables which are difficult to 
define and very difficult to control, we used two experimental 
concepts in the same trial. 

Part 1: a synchronous investigation of vagotomized subjects, 
duodenal ulcer patients before operation and various other groups 
of subjects acting as controls: In a prospective study, lasting 
from April to September 1973, biopsies of gastric mucosa 
were taken for histamine estimation in 100 consecutive patients 
who were admitted for endoscopy in our gastroenterology unit 
by physicians not involved in the study (for details see Troidl 
et al., 1976a). Biopsies were also obtained from 3 patients with 
recurrent ulcer (Cases 6, 8 and 13, Table I) who were admitted 
for endoscopy in September 1973 soon after the prospective 
study ended. Two of the 103 patients who were operated on 
were excluded from the trial because of cholecystitis, which 
has an influence on gastric histamine content (Troidl et al., 
1976a) (Table I). 

Part 2: consecutive investigation of the same subjects before and 
after vagotomy: All duodenal ulcer patients who were included 
in the prospective study (see above) and who subsequently 
underwent vagotomy were included in the second part of our 
trial (Table I). Thus, in this part of the study control subjects 
and vagotomized patients were not tested synchronously; but 
since the patients served as their own controls it was possible to 
egclude many variables which had not been excluded in the 
first part of the trial. 

The use of these two experimental concepts ensured that 
none of the subjects was selected for the trial by fortuitous, 
undefined and uncontrolled criteria (Table I). 

Biopsies were obtained from a total of 106 patients from 
Marburg and the surrounding area; these included the 103 
individuals from parts 1 and 2 of the study and 3 additional 
patients who were included only to show the reproducibility of 
the histamine assay. (Table III). AH duodenal ulcer patients 
submitted to selective gastric vagotomy and drainage were 
studfed or reinvestigated 6-11 months after operation (Table I). 
After this interval, the effects of the operative procedure on 
such factors as acid secretion (Lyndon et al., 1973) and gastric 
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motility and emptying (Sheiner et al., 1975) were considered 
to be relatively stable. 

The design of the study, which has been described in detail 
elsewhere (Troidl et al., 1976a), included case history, a clinical 
questionnaire, oesophagogastroduodenoscopy, pathological 
examination of the biopsy specimens, radiology of the 
stomach, intestine and biliary tract, gastric secretory tests 
(pentagastrin and insulin) and recording of operative findings 
in patients coming to surgery. The diagnoses were established 
according to Troidl et al. (1976a) and Rohde et al. (1977). 
Control subjects and patients were classified according to the 
present diagnosis, concomitant diseases and previous history 
(Troidl et al, 1976a). By these criteria, 2 of the patients who 
had been operated on for peptic ulcer were excluded from the 
trial (Table 1). To avoid the introduction of bias, the results of 
the histamine estimations were not recorded until the patients 
had been finally classified. 


Patients 

The 106 male and female patients in the trial included 32 
control subjects, 11 patients with duodenal ulcer without 
subsequent operation, 40 patients with various other abdominal 
diseases (Troidl et al., 1976a) and 23 patients who underwent 
operation for duodenal or gastric ulcer (Table I). Since all 
patients treated surgically in the trial were male, only the 21 
male control subjects and 17 male duodenal ulcer patients (10 
without operation, 7 before operation, Table I) were considered 
in the comparison of gastric mucosal histamine concentration. 
The control subjects were patients with non-specific abdominal 
complaints who had been found to be ‘healthy’ with respect 
to their upper gastrointestinal tract. The duodenal ulcer 
patients were those in whom the presence of the ulcer 
was established by endoscopy, radiology and histological 
examination. 

The characteristics of the patients with duodenal and gastric 
ulcer who were treated by various operations are shown in 
Table I. These data on the patients, the operations performed, 
endoscopic findings and concomitant diseases are given 
because we know nothing at present about the possible 
influences of various covariables (Byar et al.; 1976) on gastric 
histamine content in man, but must suspect from the results of 
experiments in animals that there are many such influences 
(Lorenz and Pfleger, 1968; Troidl et al., 1976a). Thus, it 
seemed important to be able to compare the patients whom we 
studied after operation with patients studied by other authors 
(Troid! et al., 1975b). Furthermore, the mean reductions in 
basal and pentagastrin-stimulated acid output in our patients 
after selective gastric vagotomy with drainage were 82 and 
52 per cent respectively, and the incidence of positive 
Hollander tests was 18 per cent, indicating the outcome to be 
expected after this type of operation (Troidl et al., 1975b). 
Finally, the definition of recurrent ulceration was that used 
by Weinberg (1964). 


Methods 

Fluorometric assay of histamine in biopsy specimens: Four 
samples were taken during endoscopy, 3 for histamine assay 
and 1 for histological examination. Histamine concentration 
was determined by a slight modification of our Dowex method 
(Lorenz et al., 1970) as described by Troidl et al. (1976a). It 
was expressed as microgrammes of histamine dihydrochloride 
per gramme wet weight of mucosa. The specificity of the assay 
was confirmed by fluorescence spectra, formaldehyde and 
heating test, inactivation of the isolated substance by purified 
histamine methyltransferase from pig antrum, by purified 
diamine oxidase from pig kidney and by bioassay on the 
isolated guinea-pig ileum (Lorenz et al., 1978). The precision 
of the entire procedure (sample taking, homogenization and 
determination of histamine) within the day was 11640 
(coefficient of variation, VC per cent) in 3 series of 9 experi- 
ments when the mean value from 3 biopsies was used for a 
single estimation. The accuracy of the test was found to be 
satisfactory by comparing the values obtained by fluorometry 
with those obtained by bioassay as a ‘reference’ method 
(Rohde et al., 1978). A time interval of up to 7 min between . 
the taking of the biopsy and its fixation in 2mi 1 M HCIO, 
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Table UI: REPRODUCIBILITY OF HISTAMINE ASSAY 
Histamine content (ug/g) 
l l Date Sample X of Difference 
Diagnosis and operation of E i 2 3 samples GE 
Reproducibility within the same day 
Alimentary obesity and DU 6.8.75 14-6 32-0 17.5 21-4 
l l 6.8.75 18-2 13:1 24:3 18-5 -—14 
Diabetes, intra-abdominal trauma 13.9.73 74-4 69-6 64-8 69-6 
13.9.73 104-4 72:0 72-0 82:8 +19 
DU after 2/3 BI Res. 6.8.75 17:4 21:1 15:9 18:1 
6.8.75 17-0 13:3 16-0 15-4 -15 
Reproducibility from day to day 
GU, cholecystectomy 30.4.73 55-5 108-0 72:5 78-7 
m {4.8.73 59-5 71-5 76:5 69-2 -—12 
DU without RDU 23.7.13 39-2 40-2 44-5 41-3 
DU with RDU 19.9.73 35-2 38-4 37-4 37-0 —8 
Alimentary obesity 16.4.73 28.8 53-1 53-4 45:1 
ui 30.4.73 47-3 34-6 40:8 40-9 —9 
Control subject. 21.9.73 39-1 50-4 28-7 39.4 š 
25.9.73 46-4 40:3 49-9 43-9 +11 





For abbreviations, see Table I. 


For within-day tests, 2 patients from 1975 were included, for day-to-day tests only patients who came within the period of the 
trial were included. Note that variation from day to day was no greater than within-day variation and was in the range of the 


coefficient of variation for the whole assay procedure (see text). 


was found to have no influence on tissue histamine concentra- 
tion. 

Accuracy of diagnosis of peptic ulcer: Several problems arose 
in diagnosing peptic ulcer with the degree of accuracy necessary 
for the trial (Table 1), because the findings at endoscopy, 
radiology and operation did not always agree. In doubtful 
cases, the endoscopic and radiological examinations were 
repeated, and the biopsy specimens taken at preoperative 
endoscopy and at operation were examined histologically. 
The final decision on the diagnosis was made in difficult cases 
on the following grounds (Table I): Case 3 had a positive 
history with tvpical symptoms and positive endoscopic and 
radiological findings, but the findings at operation 3 weeks 
after the diagnostic procedures were unconvincing. Case 4 was 
thought not to have recurrent ulceration since, except for 
radiology, all other findings, including clinical questionnaire, 
were negative. Case 6 had a good history of ulcer and high 
acid outputs but an ulcer could not be shown convincingly 
endoscopically, radiologically or at operation. However, his 
recurrent ulcer was definite enough! In Case 7 neither the ulcer 
nor the recurrent ulcer could be identified with certainty at 
operation, but preoperatively the history and high acid outputs 
were positive and postoperatively high acid outputs, endoscopy, 
radiology and history were all positive for ulcer, and yet the 
patient felt in excellent health (Visick grade I). The reopera- 
tion was performed 2 weeks after the diagnostic procedures. In 
Case 12 the operation was performed 3 months after the 
diagnostic procedures. In all patients in this trial, the indications 
for surgical treatment were the presence of intractable symp- 
toms of ulcer dyspepsia and the demonstration of an ulcer with 
a sufficient degree of certainty. 

Parietal cell counting: This investigation was described by 
Martini and Schmidt-Wilcke (1975). In addition to the 4 
biopsies in our study, 5 specimens were taken, immediately 
embedded in fresh rat liver and frozen by liquid nitrogen. 
From each of the biopsies 5 sections were stained by the 
succinate dehydrogenase reaction (Pearse, 1968) and the 
parietal cells were counted in 5 areas by the method of Schmidt- 
Wilcke et al. (1974). 

Surgical techniques: Selective gastric vagotomy, Heinecke- 
Miculicz pyloroplasty and the resections were performed by 
techniques described by Seidel et al. (1973b). Posterior gastro- 
enterostomy was carried out at the most dependent part of the 
stomach near the greater curvature, with a short afferent loop. 
Statistical methods: Since the gastric mucosal histamine 
concentrations in duodenal ulcer patients were not normally 
distributed (Troidi et al, 1976a), the median percentile 
system was used for parameters of location and variance. 


Statistical significance was tested by means of the Mann- 
Whitney test and the Wilcoxon test for paired data (Sachs, 
1974). For the histamine assay, a quality control was main- 
tained over the whole period of investigation, using control 
samples prepared in our laboratory. In this way, precision and 
relative accuracy could be guaranteed for all histamine 
EM UNS over a period of at least 18 months (Rohde et 
al., 1978). 


Results 


Part l 

In 5 patients with complete, Hollander-negative vago- 
tomy (Table II) the median (first to third quartiles) 
for gastric histamine concentration was 51:6 (49-7 
63:5) ug/g. This value was higher by 69 per cent than 
that of duodenal ulcer patients before or without 
operation—30-5 (24-0-42-5) ug/g; n = 17, P «0:002 — 
and higher also than that of control subjects—-42-6 
(31-4-49-6) ug/g; n = 21, P<0-01. In 3 patients with 
recurrent ulcer, however (two of whom had Hollander- 
negative insulin tests), the mucosal histamine content 
was as low as that of duodenal ulcer patients without 
operation (range 32-9-37-0 ug/g) (Table 1I). 

After various other types of operation for duodenal 
and gastric ulcer, histamine concentrations in corpus 
mucosa showed good agreement with these results 
(Table ID. Thus, in 2 duodenal ulcer patients (Cases 
13 and 14) who were treated by combined resection 
and vagotomy, mucosal histamine concentrations of 
over 50 ug/g were found. Case 13, who had a positive 
insulin test, had lower histamine values than Case 14, 
who had a negative insulin test. Thus, it seemed to 
be the vagotomy and not the resection which was 
responsible for the increased histamine concentra- 
tions in the gastric mucosa of these patients. 


Part 2 

In all duodenal ulcer patients from part 1 who were 
treated by selective vagotomy, an increase of gastric 
mucosal histamine concentration was found 6-11 
months after operation (Fig. 1, P «0:01 by Wilcoxon's 
test). The median increase was 56 per cent. Again, 
it was striking that the smallest increase occurretl in 
a patient who had an incomplete vagotomy (Case 15). 
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Fig. 1. Histamine concentrations in the corpus mucosa of 
duodenal ulcer patients before and after selective gastric 
vagotomy with drainage. Histamine values for each patient 
represent the arithmetic means of three determinations, as in 
Table H. 1n Case 16 the insulin test was omitted because of 
severe diabetes, but the reduction in PAO was 40 per cent. 
O O, Single subjects; 4——— 9, median; - - - - - : 
positive Hollander test. Number of patients given in brackets 
(see Table I). 





To test whether the increased mucosal histamine 
concentration after vagotomy might be due to daily 
or seasonal influences within this part of the study, 
mucosal histamine concentration was determined 
twice within a day (morning and afternoon) and 
within a time interval of several weeks or months 
(Table III). The reproducibility of the assessment of 
histamine concentration was found to be quite satis- 
factory both within a day and from day to day. Thus, 
no alteration with time was found which could explain 
the increase in histamine concentration in corpus 
mucosa after vagotomy. 


Overall clinical assessment and parietal cell counting 
The overall clinical assessment according to Visick 
and as modified by Goligher (1975), and the endo- 
scopy, ‘radiology and acid secretion tests in the 
patients in this study yielded results which were 
comparable to those reported by several other authors 
(Troidl et al., 1975b). During the entire period within 
which this investigation was carried out, no signi- 
ficant change was found in the parietal cell mass of 
the duodenal ulcer patients after vagotomy. 


Discussion 

We found a significant increase in gastric mucosal 
histamine concentration after vagotomy, which aver- 
aged about 50 per cent. Since the methods used were 
complicated and.the observed increases were only in 
the, nanogram range, it must be emphasized that 
sophisticated techniques were employed to ensure 
that the results obtained were valid. Thus, for example, 
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the reliability of the histamine assay was confirmed 
by means of tests of sensitivity, specificity, within-day 
and day-to-day precision and accuracy using bioassay 
on guinea-pig ileum as a reference method (Lorenz 
et al., 1975; Lorenz et al., 1978; Rohde et al., 1978). 
Quality control in terms of clinical chemistry was 
ensured throughout the 18 months of the study, two 
control samples from a pool prepared in this labor- 
atory being used in each daily series of histamine 
determinations (Rohde et al, 1978). Six to eleven 
months were allowed to elapse after the vagotomy 
operation before its effect was measured, to try to 
ensure that the results obtained would be representa- 
tive and valid. Every attempt was made to define as 
exactly as possible both the precise condition of the 
subjects who were studied and the conditions of the 
investigation. Such precision seemed to us to be 
necessary because of previous conflicting results in 
studies of mucosal gastrin concentration (Creutzfeldt 
et al, 1976). 

Our findings of lower mucosal histamine concen- 
trations in patients with duodenal ulcer than in 
‘normal’ controls, and of increased mucosal histamine 
concentrations after vagotomy, suggest that abnorm- 
alities of histamine storage might be a feature of 
duodenal ulcer disease. A similar observation to our 
findings in patients after vagotomy was made by 
Lundell et al. (1974), who studied the effect of truncal 
vagotomy on gastric mucosal histamine in rats. The 
increase in mucosal histamine concentration which 
they found in that species might, however, be attribu- 
table to an increase in specific endocrine cells (Thun- 
berg, 1967; Hakanson et al., 1967) and not to a 
change in the mast cells, which have been shown to 
be the main storage site for histamine in the human 
stomach (Thunberg, 1967; Hakanson et al., 1969). 
The results of Lundell et al. (1974) were not in agree- 
ment with those of Hutson et al. (1969) and Reichle 
et al. (1971), who did not find any significant altera- 
tion in gastric histamine content after truncal vago- 
tomy in rats. These latter authors, however, had 
measured not mucosal histamine, but the histamine 
content of the entire gastric wall. They killed the 
rats a mere 2 and 3 weeks, respectively, after vago- 
tomy and they tested neither the specificity of their 
histamine assay nor the completeness of the vago- 
tomies. For these reasons, the results which they 
obtained have to be interpreted with caution. 

There are several possible explanations for the 
increase in gastric mucosal histamine concentration 
which we observed after vagotomy in man. | 

The most likely explanation, in our opinion, is 
diminished release of histamine from the mucosa after 
vagotomy, which results in an increased content of 
stored histamine in the mucosa of the body of the 
stomach. This hypothesis is supported by previous 
findings of increased release of histamine from the 
gastric mucosa of duodinal ulcer patients before 
operation, resulting in a decreased concentration of 
histamine in the mucosa (Troidl et al., 1976a). Smith 
(1959) had previously suggested that incubation with 
compound 48/80 of gastric tissue obtained from ulcer 
patients led to more histamine release than similar 
incubation with gastric tissue obtained from patients 
with gastric carcinoma. In addition, Lundell et al. 
(1974) found that after truncal vagotomy in rats, 
newly formed histamine was more slowly mobilized 
than in control animals under certain conditions. 


A second possibility is increased histamine forma- 
tion after vagotomy. Indeed, in rats, higher activities 
of specific histidine decarboxylase were observed after 
truncal vagotomy than before vagotomy (Hákanson 
and Liedberg, 1970, 1971; Lundell et al., 1974), but 
in other species, including man, it seems unlikely 
that such changes take place (Troidl et al., 1976a). 

Decreased inactivation of histamine is a third possi- 
bility that is worth considering. In duodenal ulcer 
patients after vagotomy, however, histamine methyl- 
transferase activity was found to be higher than in 
control subjects and higher also than in duodenal 
ulcer patients before operation (Barth et al., 1977). 
Since this enzyme is, as far as we know, the only 
significant enzyme responsible for histamine inacti- 
vation in human gastric mucosa, this explanation 
also seems unlikely. 

Fourthly, the trophic effects of gastrointestinal hor- 
mones, and gastrin in particular, on corpus mucosa 
after vagotomy might explain the elevated tissue 
histamine levels. However, throughout the whole 
period of this study, no increase in parietal cell 
density was found. We would have expected to find 
such an increase if significant trophic influences had 
been at work. Histological examination of biopsy 
specimens also showed that no significant atrophic 
gastritis was present in any of the vagotomized 
patients in this study. (An increased number of 
mast cells in gastric mucosa has been observed by 
Siurala and Sundberg (1958) in patients with atrophic 
gastritis.) 

Finally, histamine-forming bacteria (lactobacilli) in 
the superficial layers of the gastric mucosa could con- 
ceivably contribute to the histamine content of the 
gastric mucosa (Horakova et al, 1971). Bacterial 
histidine decarboxylase requires an acid medium, 
however, for optimal activity. This possibility is ren- 
dered unlikely by our findings in this study of very low 
basal acid outputs in patients who nevertheless had 
high mucosal histamine concentrations, and by our 
previous findings of normal mucosal histamine con- 
centrations in patients with gastric carcinoma (Troid! 
et al, 1975a). Furthermore, lactobacilli in particular 
were found only in rats, sheep and horses, which 
possess a rumen whose luminal pH does not regu- 
larly fall below 5 (Horáková et al., 1971). 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Geporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly.’ 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 
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The survival of patients with colorectal cancer 


treated in a regional hospital 


P. G. GILL AND P. J. MORRIS* 


SUMMARY 

The survival rate for 301 patients who had a resection 
for colorectal cancer in Oxford over a 6-year period 
between 1966 and 1971 has been reviewed. The crude 
and age-adjusted 5-year survival rates for those who 
had a resection for cure were 37-3 per cent and 53:8 
per cent respectively. The corresponding survival rates 
for all patients after resection were 25:8 and 37-2 
respectively. 

The most important determinant of survival was the 
pathological stage of the primary tumour, the age- 
corrected 5-year survival being 100 per cent for stage A 
lesions, 58 per cent for stage B, 27-1 for stage C and 
5:5 per cent for stage D. Patients who presented with 
either intestinal obstruction or perforation of their 
carcinoma had a significantly worse prognosis than 
those who did not. Patients under 35 years of age did not 
survive as long as older patients. Those patients who had 
an anterior resection survived longer than those who 
underwent colectomy or abdominoperineal resection, 
probably due to the selection of pathologically favour- 


able cases in the former group. The occurrence of 


infection in the postoperative period did not influence 
survival, 

Thus, in general, patients with colorectal cancer have 
a poor 5-year survival (with the exception of stage 
A lesions), and this indicates the need for development 
of effective adjuvant therapy after surgery for this 
disease. 


Tus annual death rate from cancer of the large bowel 
remains unchanged (Registrar-General, 1972). Recent 
reports from two specialized centres in this country 
have presented encouraging results of surgery for this 
disease (Lockhart-Mummery et al, 1976; Whittaker 
and Goligher, 1976). It has been suggested that such 
studies are not representative of the general results 
achieved in the community where less than half of the 
patients submitted to resection of the large bowel for 
cancer will be alive 5 years later (Slaney, 1971; 
Walker, 1972). These conclusions have been criticized 
because they were derived from the collective results of 
many different hospitals (Whittaker and Goligher, 
1976). The present report describes the experience of a 
single regional general surgical centre in the treatment 
of colorectal cancer between 1966 and 1971. The data 
were gathered to assist in planning prospective studies 
of adjuvant therapy, but they do provide further 
information on the prognosis of this disease when 
managed outside specialized centres of referral. 


Patients and methods 
A total of 335 patients with histologically proved colorectal 
cancer who were admitted to the Radcliffe Infirmary between 
January 1966 and December 1971 forms the basis of this study. 
Patients in whom the diagnosis was made on clinical grounds 
only, who had multiple cancers or colitis, were excluded. The 
clinical records of those in the study were examined and their 
progress for the subsequent 5 years was recorded. After 
scrutinization of the operative records and pathological 


Table I: DISTRIBUTION OF PATHOLOGICAL STAGE 
AMONG ALL PATIENTS AND AMONG THOSE 
HAVING RESECTION FOR CURE 


Patients 
undergoing 
curative 
Pathological All patients resection 
stage* No. vA No. vA 
A 19 5-7 19 9-9 
B 119 35.5 98 51:0 
C 95 28-4 75 39-1 
D 102 30:4 — — 





* For definition of each stage see text. 


Table II: PERCENTAGE 5-YEAR SURVIVAL RATES 
FOR EACH PATHOLOGICAL STAGE AND FOR ALL 
CASES 


Pathological Crude 5-vear Adjusted 5-year 
stage* survival survival 
A 94] 100 
B 40-2 58-0 
C 18-8 27:1 
D 38 5:8 
All stages 25-8 37-2 
All curative 37:3 53.8 
resections 


* For definition of each stage see text. 


Table HI: DISTRIBUTION OF PATHOLOGICAL 
STAGE BETWEEN THE THREE MAIN TYPES OF 
OPERATION PERFORMED 


Abdomino- 
Anterior perineal 
Pathological Colectomy resection resection 
stage" No. y No. PA No. p 

A 7 65 5 8-8 7 10-9 

B 55 S4 40 70-2 24 37.8 

C 45 42-1 12 2010 33 51-6 


* For definition of each stage see text. 


findings, patients were allocated to one of the following patho- 
logical stages: stage A, confined to the bowel wall; stage B, 
penetration of the bowel wall by tumour; stage C, involvement 
of regional lymph nodes; stage D, involvement of peritoneum 
or remote metastases. Follow-up data were available in most 
cases and where not, this information was obtained through 
the Regional Cancer Registry. Nineteen patients could not be 
traced, resulting in a 5-year follow-up rate of 94-1 per cent. 
Twelve patients who had local treatment of a cancer and 3 with 
multiple cancers were not included in the analysis. Survival of 
patients after presentation with colorectal cancer has been 
calculated actuarily both for the crude data and after adjust- 
ment for age and sex. The statistical comparisons were made by 
using the log rank test (Peto et al., 1977). In the analyses the 
values for y? and the significance levels were computed for 
heterogeneity and for the trend in each case. The latter value is 
usually the most relevant one in this report, but in some 
instances both are given. : 

a a a a a tere aaa te 
* Nuffield Department of Surgery, University of Oxford, 
Radcliffe Infirmary, Oxford. 
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Fig. 1. Survival curves for patients in each pathological stage. 
~=, Stage A; ..., stage B; - - -, stage C; — — —, stage D. 
The trend for the survival of patients in each of the 

groups to differ is highly significant (y? = 136:3; P>0 0001). 
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Fig. 2. Survival curves after anterior resection, abdomino- 
perineal resection and colectomy. . . ., anterior resection; 
-= ~ colectomy; ———, abdominoperineal resection y? for 
heterogeneity = 12-41, P = 0-002; +? for the trend = 5-98, 
P= 0-014. 
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Fig. 3. Survival of patients who present electively (. . .) and 
as emergencies (———), i.e. obstruction or perforation, and 
have complete excision of their tumour. The difference 
between the two groups is significant (y? — 8-09; P — 0-005). 
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Fig. 4. The influence of age on survival. ———, 35 years: 


-= =, 35-44 years; — — —, 45-54 years; ..., 55 years. 
X. for heterogeneity = 8:76, P = 0-03; y? for the trend = 7-93, 
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Fig. 5. The influence of tumour grade on survival after 
tumour resection. = —, well differentiated; . . ., moderately 
differentiated; - - -, poorly differentiated; — — —, 
anaplastic. The trend did not reach significance 

(3 = 1:46. P = 023). 


Results 

The primary tumour was resected in 317 patients and 
192 of these resections were regarded as curative. 
There were 16 deaths due to operation, the overall 
mortality rate being 5-5 per cent. 

The number of patients in each pathological stage 
is shown in Table I. As anticipated, this factor was the 
most important determinant of survival, as is clearly 
illustrated in Fig. 1. The crude and adjusted survival 
rates 5 years after resection are shown in Table IT. The 
influence of other factors on survival was analysed and 
several features of interest emerged. The survival 
curves in Fig. 2 demonstrate a significant difference in 
the clinical course of patients who had an anterior 
resection when compared with those who underwent 
colectomy or abdominoperineal resection for their 
tumours. This applied to the overall analysis and to 
those resected for cure. Survival of patients with 
colonic cancer only was similar to those with colorectal 
cancer who had abdominoperineal resection (Fig. 2). 
The probable explanation for this can be derived from 
Table III, which gives the distribution of the various 


pathological stages between these three groups of 
patients. Thus, 45 of 66 patients who underwent 
anterior resection had Dukes' stage A or B lesions 
whereas only 31 of 89 patients submitted to abdomino- 
perineal resection had similar lesions. The 83 patients 
who presented as emergencies with either intestinal 
obstruction or perforation had a significantly worse 
prognosis (Fig. 3), regardless of whether a curative 
procedure could be carried out. 

The influence of age and sex was also examined. 
Overall, there was no difference between the sexes, 
although amongst those patients undergoing curative 
operations, females tended to survive longer. The 
difference was not significant (y? = 3:03, P = 0-08). In 
contradistinction, age was a significant factor, both 
in the overall analysis and in those cases which were 
resected for potential cure. Those patients less than 
35 years of age had a worse survival rate than other 
age groups (Fig. 4). 

The degree of differentiation of the primary tumour 
did not appear to exert a major influence on survival, 
although from 12 months after resection there was a 
trend for patient survival to correlate with the tumour 
differentiation (Fig. 5). This trend did not reach 
significance. 

There was an unexpected and high incidence of 
luminal recurrence in the vicinity of the anastomosis 
as the first clinical evidence of recurrent disease. Ten 
of the 66 patients who had had an anterior resection 
and 8 of the 152 who had had a colectomy suffered 
this complication. Abdominal wound recurrences 
occurred in 7 patients. This represents an anastomotic 
or wound recurrence rate of 7-9 per cent overall. 

It is suggested that postoperative sepsis improves 
survival after cancer resection because of a non- 
specific stimulation of the reticuloendothelial system. 
We examined this hypothesis by recording the 
occurrence after operation of (a) any pyrexia of 
37-7 °C (100 °F), (5) a pyrexia of 5 days’ duration or 
more, or (c) a wound abscess. Analysis of patient 
survival against each or all of these variables showed 
no difference in survival between those who suffered 
postoperative sepsis and those who did not. 


Discussion 

These findings suggest that the results of treatment 
of colorectal cancer outside specialized centres of 
referral are worse than is often suggested by reports 
from such centres. The crude and corrected 5-year 
survival rates after curative resection of 37-3 and 53:8 
per cent respectively in the present report are more in 
keeping with those reported by Slaney (1971) and 
Walker (1972) for the Birmingham and Bristol areas 
respectively than with those for rectal cancer recently 
given by Lockhart-Mummery et al. (1976) from 
St Mark's Hospital and less recently by Turnbull et 
al. (1967) for colonic cancer. Our figures are also 
comparable to those obtained in other communities 
(Berge et al., 1973; Norwegian Cancer Society, 1975). 
Case selection is one obvious factor which may 
account for these differences between specialized 
centres and regional centres. For example, the high 
proportion of emergency presentations and palliative 
resections in our series partly explains these differences. 
There were also fewer favourable stage A lesions in 
those undergoing curative resection among our 
patients, which would also have an influence on the 
survival rates. 
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Nevertheless, the high rate of anastomotic and 
wound recurrence in this series (7-9 per cent overall, 
15-2 per cent after anterior resection) does suggest 
that variation in surgical technique may be an 
important factor to be considered in explaining the 
differences between centres. The centres which 
regularly practise irrigation of the divided bowel with 
cytocidal agents and isolate the tumour-bearing 
segment have reduced the frequency of this complica- 
tion to 0-13 per cent for all cases (Hughes and 
Cuthbertson, 1956) and to 3 per cent (Hughes and 
Cuthbertson, 1956) and 1:5 per cent (Morgan, 1957) 
after anterior resection. 

The influence of age, sex, emergency presentation 
and site of tumour differentiation generally confirm 
several widely held beliefs (Dukes, 1940; Goligher, 
1975). Some of these deserve further comment. 
Significantly better survival after anterior resection 
compared with abdominoperineal resection has been 
reported previously (Gilchrist and David, 1947; 
Morgan, 1965; Lockhart-Mummery et al, 1976; 
Whittaker and Goligher, 1976). The Oxford data 
support the belief advanced by Lockhart-Mummery 
et al. (1976) that this is probably due to unconscious 
selection of pathologically favourable cases at the 
time of operation. It is possible that the higher 
proportion of high grade (poorly differentiated or 
anaplastic) tumours among the Oxford cases could 
also partly account for the differences when compared 
with the recent study from St Mark’s Hospital 
(Lockhart-Mummery et al., 1976). High grade tumours 
formed 19 per cent of the survivors in the present 
series and 13 per cent of the survivors in the series 
reported by Lockhart-Mummery et al. (1976). It 
should be remembered, however, that although there 
was a trend for tumour grade to influence prognosis, 
it did not reach statistical significance. 

The survival rates given in this paper establish that 
all patients with colorectal cancer other than those 
with stage A lesions constitute a high risk group. The 
wider regular use of refinements in surgical tech- 
niques, such as the ‘no touch technique’ (Turnbull et 
al., 1967), physical isolation of the tumour-bearing 
segment and irrigation of the divided bowel ends at 
operation, may lead to an improvement in survival 
rates. However, the results are unlikely to improve 
markedly until either effective adjuvant programmes 
of chemotherapy and/or immunotherapy have been 
established by randomized clinical trials, or a method 
of much earlier diagnosis is found. 
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Radical mastectomy: a 27-year survey 
CHARLES A. C. CLYNE AND J. D. YOUNGHUSBAND* 


SUMMARY 

Records of 736 cases of breast cancer presenting to one 
of the authors (J. D. Y.) have been kept over 27 years. 
The principles of treatment have remained the same 
throughout the survey. A radical mastectomy was 
carried out for stage 1 and early stage Il cases, and 
when axillary nodes were histologically involved, 
immediate radiotherapy was given. The 5-, 10- and 15- 
year survival figures are reported, 


Tuis series begins in 1947 and is reviewed to December 
1974, At the outset radical mastectomy for early cases 
was being almost universally perfomed, and the study 
of parallel series treated by other methods, notably 
simple mastectomy and radiotherapy, was just 
commencing. 

Since, in this series, the treatment of early cases and 
the surgical technique used have not varied, and 
careful follow-up has reduced the ‘lost’ cases to a very 
small number, we are able to report the result of radical 
mastectomy in axillary node-positive and -negative 
cases over a 27-year period. Stage III and IV cases are 
not analysed in this report. 

The cases have been drawn from a population of 
approximately 400 000. In the early years 2, in later 
years 3 and recently 4 surgeons were also treating this 
disease from the same population, but records of the 
total incidence are unobtainable. 


Assessment of cases 
After clinical examination all cases underwent: 

1. Conventional skeletal survey: In no case clinically 
suitable for mastectomy were unexpected bone 
secondaries demonstrated and the examination has 
been rightly criticized (Bachman and Sproul, 1955). 
Nevertheless, these films were useful for comparison 
with later ones. Isotope bone scanning has only 
recently become available and has not been used in 
this series. 

2. Staging: The ‘international’ system has been 
loosely used. Most authors agree that accurate 
clinical staging by any system is impossible. The 
primary tumour often cannot be measured accurately 
and the state of axillary nodes varies through wide 
limits. When the method of primary treatment of 
stage I cases differs from that of stage II, as it did in 
this series, it seems unreasonable to base different 
methods of primary treatment on inaccurate clinical 
assessment. The selection of primary treatment for 
early cases in this series has been based on the principle 
of ‘operable’ or ‘inoperable’, as suggested by R. S. 
Handley, rather than related to clinical staging. The 
state, rather than the size of the primary tumour, and 
the size, number and condition of axillary nodes, 
rather than whether they were ‘palpable’ or 
‘impalpable’, were the determining factors. Thus, 
Stage II cases fell into early or operable, and late or 
inoperable categories in relation to the choice of 
radical mastectomy. 

3. Classification: In view of the numerous variables in 
both clinical staging and primary treatment, a simple 
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system of classification was used. To all clinical stage 
I and H cases the symbols A or D were applied: A, no 
palpable nodes; D, one or more palpable nodes. After 
radical mastectomy (R), symbols B or C were 
substituted according to the node histology, thus giving 
the groups AR, no palpable nodes, radical mastectomy, 
all nodes negative; BR, no palpable nodes, radical 
mastectomy, one or more nodes positive; CR, 
palpable nodes, radical mastectomy, all nodes 
negative; DR, palpable nodes, radical mastectomy, 
one or more nodes positive. This provides a simple 
way of linking the clinical staging, the primary treat- 
ment and the node histology under one symbol. 

Table I shows the distribution of cases at presenta- 
tion in the clinical groups for the whole series. The 
clinical stage I and H cases are reclassified according 
to axillary node histology after radical mastectomy (if 
performed) in Table II. Thus, comparison of the 
number of cases in the groups B and C with the 
numbers of clinical Stage I and II cases indicates the 
inaccuracy of clinical node assessment. Thirty per cent 
of cases in this series with impalpable nodes proved 
histologically positive, and 29 per cent with palpable 
nodes were proved negative, figures which are in line 
with many other reports. 


Table I: CLINICAL STAGE OF DISEASE AT 
PRESENTATION 


Clinical 
stage No. of patients A 
i 408 56 
H 110 14 
Hi 151 21 
IV 67 9 
Total 736 100 


Table H: RECLASSIFICATION OF STAGE I AND H 
CASES ACCORDING TO NODE HISTOLOGY 


Clinical Node involvement No. of 
stage Clinical Histological patients 
i Negative Axilla not dissected 60 
(at == 408) Negative Negative 227 
Negative Positive (B) 121 
H Positive Axilla not dissected 35 
(n =110} Positive Positive 46 
Positive Negative (C) 29 
4. Biopsy: Before immediate frozen section was 


available, tumour excision for 'cold' section meant a 
delay in definitive surgery of at least a week, and in 
some cases incision into the tumour to reveal concave, 
gritty, pear-like tissue was accepted. In no case has a 
mastectomy been done erroneously. For many years 
frozen section and immediate mastectomy has been . 
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Table III: TUMOUR SITE RELATED TO AXILLARY 
NODE STATUS 
Site of tumour (75) 


Node status Lateral Central Medial 
Positive 37 26 18 


Negative 63 74 82 





Fig. 1. A typical incision. 


routine. Needle biopsy has not been used, except as a 
prelude to radiotherapy. 


Patients and methods 


Patients 

Age at presentation: The mean age at presentation of the whole 
group was 58:2 years, while that for clinical stage 1 and II 
was 56:6 years and that for stage III and IV 62-0 years. The 
youngest patient in the series was 25 years old. 

Site of tumour: Since the breast is a pendulous organ, it has 
often been found difficult to locate the tumour accurately in 
relation to the horizontal line, and therefore the site of the 
tumour has only been recorded as central, medial or lateral: 
62:6 per cent of stage I and II cases had tumours in the lateral 
portion, 21:9 per cent were central and 15:5 per cent were 
medial. 

Primary site and axillary node involvement: As might be 
expected, tumours arising in the lateral half of the breast were 
more commonly associated with involved axillary nodes than 
centrally placed tumours, and tumours in the medial half were 
least commonly associated, as shown in Table III. 

Male breast cancer: There were only 2 cases of cancer of the 
male breast in our series. One case is alive and well 15 years 
after surgery for a histological stage I growth, but the second 
case died 15 months after presenting with a stage III lesion. 
Bilateral breast cancer: Two cases presented with synchronous 
bilateral cancers, representing 3 per cent of stage IV cases. 
Twenty-five patients developed cancer in the second breast, an 
overall series incidence of 3-5 per cent. 

Other clinical details: Parity, lactation and other breast diseases 
have been recorded in recent years but only seldom in the early 
days, so that it is unfortunately not possible to report their 
relation to the disease and its outcome for the whole series. 
Histology: In this series all axillary nodes, sometimes more 
than twenty, have been examined. Thus the degree of axillary 
spread is known in every case undergoing the radical operation. 
The variety of technical terms, such as duct carcinoma, 
encephaloid, medullary, scirrhus and many others, has 
defeated any attempt to analyse the effect of the histological 
typ@of the tumour on prognosis. Terms such as ‘lymphocytic 
infiltration’ and ‘sinus histiocytosis’ have only recently begun 
to appear. 


Methods 

Throughout this series radical mastectomy has been performed 
for all the clinical stage 1 cases, except in the elderly and in 
patients with very medially placed tumours, who were usually 
treated by simple mastectomy followed by radiotherapy. 

Radical mastectomy has been performed for clinical stage I 
cases who were deemed to have ‘operable’ axillary node 
involvement. 

Primary radiotherapy was given to stage II cases judged to 
have ‘inoperable’ axillary node involvement and radiotherapy 
was given postoperatively to the radical mastectomy cases 
found to be node-positive. Between 1947 and 1959 this took 
the form of 5000 R mean skin dose over 10 weeks to the chest 
wall and gland areas from a 250 kV deep X-ray machine. From 
1960 to 1974 6000 rad over 10 weeks was given, with a 
maximum dose not exceeding 7000 rad in any area. 

Secondary treatment of recurrent disease was on conventional 

lines using hormone ablation or addition and radiotherapy. 
Chemotherapy has been used for advanced cases in recent 
years. 
Radical mastectomy: In all, 423 radical mastectomies were 
performed by the Halsted technique (but sparing the clavicular 
head of pectoralis major), commencing at the apex of the axilla 
and proceeding laterally. Dissection above the axillary vein 
was carefully avoided. The amount of skin removed was not 
less than a circle of 5-cm radius from the centre of the tumour 
and skin grafting was performed when necessary. The incision 
was made to suit the site of the tumour and the shape of the 
breast but tended to be transverse (Fig. 1). The amount of skin 
removed has tended to be less in later years because it was felt 
that selection of cases for a radical mastectomy was more 
important than wide skin excision in the avoidance of local 
recurrence. 

The intercostobrachial nerve was always sacrificed. The 
internal mammary nodes were not explored. For a short 
period oophorectomy was added to the primary treatment but 
this was soon discontinued. 

There was one postoperative death, due to pulmonary 
embolus on the fourth day. 

Radical surgery of the breast with axillary clearance often 
causes swelling in the arm (Burn, 1973), although this is usually 
minimal. In our series there were 3 cases of grossly swollen arm 
and all were early in the series. We feel that limiting dissection 
to below the axillary vein contributes to lessening post- 
operative oedema. 

Following surgery, early arm movements were encouraged. 
Temporary limitation of abduction was frequent but no cases 
of stiff shoulder have persisted for more than 2 months. Skin 
flaps were full thickness, excluding subcutaneous fat. Perfect 
primary healing was seldom obtained, temporary scabbing 
along the suture line being common, but this was regarded as an 
indication of a correct operation rather than the reverse. 
Primary split skin grafting was used when required. 


Results 


Local recurrence 

Recurrent disease on the chest wall alone occurred in 
5:2 per cent of those patients who had radical mastec- 
tomy, with or without radiotherapy. Table IV shows 
the local recurrence rate according to our classification. 
There is no significant difference in the rate of local 
recurrence when node-negative and node-positive 
cases are compared. 

The basic facts of the fate of the clinical stage I and 
II cases are shown in Table V. The cause of death is 
known in all cases; those patients dying of inter- 
current disease without evidence of secondaries being 
listed separately (died ID) from those dying of inter- 
current disease with known secondaries, who are 
included as cancer deaths with those dying essentially 
of cancer (died Ca.). The lost cases have left the district, 
apparently well, and efforts to trace them have failed. 
The numbers are small and make no impact on the 
overall figures. 


The percentage of 5- 10- and 15-year survivals is 
calculated by subtracting lost cases, those dying of 
intercurrent disease without secondaries and those 
treated less than 5, 10 and 15 years ago respectively 
from the total number. The results are given in 
Table VI. 

The clinical stage I cases found to have histologically 
involved axillary nodes showed survival figures com- 
parable to all those clinical stage II cases histologically 
confirmed, as would be expected. Similarly, those 
clinical stage II cases having uninvolved nodes histo- 
logically, reflected the improved survival figures 
associated with the histologically negative clinical 
stage I cases. 

The survival figures for the six classified groups for 
the whole series are given in Table VH. 


Discussion 

We are reporting this series to show the results of 
treating early breast cancer by these methods, which 
have remained consistent for 27 years. We do not 
seek to suggest that radical mastectomy is necessarily 
the best primary treatment for early disease, but 
accurate and complete node histology remains one 
of the few guides to prognosis and the need for further 
therapy. Axillary clearance in continuity with the 
primary tumour is still a sound surgical principle, and 
it gives the patient the benefit of a full histological 
node assessment. 

Galasko (1974) has demonstrated by bone scanning 
that 24 per cent of early cases have occult distant 
metastases and that 75 per cent of this group will die 
of their disease within 5 years. Although comparison 
with this unrelated group of patients may be faulted, 
our node-negative patients do not show a mortality 
approaching 18 per cent at 5 years, and so histological 
examination of the axillary nodes did provide one of 
the few useful parameters of the spread and prognosis 
of the early disease. We feel that with present advances 
in adjuvant therapy, accurate future management will 
require axillary clearance to form part of the initial 
surgical treatment, and we have shown that this need 
cause little disability. 

Although Forrest and his co-workers have shown 
that pectoral node histology accurately indicates 
axillary node status (Forrest et al, 1976), it is 
becoming clear that a qualitative assessment alone is 
inadequate. Fisher has shown that the more nodes 
which are involved by tumour, the greater risk of 
recurrence and death, using figures from the National 
Breast Project (Fisher et al., 1969). Bonnadonna has 
confirmed these findings and shown that after radical 
mastectomy and adjuvant chemotherapy, the patients 
with fewer axillary metastases have an even better 
survival rate (Bonnadonna et al., 1976). Therefore, to 
base such therapy on incomplete assessment of the 
axilla may not be justified, and the British Breast 
Group have reminded us that in the two main pro- 
spective trials of chemotherapy, selection is based on 
axillary nodes from radical mastectomy specimens 
(British Breast Group, 1976). Constanza (1975) has 
also pointed out that 40 per cent of untreated patients 
with three or fewer tumour-involved nodes will survive 
for 10 years and that the potential risks of doing 
harm cannot be dismissed. It appears that each 
patient should have the benefit of quantitative 
axillary node histology until better methods become 
available. 


Radical mastectomy 23 


Table IV: LOCAL RECURRENCE RELATED TO 
AXILLARY NODE STATUS 


Overall 
Clinical Node Local incidence 
stage histology No. recurrence % C) 
l Negative (A) 227 9 4 51 
ii Negative (C) 29 4 13-8 
i Positive (B) 121 7 5-8 5-4 
ii Positive (D) 46 2 4-3 
Table V: FATE OF CLINICAL STAGE I AND 
STAGE H CASES 
Clinical 
stage 0-5 yr 5-10 yr 10-15 yr 
i No. of 408 No. of 231 No. of 94 
patients patients patients 
Lost 3 Lost 10 Lost 4 
Died ID 30 Died ID 22 Died ID 7 
Died Ca. 59 Died Ca. 28 Died Ca. 8 
«5 88 «10 77 «135 36 
ii No. of 110 No. of 61 | No. of 20 
patients patients patients 
Lost | Lost |] Lost I 
Died ID 8 Died ID 4 Died ID 2 
Died Ca. 32 Died Ca. 14 Died Ca. i 
<5 8 <10 22 <15 0 


There were 39 stage I patients and 17 stage II patients known to 
be surviving after 15 vears. 


Table VI: CLINICAL STAGE I AND H PATIENTS: 
5-, 10- AND 15-YEAR SURVIVAL 


Clinical Survival rate (7; 
stage 5-yr 10-yr 18-yr 
I 79 §2 29 
H 65 . 25 24 


Table VH: ALL CLASSIFIED GROUPS: 5-, 10- 
AND 15-YEAR SURVIVAL 


Clinical Node Survival rate (74) 
stage histology Group S-vr 10-yr 15-vr 
i Nil* A 93 55 55 
i Negative AR 86 65 43 
H Negative CR 90 74 50 
i Positive BR 64 25 9 
H Positive DR 56 15 13 
il Nil* D 40 26 20 





* No nodes available. 


Axillary clearance, if carried out with care, does 
not appear to increase morbidity markedly (Burn, 
1973). At worst it rids the patient of increased tumour 
burden and may allow salvage chemotherapy to be 
more effective (Schabel, 1975). In some hands it has 
increased survival and decreased morbidity for 
patients with involved axillary nodes (Atkins et al., 
1972; Bailey et al., 1973; Adair, 1974; Hayward, 1974). 
It avoids the difficult problem of dealing with recur- 
rence in the axilla (Thomas, 1976) and indicates the 
direction and value of further therapy. 
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Localization of a phaeochromocytoma situated 


in the pelvis by radionuclide scanning 
I. D. A. VELLAR, R. CHMIEL AND J. CAHILL* 


SUMMARY 

Accurate localization of an extra-adrenal (pelvic) phaeo- 
chromocytoma was achieved by radionuclide scanning 
using 99 Tc™-Sn-DTPA. This facilitated the planning 
of the surgical approach and the subsequent removal 
of the tumour. 


THE successful management of a patient with phaeo- 
chromocytoma involves first the making of a correct 
diagnosis and secondly finding and removing the 
tumour or tumours. Von Euler (1951) introduced 
the technique of quantification of catecholamines and 
their derivatives in the urine to diagnose a phaeo- 
chromocytoma and this, with some variation, is still 
the mainstay of diagnostic screening tests. Catechol- 
amine levels may also be measured in blood samples. 
Though most of the difficulties have been eliminated 
in diagnosis, localization of the tumour continues 
to be a problem even though the majority of tumours 
are found in or near the adrenal glands (Graham, 
1951). We wish to report a caseof phaeochromocytoma 
situated posteromedial to the left common iliac artery 
which was accurately located by a simple, non- 
invasive technique—radionuclide scanning. 


Case report 

N. R., a 26-year-old female, had complained of headaches, 
palpitations and excessive sweating for a year. She was found 
to be hypertensive with a blood pressure which varied between 
165/130 mmHg and 200/140 mmHg. Fundal examination 
revealed exudates and a few haemorrhages. Three 24-h urine 
collections were assayed for catecholamines and revealed 
grossly elevated levels of noradrenaline in all specimens— 
925-9. 1559-5 and 1716-9 mg respectively (normal less than 
80 mg/24 h). The adrenaline content was slightly elevated in 
2 of the 3 specimens and normal in 1. The VMA levels in 2 
24-h specimens measured 95 umol and 108 umol respectively 
(normal less than 35 umol). The diagnosis of phaeochromo- 
cytoma was clearly confirmed and its high noradrenaline 
content suggested an extra-adrenal source (von Euler and 
Strom, 1957). Scanning was carried out using a bolus of 
I0 mCi of 99 Tc? stannous diethylenetriaminepenta-acetic 
acid (99 Tc™-Sn-DTPA). 

Initially, a posterior view study was carried out. A hyper- 
vascular area became immediately apparent in the region of 
the left common iliac artery in the angiogram phase (Fig. 1). 
This area did not ‘hold’ the isotope in delayed static images. 
The renal scan was normal and the adrenal areas were not 
visualized. To confirm the presence, nature and depth of the 
hypervascular area the study was repeated from the anterior 
view the next day and the same results were obtained (Fig. 2). 
This added confidence to the diagnosis and strongly suggested 
that the lesion lay near the mid-body section, consistent with 
a retroperitoneal tumour. The patient was prepared with 
phenoxybenzamine and propranolol and when the blood 
pressure had been controlled laparotomy was performed via a 
lower midline incision. 

The phaeochromocytoma, which measured 653 cm, 
was immediately found posterior to the left common iliac 
artery, exactly as predicted by the scan. The left common iliac 
vein was intimately related to its medial border. The tumour 
was removed without difficulty. There was an immediate drop 
in blood pressure from 200 mmHg systolic to 50 mmHg 
systolic. Transfusion with blood and colloid quickly restored 





Fig. 1. Posterior view after injection of 10 mCi 99 Tc™-Sn- 
DTPA showing a hypervascular area (arrow) about the left 
common iliac artery. 





Fig. 2. Anterior view after injection of 10 mCi of 99 Tc™-Sn- 
DTPA confirming the presence of a hypervascular area 
(arrow) about the left common iliac artery. 


the blood pressure to 105 mmHg systolic. The patient developed 
a right lower lobe collapse after the operation which resolved 


rapidly. When seen 1 month later the patient was well with a. 


blood pressure of 105/65 mmHg. Histology of the tumour 
confirmed benign phaeochromocytoma. 
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Discussion 

Charles Mayo (1927) and Shipley (1929) pioneered 
the removal of phaeochromocytoma in the treatment 
of paroxysmal hypertension. They had no means avail- 
able then for accurate diagnosis or localization and 
had to rely entirely on laparotomy findings. Since 
that time a number of techniques have been pressed 
into service in an attempt to localize these tumours. 
Intravenous pyelography sometimes shows renal 
displacement by a phaeochromocytoma but the results 
are inconsistent. Retroperitoneal gas insufflation 
localizes most right-sided adrenal tumours but is of 
little or no use in finding those tumours situated out- 
side the adrenals. Moreover, this technique is not 
without some danger (Hume, 1960). Angiography has 
more recently been championed as an accurate local- 
izing tool which, in theory, should also locate extra- 
adrenal tumours; it is, however, an invasive tech- 
nique and not devoid of risk. Rossi et al. (1968) 
maintain that it should be possible to locate the 
majority of phaeochromocytomas by retrograde 
angiography, employing selective injections if neces- 
sary. However, in the 99 cases of phaeochromocytoma 
which they reviewed, the majority were found in or 
near the adrenals and only one tumour was in the 
chest. 

Baltaxe et al. (1973) claimed that fully 10 per cent 
of all tumours could not be visualized by arterio- 
graphy, even when situated in the adrenal glands. 
For these cases they strongly recommended retro- 
grade adrenal venography. This technique, of course, 
is of no value in localizing extra-adrenal tumours. 
Finally, as first suggested by von Euler and Strom 
(1957), a catheter may be introduced into the inferior 
vena cava, the right atrium and superior vena cava 
and blood samples taken for measurement of catechol- 
amine content. Those samples showing significantly 
elevated levels of noradrenaline and/or adrenaline 
usually correspond to the ‘level’ of the tumour in 
the body. It is wellnigh impossible to lateralize the 
tumours using this technique, which, besides being 
an invasive one, requires some expertise. It has appli- 
cation in helping to locate tumours in the chest 
(Louis and Doyle, 1971; Wilson et al., 1974). 

It is indeed somewhat surprising that with the 
rapid expansion of radionuclide scanning technology 
and knowledge greater use has not been made of this 
technique in the localization of phaeochromocytoma. 
These tumours, by their hypervascularity, should be 
ideally suited to this form of investigation. The first 
positive scan in the diagnosis of a phaeochromo- 
cytoma was reported in 1975 by Petrocelli and Wetzel. 
A glomerular-cleared extracellular agent (99 Tc™-Sn- 
DTPA) was used for routine radionuclide renal angio- 
graphy during the investigation of a hypertensive 
patient. An area of increased radioactivity immedi- 
ately became apparent in the region of the right 
adrenal. This area failed to ‘hold’ the radionuclide 
in delayed static images and it was finally concluded 
that it represented a highly vascular tumour in the 
right adrenal. At operation a phaeochromocytoma 
5 cm in diameter was found in the right adrenal and 
removed. 

Armed with this information we performed a 
similar study in our patient. Both posterior (Fig. 1) 


and anterior (Fig. 2) scans unequivocally demon- 
strated a highly vascular area in the left pelvis. The 
normal adrenals were not visualized. A direct opera- 
tive approach was then made to the highly vascular 
area and the phaeochromocytoma was located im- 
mediately and removed without difficulty. In the light 
of this experience we would recommend radionuclide 
scanning using an agent such as 99 Tc™-Sn-DTPA as 
the first ‘localizing’ investigation in all cases of proved 
phaeochromocytoma. The scan should visualize the 
vast majority of tumours in both tthe adrenal and 
extra-adrenal situation. Normal adrenal glands are 
not visualized by this technique. This technique 
would appear to be better than using the iodochol- 
esterol scan, which, besides taking longer to carry 
out, is of absolutely no value in the location of extra- 
adrenal tumours. If the tumour is not visualized by 
the scan then invasive techniques such as angiography, 
venography and catheter sampling of blood for cate- 
cholamine contents may be employed. 

Scanning has definite advantages as a localizing 
technique in that it is quick, simple and devoid of 
complications. By accurately localizing tumours, 
particularly in the extra-adrenal situation, it enables 
a more precise surgical approach to be made, 
thereby reducing operating time and the risk to the 
patient. 
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Effect of pyloroplasty on gastric emptying: long term 
results as obtained with a labelled test meal 


14-43 months after operation 


R. O. BINSWANGER, P. AEBERHARD, M. WALTHER AND P. VOCK* 


SUMMARY 

The mean gastric transit time (t) and the half-time of 
gastric emptying (t/2) of a labelled test meal have been 
studied in 18 patients more than 1 year after gastric 
surgery for peptic ulcer and compared with those in 
18 healthy controls. 

Of the patients, 6 had undergone proximal gastric 
vagotomy alone (PGV), 6 had had proximal gastric 
vagotomy and pyloroplasty (PGVP) and in 6 truncal 
vagotomy and pyloroplasty (TVP) had been performed. 

The t and t/2 of patients with PGV alone did not 
differ significantly from the values of the control group. 
The t and t/2 in patients after PGVP and TVP, how- 
ever, were significantly lower than in both controls and 
patients after PGV alone. There was no statistically 
significant difference between the groups with PGVP 
and TVP. 

The results of this study suggest that the lasting 
effects of vagotomy operations on gastric emptying are 
due to the drainage procedure rather than the vagotomy. 


Tue effects of vagotomy procedures on gastric empty- 
ing have been studied using a variety of radiological, 
isotopic and intubation methods. Truncal vagotomy 
and drainage lead to a delay in the emptying of solid 
food and to more rapid and uncontrolled emptying of 
liquids. Retention of solid food is temporary and 
seems to be rare after the first year. Most published 
data on effects of vagotomy procedures are relatively 
short term, reporting the results of studies performed 
during the first year after operation. 

The objective of the study presented here was to 
evaluate the long term effects of different operations 
on gastric emptying. Only patients studied at more 
than 1 year after operation have been included. As we 
have patients who have undergone truncal vagotomy 
and drainage and proximal gastric vagotomy with and 
without drainage in our series, an attempt has been 
made to analyse separately the roles of vagal denerva- 
tion of the whole stomach, of the proximal stomach 
only and of the drainage procedure. 


Patients and methods 

Eighteen patients were examined; the youngest was 28 and the 
oldest 59 years old. The mean age was 43 years. All patients had 
undergone gastric surgery for duodenal (14) or pyloric (4) 
ulcer. Seven patients had undergone emergency surgery for 
perforated ulcer. The time between operation and examination 
was 14-43 months, with a mean of 24-6 months. The patients 
were divided into three groups, according to the type of 
vagotomy and whether or not they had had pyloroplasty. 
Group 1 comprised 6 patients with a mean age of 37-6 years 
who had had proximal gastric vagotomy alone (PGV). The 6 
patients of group 2 had undergone proximal gastric vagotomy 
and pyloroplasty (PGVP); their mean age was 40-1 years. 
Group 3 comprised 6 patients who had had truncal vagotomy 
and pyloroplasty (TVP). This group differed somewhat from 
the two others as it contained all 4 pyloric ulcers and 5 of the 
7 patients with a perforated ulcer. The mean age in group 3 
was 50 years. 


Our method for the study of gastric emptying of a labelled 
test meal has been described in detail previously (Aeberhard, 
1977b) and will be summarized here only briefly. After over- 
night or minimal fasting for 6 h the patient is seated in an arm- 
chair in front of a gamma camera (Pho-Gamma HI, Searle) 
with a diverging low energy collimator. The patient is fed 100 g 
of a commercially available instant müesli (Swiss breakfast 
cereal) mixed with 250 ml of milk and marked with 500 uCi 
9"Tc!'à-sulphur colloid. A gamma-11 computer system (PDP 
11/40, Digital Equipment Corporation, Maynard, Minn.) 
starts the data acquisition when the subject begins eating. 
Data are stored in 180 frames of 30 s during 90 min. The 180 
frames are superimposed and the stomach region delineated. 
The time-activity curves are then generated. 

In the present study two parameters of gastric emptying 
have been used: mean transit time (/) and the half-time of 
emptying (7/2). The mean transit time (7) was calculated after 
fitting the whole curve to a gamma-variate (Thompson et al., 
1964; Starmer and Clark, 1970; Aeberhard, 1977b) and using 
the area-over-height method (Meier and Zierler, 1954). The 
half-time (7/2) for the emptying phase of the curve was 
calculated after fitting the downslope of the curve (from 15 to 
90 min) to a monoexponential function (Aeberhard, 1977b). 
The results of 18 healthy volunteers, reported previously 
(Aeberhard, 1977a), were used as controls. 


Results 

In 15 studies the mean transit time (7) and the half-time 
of emptying (7/2) could be calculated with the end of 
the fit at 90 min. The 3 other studies were affected by 
patient movement and the end of the fit had to be set 
at 78 and 53 min in studies of 2 group 3 patients and 
at 74 min in a study of 1 group 2 patient. Figs. 1 and 2 
give the results for the patients of the three groups as 
compared with the controls. Table J summarizes the 
overall results for the mean transit time (£f) and for the 
half-time of emptying (7/2) for the three patient groups 
and the controls, together with the results of the 
statistical analysis (Student's 7 test). 

Although the mean values for f and //2 of the 
controls are slightly higher than those of group | 
(PGV alone), there is no statistically significant 
difference between the two groups. On the other hand, 
the z and 7/2 of groups 2 (PGVP) and 3 (TVP) are 
considerably and significantly lower than those of the 
controls and group 1 (PGV alone). Between group 2 
(PGVP) and group 3 (TVP) there is no significant 
difference, although the values of patients with TVP 
are a little lower than those of patients with PGVP. 


Discussion 

The effects of vagotomy operations on gastric 
emptying can be divided into the effects of vagal 
denervation and those of the drainage procedure. As 
the motor functions of the proximal and distal parts 


of the stomach are different, the effects of vagotomy . 


must be further subdivided. Vagotomy of the proximal 
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Fig. 1. Mean transit time (7) of gastric emptying in 6 patients 
with proximal gastric vagotomy (PGV) alone, 6 patients with 
proximal gastric vagotomy and pyloroplasty (PGVP) and 6 
patients with truncal vagotomy and pyloroplasty (TVP), as 
compared with 18 control subjects (C). 
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Fig. 2. Half-time of gastric emptying (7/2) in 6 patients with 
proximal gastric vagotomy alone (PGV), 6 patients with 
proximal gastric vagotomy and pyloroplasty (PGVP) and 6 
patients with truncal vagotomy and pyloroplasty (TVP), 

as compared with 18 control subjects (C). 


stomach abolishes the vagally mediated adaptation of 
the gastric reservoir to a volume load (Stadaas and 
Aune, 1970; Abrahamsson, 1973). Loss of gastric 
adaptation leads to an increase of the pressure 
gradient across the gastroduodenal junction, which is 
the main factor controlling the emptying of liquids 
(Wilbur and Kelly, 1973). Vagal denervation of the 
proximal stomach is thus expected to increase the 
rate of emptying of liquids (Clarke and Alexander- 
Williams, 1973; Moberg, 1974). 

Vagotomy of the distal stomach affects antral 
peristalsis and the terminal antral contraction. The 
antropyloric functional unit controls the emptying of 
solid food (Dozois et al., 1971; Wilbur and Kelly, 
1973). Retention of solid food after vagotomy is due to 
a weakening of antral peristalsis and interference with 
the terminal antral contraction (Nelsen et al., 1967; 
Kelly and Kennedy, 1975). Pyloroplasty is expected 
to affect the emptying of liquids as well as that of 
solids. Liquid emptying is accelerated by a decrease in 
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Table I: MEAN TRANSIT TIME AND HALF-TIME OF 
EMPTYING FOR CONTROLS AND PATIENTS 
HAVING HAD ONE OF THREE OPERATIONS 


Controls Group 1 Group 2 Group 3 
(a= 18) (1 == 6) (n = 6) (n= 6) 
ftisd.  101b8::185 1028-249 735-184 665-173 
(min) 
!ij2t1sd. 7814177 7374236 4454159 422.4173 
(min) 





Significance for r/2: 

Controls v. PGV, n.s. 
Controls v. PGVP, P<0-0025 
Controls v. TVP, P —0-0005 


Significance for t: 

Controls v. PGV, n.s. 
Controls c. PGVP, P —0-0025 
Controls v. TVP, P —0-0005 


PGV v. PGVP, P c0:05 PGV v. PGVP, P 0:025 
PGV v. TVP, P 0:005 PGV v. TVP, P« 0-025 
PGVP v, TVP, n.s. PGVP vr. TVP, ns. 


the resistance across the gastric outlet. As shown by 
Dozois et al. (1971) the rate. of emptying of solids is 
increased by distal antrectomy. This effect is due to the 
loss of the terminal antral contraction, which prevents 
solid food particles from leaving the stomach until 
they have been reduced to a very small size by grinding 
in the ‘antral mill’. The effects of pyloroplasty on the 
emptying of solids are similar to the effects of distal 
antrectomy. 

A delay of solid meal emptying has been shown to 
occur in varying degrees at 1 week to 6 months after 
truncal vagotomy and pyloroplasty and truncal 
vagotomy and antrectomy (Cowley et al, 1972: 
Hancock et al., 1974; Howlett et al., 1974; Kalbasi 
et al., 1975; Donovan et al., 1976). This effect appears 
to be only temporary. At 1 year after TVP there is 
little if any delay as compared with healthy controls 
(Cowley et al., 1972). The effects of PGV on solid 
emptying are much less marked and have been 
reported as absent or inconspicuous and reverting to 
normal more rapidly than the effects of TV (Howlett 
et al.,1974; Kalbasi, 1975). In onestudy (Colmer et al., 
1973) the rate of gastric emptying of a labelled 
standard breakfast as measured by 7/2 was found to be 
slightly but not significantly faster than normal when 
measured at 9 weeks to more than 1 year after 
vagotomy and pyloroplasty. 

It must be pointed out that in none of the studies 
cited here was the test meal strictly solid. All the test 
meals used in these reported studies have a liquid 
component, and in some of them the liquid com- 
ponent was used as a carrier for the radioactive tracer 
substance. To our knowledge the only methods which 
measure strictly the emptying of solids are those 
reported by Heading et al. (1976), who used filter- 
paper chips as a marker of the solid phase of a meal, 
and by Meyer et al. (1976) and Güller et al. (1977), 
who used chicken or rabbit liver marked in vivo with 
"Tc. These authors showed the emptying pattern of 
solid food to be linear, whereas the emptying of 
liquids is exponential. As pointed out by the authors 
of both these papers, the tracer disappearance from 
the stomach in studies using a labelled standard 
breakfast represents partly, or in some cases even 
predominantly, the emptying of the liquid compo- 
nent. As the stomach handles the solid and liquid 
components of a meal differently, the results of studies 
with labelled test meals are heavily affected by the 
details of the method used. Differences in the results of 
various observers may be due to the different compo- 
sition of the meals used and to differences in the 
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distribution of the radioactive tracer substance 
between the solid and liquid components of the meal. 

Emptying of liquids is hastened after vagotomy and 
drainage (Cobb et al., 1971; Alexander-Williams et al., 
1973; Faxén et al., 1973). As pointed out above, this 
effect is a consequence both of the denervation of the 
proximal stomach and of the pyloroplasty. Recovery 
from the effects of vagal denervation of the proximal 
stomach may be expected to occur to some degree, 
but the mechanical consequences of the pyloroplasty 
are, of course, irreversible. 

In the present study no slowing of gastric emptying 
of a semi-solid test meal was found at 14-43 months 
after PGV, PGVP or TVP. After PGV without 
drainage gastric transit times were not different from 
controls and thus no lasting effects of PGV could be 
demonstrated with the method used. In contrast, both 
the group with PGVP and with TVP showed signifi- 
cantly more rapid emptying than either the controls or 
the patients who had undergone PGV without 
drainage. There was no significant difference between 
the emptying rates in the groups with PGVP and 
TVP. Thus there was no separation of groups accord- 
ing to the type of vagotomy but only according to 
whether or not a pyloroplasty had been performed. 
This result is in accordance with an earlier clinical 
study which showed that in patients having had 
pyloroplasty alone, postprandial symptoms are 
present in almost the same proportion as in patients 
who have had a truncal vagotomy as well as a pyloro- 
plasty (Douglas and Duthie, 1972). 

In our study two parameters of gastric emptying 
have been calculated: mean transit time, by fitting the 
whole set of data from the start of the meal to a 
gamma variate, and the half-time of emptying as 
obtained by exponential fitting of the downslope of 
the time-activity curve. As shown in Figs. 1 and 2, 
there 1s a tendency to a clearer separation of groups 
when using ¢ rather than //2, but superiority of 
transit time is not borne out at the level of statistical 
analysis. Nevertheless, the results of our study 
encourage us to continue the use of mean transit time 
for presenting the findings in gastric emptying studies 
with composite test meals. 


Conclusions 

The results of this study suggest that lasting effects of 
vagotomy operations on gastric emptying are due to 
the drainage procedure rather than to the vagotomy. 
The emptying pattern after PGV is no less abnormal 
than after TV as long as the preservation of antral 
vagal innervation is combined with a drainage pro- 
cedure. The combination of PGV with a drainage pro- 
cedure appears to be both unnecessary and harmful. 
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The effect of small bowel bypass 


on diabetes mellitus 


J. W. L. FIELDING AND R. M. BADDELEY* 


SUMMARY 

The effect of jejunoileostomy on fasting blood sugar, 
glucose tolerance, hypoglycaemic therapy and weight 
reduction has been studied in 13 massively obese dia- 
betic patients. 

The average weight reduction was 36:7 per cent of 
the preoperative body weight. As a result, 12 patients 
resumed normal fasting blood sugars and 8 showed 
normal glucose tolerance tests, A significant improve- 
ment in the glucose tolerance tests of the remaining 5 
patients was seen. None of the patients required long 
term hypoglycaemic therapy after the small bowel 
bypass. 


JEJUNOILEAL bypass surgery is an accepted form of 
treatment of refractory, gross, simple obesity. Apart 
from effecting a sustained reduction in weight, correc- 
tion of hypercholesterolaemia and psychiatric and 
social rehabilitation it may have a beneficial effect 
upon the control and management of diabetes mellitus. 
This paper reports the results of jejunoileostomy in 
13 obese diabetic patients. 


Patients and methods 

Thirteen of 196 patients undergoing jejunoileal bypass for 
gross obesity between the years 1972 and 1976 were diabetic 
as assessed by glucose tolerance tests. All weighed at least 
45 kg or 100 per cent above standard body weight for their 
age, sex and height. They were submitted to the following 
bypass procedures: 

1. The proximal 35 cm of jejunum was anastomosed end- 
to-side to the terminal ileum, 10 cm proximal to the ileocaecal 
valve (11 patients). 

2. The proximal 35 cm of jejunum was anastomosed end- 
to-end to the terminal ileum 10 cm from the ileocaecal valve, 
the redundant ileum being anastomosed end-to-side to the 
ascending colon (1 patient). 

3. The proximal 10 cm of jejunum was anastomosed end- 
to-side to the terminal ileum 35 cm proximal to the ileocaecal 
valve (1 patient). 

There were 2 males and 11 females whose ages ranged from 
25 to 56 years (average 44-9 years). Four were known diabetics 
on oral hypoglycaemic agents; 3 of these had abnormal glucose 
tolerance tests (GTT). The fourth patient did not have a pre- 
operative GTT. Nine patients were asymptomatic and were 
diagnosed as diabetics by a preoperative GTT. Five patients 
had a family history of diabetes. l 

In all the patients the effects of jejunoileal bypass on fasting 
blood sugar levels, GTTs, weight and diabetic management 
were assessed postoperatively and compared with the patients’ 
preoperative status. 

The GTTs were performed routinely on all cases being 
investigated for obesity while they were on normal diets. The 
type of test used was the oral administration of 50 g glucose 
load following a fasting blood sugar, with capillary blood 
sugar assessments at 30-min intervals for 2h. The normal 
values were: fasting, 38-67 mmol/l; 30 min, 6:1-10-0 mmol/l; 
60 min, 7-2-10 mmol/l; 90 min, 38-88 mmol/l; 120 min, 3-8-- 
6:7 mmol/l. 


Results 


Fasting blood sugars 
These were above 6-7 mmol/l in 11 patients preopera- 
tively. Postoperatively, 12 had normal fasting levels, 
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Fig. 1. Comparison of preoperative and postoperative 
fasting blood sugars. 


all considerably lower than the preoperative values. 
A considerable lowering of the fasting sugar level 
was also noted in the 1 patient whose postoperative 
level remained abnormal (Fig. 1). 


Glucose tolerance tests 

These have been interpreted according to the recom- 
mendations of the Royal College of General Practi- 
tioners (1962) as below: 

1. ‘Diabetic’ abnormality: All those tests in which 
the 1-h capillary sugar exceeded 10-0 mmol/l and the 
2-h sugar 6:7 mmol/l. These have been subdivided 
into (a) florid diabetes, where the fasting value was 
61-72 mmol/l, and (b) GTT diabetes, where the 
fasting value was below 6-1 mmol/l. 

2. ‘Miscellaneous’ abnormality: This group has 
been subdivided into (a) those in whom the fasting 
value exceeded 6:1 mmol/l but the 2-h value was below 
6-7 mmol/l; (6) those in whom the figure at 1} h ex- 
ceeded 8 mmol/l and the 30-min or 1-h figure or both 
exceeded 10-0 mmol/l while the fasting level was below 
6:1 mmol/l and the 2-h figure below 6-7 mmol/l; and 
(c) those in whom the 2-h figure exceeded 6:7 mmol/l 
while the fasting and 1-h figures were normal. 


* jJ. W. L. Fielding, Health Services Research Centre, Bir- 
mingham University Medical School, Edgbaston. R. M. 
Baddeley, General Hospital, Birmingham. 


3. Lag storage curves: Values over 10:0 mmol/l at 
30 min and 1h, with fasting, 14-h and 2-h values 
within normal limits. 

The results of the GTTs in the 13 jeiunoileostomy 
patients are given in Table I. Postoperatively, 8 GTTs 
attained normality. Normal GTTs occurred from 12 
to 30 months postoperatively (Table ID; those with 
abnormal curves had their tests performed from 9 
to 44 months postoperatively. Only 1 postoperative 
curve is that of florid diabetes, the other 4 curves 
having changed from exhibiting a ‘diabetic’ abnor- 
mality to a ‘miscellaneous’ curve. 


Weight reduction 

This was considerable in all patients, showing an 
average reduction of 36-7 per cent from the prejejuno- 
ileostomy levels. It is noticeable that the weight loss 
in those with a normal GTT (average loss 41-7 per 
cent) was greater than in those with an abnormal GTT 
(average loss 28-8 per cent). 


Diabetic management 

After bypass all patients returned to a normal diet 
and none required long term hypoglycaemic medica- 
tion, although 5 did so for up to 6 months postopera- 
tively. No patient required insulin at any time. 


Discussion 

The incidence of abnormal GTTs in the population 
as a whole is 2:57 per cent (College of General Prac- 
titioners, 1962) and is known to be higher in obese 
persons. The incidence of abnormal GTTs among our 
highly selected group of patients undergoing jejuno- 
ileostomy was 6:6 per cent, 

The return to normality of the GTTs after jejuno- 
ileostomy may be due to malabsorption of glucose 
from the small intestine or to the reduction in obesity 
producing control of the diabetes, possibly because 
of increased insulin sensitivity. 

Jejunoileostomy leaves only 45 cm of small intes- 
tine available for absorption of nutrients. Shibata et 
al. (1967) have demonstrated that malabsorption 
occurs using the d-xylose absorption test. However, 
at 12 months they found that absorption of d-xylose 
was normal. This improvement could be the result of 
functional compensation in the remaining small intes- 
tine. Dowling and Booth (1966) demonstrated the 
development of such compensation when studying 


Small bowel bypass for diabetes mellitus — 31 
Table I: GLUCOSE TOLERANCE TEST TYPES 
BEFORE AND AFTER OPERATION 
Preop. Postop. 
Diabetic abnormality 
Florid 9 1 
Fasting >61 mmol/l 1 — 
Fasting <6-1 mmol/l i — 
Miscellaneous: 
A l iod. 
B s FIM 
C — 4 
Lag — — 
Normal — 8 
No GTT Í — 


glucose absorption following small bowel resection. 
Shibata (1967) reported ‘flat’ GTTs in patients 
assessed up to 12 months postoperatively and re- 
ported this as typical of malabsorption. Certainly 3 
of the patients in our group exhibited this type of 
GTT, but 2 of these results occurred in patients in 
whom absorption would be expected to be normal: 
thus a 'flat' curve is probably not always related to 
malabsorption. 

By 12 months carbohydrate absorption appears to 
be normal, and if malabsorption alone was the 
important factor then the GTT should again become 
abnormal. This was not the case: 6 patients assessed 
after 12 months in this study had a normal GTT. 
This suggests that weight reduction was a significant 
factor, and one of our patients (no. 6) supports this 
contention particularly well. The preoperative GTT 
was diabetic and at 12 months a ‘flat?’ GTT was 
recorded. At 18 months the small bowel bypass was 
taken down and bowel continuity restored to normal, 
but the GTT, reassessed 6 months later, was normal. 

Five patients exhibited an abnormality in post- 
operative GTT. Preoperatively 4 of the patients (the 
fifth, a known diabetic, did not have a GTT) had the 
criteria of florid diabetes, but postoperatively the 4 
curves no longer exhibited this abnormality, having 
changed to the miscellaneous type. The weight reduc- ` 
tion in 3 of these (patients 9, 11, 13 in Table II) was 


21-2-32:3 per cent (average loss 27-4 per cent) and ~ 


the GTTs were done relatively early (between 9 and 
14 months postoperatively). The weight loss in those 


Table H: WEIGHT AND GTT IN 13 DIABETIC PATIENTS BEFORE AND AFTER OPERATION 


Weight Time of 
af GTT postop. 
Patient Preop.  Postop. Postop. wt assessment 
no. (kg) (kg) ?4 loss cf. SBW Preop. Postop. {mth 






















i 103-48 60-40 50-97 — $35 Florid Normal 24 
2 115-00 61:8 48-26 — 6494 Diabetic < 6-1 Normal 22 
3 168-80 92-00 45-49 +-16-6%% Diabetic > 6:1 Normal 27 
4 177-80 98-20 44-77 4-321555 Florid Flat-+ normal 24 
5 156-24 90-90 41-88 + 463% Florid Flat -+ normal 18 
6 93-00 56-10 39-14 —15:05, Misc. A Flat- normal i2 
7 154-60 104-50 32-40 -+ 58:07, Florid Normal 12 
8 144-50 100-70 30:31 F51-977 Florid Normal 30 
9 88-00 59-60 32-37 +110% Florid Misc. C 12 
10 144-60 91-60 36:65 432-375 Florid Misc. C 24 
11 140-50 100-00 28-83 4- 45-0% Florid Misc. C 9 
12 143-60 107-50 25-13 -+ 69-07; Not done Florid 44 
13 127-50 100-50 21:18 + 31-89% Florid Misc. C 14% 
SBW, Standard body weight. 















— 2 J.W. L. Fielding ahd R. M. Baddeley 


with normal GTTs was greater, ranging from 30:3 
to 51-0 per cent (average loss 41-7 per cent). The other 
patient with a miscellaneous curve (no. 10) demon- 
strated the importance of weight loss: a GTT at 12 
months, when the weight loss was 31-2 per cent, was 
that of a florid diabetic, but at 24 months, when the 
weight loss was 367 per cent, the GTT could be 
categorized as showing a miscellaneous abnormality. 
One patient (no. 12) had a florid diabetic abnor- 
mality at 44 months postoperatively, when weight 
had been reduced by 25-1 per cent. This degree of 
weight reduction was insufficient to effect an improve- 
ment in the GTT, and as further weight reduction is 
unlikely more than 24 months after bypass (Baddeley, 
1976), it is probable that this curve will remain 
‘florid’. These changes support the contention that 
weight reduction is a significant factor in controlling 
diabetes in these obese patients. 

The relationship between diabetes and obesity re- 
mains unclear. Inadequate insulin production from 
the pancreas, insulin antagonism and final pancreatic 
exhaustion. appear to be important factors. The 
critical weight at which an obese person reveals his 
diabetic tendency is uncertain. Certainly the average 
excess weight in this group was high. Postoperatively 


= only 4 patients were within 15 per cent of their stan- 


dard body weight (Table II), the remainder being 
32-5-69-0 per cent above their standard body weight. 
Despite the persistence of considerable obesity, how- 
ever, glucose tolerance was normal. 

Management of the obese diabetic remains a prob- 
lem. Oral hypoglycaemic agents may become ineffec- 


1n > tive. Control may be achieved by weight reduction, 


` but the long term results of dieting alone are notori- 
-ously poor. Richardson (1953) was able to produce 
—--eontrol in only 5 out of 34 diabetic patients by this 
- means alone, contrasting with the beneficial effects 


— - of small bowel bypass in our series. 


Preoperatively 4 patients received oral hypo- 
glycaemic therapy, and postoperatively another patient 
was considered to need such therapy. These 5 patients 
continued with oral hypoglycaemics for up to 6 
months, by which time weight reduction was between 
18 and 28-7 per cent. Therapy was discontinued and 
has not been required subsequently in these or any 
other patients. It seems unlikely that oral hypo- 
glycaemic therepy is required postoperatively, and 
this is to be our policy in future cases. 

In conclusion, jejunoileostomy is effective in re- 
storing normal glucose tolerance. Previously, this 
has been attributed to malabsorption of glucose, but 
we feel that the weight reduction which follows this 
operation is a significant factor in effecting long term 
glucose tolerance. 

However, in view of the significant complications 
which sometimes arise as a result of this operation 
(Baddeley, 1976), it should be reserved for the grossly 
obese patient who has remained refractory to many 
years of conventional dietary restriction. 
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The Horsley-Clarke stereotaxic apparatus" 


PETER H. SCHURR AND W. R. MERRINGTONT 


SUMMARY 

Robert Henry Clarke was responsible for the applica- 
tion of mathematical principles to neurophysiology and 
the invention and construction of an apparatus which 
would allow Sir Victor Horsley to make electrolytic 
lesions in the roof nuclei of the cerebellum. In order 
to be able to make lesions at any other desired point 
of the brain of a cat or monkey, Clarke and Horsley 
constructed an atlas based on photographs of sections 
to be used in conjunction with the instrument. The 
original apparatus was made in 1905 and papers on 
its use and on the atlas were published in 1908, 1911 
and 1914. This advance was the basis of modern stereo- 
taxic surgery and of a very large part of the work on 
neurophysiology that is carried out today. 

Clarke gave his original apparatus to F. J. F. Bar- 
rington, genitourinary surgeon at University College 
Hospital and neurophysiologist. It was lent to various 
other workers in Oxford and elsewhere and was last 
used by Barrington in 1953 or 1954. It then disappeared 
following his sudden death in 1956. Various other pieces 
of apparatus were built, some of which are of historical 
importance in their own right, and these are referred 
to in the paper. 

Some parts of Clarke's apparatus, including a special 
grid for transferring measurements from the atlas to 
the instrument and a spinal stereotaxic instrument, 
were found and described by E. R. Hitchcock in 1960. 
One of us (W. R. M.) succeeded in locating the original 
apparatus in 1970. It is now in the museum of University 
College Hospital, London. 


THE invention of the stereotaxic technique was one of 
the most significant advances in the development of 
neurophysiology, and interest in the apparatus de- 
signed by Robert Henry Clarke has been widespread. 
Until recently, the whereabouts of the original appar- 
atus was unknown, although a similar instrument was 
in existence in the United States. Clarke first worked 
with Victor Horsley in 1888, in which year he pub- 
lished a paper on experimental research on roaring 
in horses (Clarke, 1888). He collaborated with Hors- 
ley in his experimental work on the function of the 
cerebellum and published a paper with him on the 
intrinsic fibres of the cerebellum, its nuclei and its 
efferent tracts in 1905 (Horsley and Clarke, 1905). 
Horsley realized that in order to discover the func- 
tion of the cerebellar nuclei it was necessary to be 
able to stimulate or destroy the deep tracts and nuclei 
without interfering with other parts. He concluded 
that electrolytic lesions would achieve this if only the 
electrodes could be accurately placed. He tried making 
lesions with high tension bipolar currents and mono- 
polar faradism, but abandoned these in favour of 
electrolytic lesions produced by needle electrodes 
made of iridioplatinum within insulated glass tubes. 
However, he was thwarted by his inability to know 
where the tip of his electrode lay and this was the 
problem which he brought to Robert Clarke. He 
always referred to the instrument as Clarke's appar- 
atus, and there can be no doubt that although Horsley 


provided the stimulus, it was Clarke who was 
responsible for the idea and its achievement. 

There are several biographies of Sir Victor Horsley 
and his life story is comparatively well known (Paget, 
1919). However, relatively little is known about 
Robert Clarke, and one of the most informative bio- 
graphies is to be found in an article by Richard Davis - 
(1964). He was about as opposite to Victor Horsley 
as it is possible to imagine. He represented his Cam- 
bridge college in cricket, football and rowing, and 
throughout his life he was fond of hunting, shooting 
and golf. He loved cigars and pipes, and he had no 
misgivings about the use of alcohol. He worked as a 
physiologist at St George's Hospital from where he 
had graduated in 1876, and when he first collaborated 
with Horsley, it was at the Brown Institute. Their 
later work was carried out in the laboratory which 
Horsley used in the Department of Pathological 
Chemistry in University College, London. This 
laboratory no longer exists, but was situated on the 
left of the entrance gates to University College in 
Gower Street, 

It was Clarke's inspiration to apply geometry to 
the study of the brain. He realized that there was no 
constant relationship between the skull and the struc- 
tures within the cranium, and that the only way to 
find out where to place an instrument in a given 
internal part was to build a map on which everything 
could be related to three zero planes. His basic plane 
was a horizontal one between the centre of the external 
auditory meatus and the inferior orbital margin, the 
second was a frontal plane at right angles to this and 
the third was a perpendicular one dividing the hemi- 
spheres. He devised a special saw with which he cut 
frozen sections of the brains of cats and monkeys 
which were only 2 mm thick. The relationship of the 
brain to the surface of the skull was marked by pass- 
ing long ivory needles through the external auditory 
meati before the brains were frozen and cut. From 


this information, he built an atlas of the brains of the 


cat and the Rhesus macacus. In order to adjust the 
map to compensate for variations in the size of 
different specimens, he produced a variable grid on 
which the sizes of squares formed by crossing strands 
of silk could be altered by tilting the bars on which 
the strands were stretched (Fig. 1). Map references 
to structures within the brain were produced at levels 
of 10 mm and the stereotaxic instrument was gradu- 
ated so that the needle electrode could be placed in 
the required position. This work culminated in a 


preliminary report to a meeting of the British Medical. d 
Association in Toronto (Clarke and Horsley, 1906) 
which was followed by the definitive paper entitled — 


‘Structure and functions of the cerebellum’ (Horsley 
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and Clarke, 1908). The atlas of sections of the brain 
of the cat and monkey was published later (Clarke 
and Henderson, 1911; 1914; 1920). 

The apparatus consists of a frame made of brass 
and applied to the head of the animal by means of 
rods attached to plugs inserted into the external 
auditory meati and adjustable bars which rest on 
the nose and orbital margins. It is fixed to the skull 
by pins which are screwed in laterally. The electrode 
is supported by a longitudinal bar which can itself 
be moved in a lateral direction, the electrode holder 
being movable in an anteroposterior and vertical 
direction. The movement of the electrode was limited 
to these three planes at right angles to each other, 
although later models introduced the possibility of 
insertion at an angle. The original apparatus (Fig. 2) 
was made in 1905 by Mr J. Swift of Palmer and 
Company and it was first used in 1906. Ernest Sachs 





Fig. 1. Clarke's grid. Original apparatus for converting 
measurements in his atlas to individual requirements. 





was working with Victor Horsley at this time, and 
he had another model of the original apparatus made 
for him. He took it back with him to the United 
States, and it was eventually given to the University 
of California at Los Angeles, where it is now to be 
seen. That this apparatus is a precise replica of the 
original has been verified by comparison of a photo- 
graph kindly supplied by Professor H. W. Magoun. 
In addition to producing a cerebral stereotaxic appar- 
atus, Clarke invented a similar instrument for use on 
the spinal cord, though this has been of less signi- 
ficance in the development of physiology (Fig. 3). 
Clarke gave his original apparatus to F. J. F. Bar- 
rington, a genitourinary surgeon at University Col- 
lege Hospital who also retained a lifelong interest in 
experimental physiology and who was responsible for 
much early work on the micturition reflexes in the cat. 
He used Clarke's apparatus for experiments which he 
reported in the Quarterly Journal of Experimental 
Physiology and elsewhere (Barrington, 1914, 1925). 
After the publication of the famous paper in 1908, 
the partnership between Clarke and Horsley broke up. 
Clarke drifted away from neurophysiology to become 
a general practitioner in Croydon. He went to Italy 
during the winter in order to escape the climate in 
England and he died in Paris on 22 June 1926. Shortly 
before this, Mr Swift wrote to him to ask permission 
to construct another apparatus for Dr E. A. Spiegel. 
A copy of the reply to this letter was given to 





Fig. 2 a, The original Horsley-Clarke stereotaxic apparatus seen in the view illustrated in Brain (1908). b, View from above. 


Barrington by Professor H. A. Harris (Professor of 
Anatomy at University College, London, and later 
at Cambridge University). It is dated 13 December 
1925, from the Hotel Bristol, Bordighera, Italy. 


I am very glad to hear they want an instrument in Vienna... I 
have given my first instrument which you made, as you 
mention, 20 years ago to Mr F. J. F. Barrington who is working 
for the Rockefeller Foundation-Surgical Unit. His Room is 
No. 13, 4th floor, University College Hospital Medical School, 
Corner of University Street and Gower Street. Mr Barrington 
is working with that instrument now and has done an excellent 
piece of work with it which he has published in Schafer's 
Quarterly Journal of Physiology, I think the last or last number 
but one. Barrington would be useful to you in this matter as I 
am away and would I am sure give you any help he could. It is 
unfortunate that I am away as the old instrument is quite 
obsolete now. I had a new one made, in fact two, one of which 
| used a good deal and which is a great improvement on the 
first and then I made some more important improvements 
which were embodied in what is practically a third instrument. 
I sold this instrument or instruments to Johns Hopkins 
University, Baltimore, and a part of the purchase terms was 
that they should publish a description of these instruments 
which they did. I don't suppose you have seen it but I have 
some spare copies—I think my housekeeper can find them and 
I will tell her to send you one and I can let you have one for 
Dr Spiegel if they have not got one. I don’t know whether you 
could make the instrument from this description. I think you 
could especially as I think I or Barrington could supplement the 
description if it was not sufficient. They have got the only 
instrument in the complete form at Baltimore and there is a 
rather important improvement which I have thought of since 
which I think ought to be embodied in a new instrument, it is in 
the method of attaching the frame to the head. I have spoken 
about it to Barrington who I think has a fair idea of my 
intention but its application has got to be worked out. If you 
do make an instrument I think it is desirable that it should be 
up to date. There are some excellent drawings of the instrument 
in the patent of which I have also some copies. I rather doubt 
whether my housekeeper could find them but perhaps she may. 
I will tell her to try. 

I only patented the machine till I got the description published 
for I suffered from several attempts to pirate the invention—l 
did not maintain the patents and they have all lapsed. 1 am 
afraid you will find it an expensive instrument to make. 
Goodwin who worked for Palmer made the second instrument 
and Velacott, who is dead, the third. They told me before the 
War they did not think they could turn out the complete 
instrument for less than £300, but Mussen who was working in 
Germany made enquiries out there and said he could get it 
made for much less—anyhow I suppose things are a good deal 
dearer now. I am rather afraid that when Dr Spiegel finds out 
what it will cost he won't have it. . . 


It seems likely that the second instrument referred 
to is the one which was bought by Sachs and made by 
Goodwin, and that the instrument at the Johns Hop- 
kins University is the one made by Velacott. Barring- 
ton continued to work with the first instrument in 
collaboration with several people and latterly with 
Margaret Hill, the daughter of Professor A. V. Hill. 
He lent the apparatus to various workers in Oxford and 
it was known that Barrington himself used it in the 
Royal Veterinary College where Professor Amoroso 
had given him facilities to work in his laboratories. 
Barrington died on 26 March 1956. 

The Sachs instrument was used by Hinsey in 1926 
(Hinsey, 1961) and in the summer of 1930 Ingram 
and Ranson had an apparatus constructed and em- 
polyed in their work on the red nucleus and other 
fields of physiological exploration (Ingram et al., 
1932). Their work stimulated others, and later models 
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Fig. 3. Clarke's spinal stereotaxic apparatus viewed from 
above. 


Fig. 4. Needle electrodes. From left to right: bipolar iridio- 
platinum wires sealed in fused glass tubes; a similar mone 
polar electrode; a monopolar electrode insulated with 
shellac. VS 
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and variations of the original instrument were pro- 
duced. The apparatus became an essential tool for 
animal experimentation in neurophysiological re- 
search. 

Up to now the technique had not been applied to 
man, although Clarke, who had been considerably 
upset by the mortality of brain surgery in his day, 
had thought that his instrument would enable brain 
tumours to be treated by electrical means or by the 
implantation of radium, and that it might be possible 
to relieve pain by coagulating tracts within the brain 
through a 5-mm hole in the skull (Jefferson, 1957). 

When Dr Spiegel inquired about the production 
of an apparatus in 1925 he was living in Vienna; he 
then emigrated to the United States and joined H. T. 
Wycis, with whom he applied the stereotaxic idea to 
human surgery. The frame of their original apparatus 
was attached to the head by means of a plaster cap 
and their work was reported in 1947 (Spiegel et al., 
1947). They recommended that operations on the 
dorsomedian nucleus of the thalamus would be prefer- 
able to the standard leucotomy operations which were 
in vogue and which were later to bring psychosurgery 
into disrepute owing to their unwanted side effects. 
Spiegel and Wycis had taken the big step of moving 
from animals to man, but the apparatus and tech- 
nique were clumsy and they did not have a map. 
About 4 years later interest in stereotaxic surgery 
was stimulated by the surgical techniques for the 
treatment of Parkinsonism which were being de- 
veloped by Cooper (Cooper, 1961). Lesions in the 
globus pallidus and later in the lateral ventral nucleus 
of the thalamus were often aberrant. Many pieces 
of stereotaxic apparatus were developed and these 
form the basis of those which are in use at the present 
time. 

Barrington died suddenly in March 1956 and his 
room in the Medical School at University College 
Hospital (referred to in the letter from Clarke) re- 
mained untouched for 2 years. It was then emptied 
and the contents were transferred to the room of the 
curator of the museum (W. R. M.). They were accom- 
panied by a note from the Steward which read as 
follows: 


Horsley/Clarke apparatus. These pieces were found in 
Mr Barrington's Room. I have been unable to find out where 
the remainder is but I think he must have loaned it out. There 
are some further books in reference to it and writings of Clarke 
which I have handed to Mr Picton-—Library. 


A number of pieces of stereotaxic apparatus were 
found, contained in a biscuit tin, and it was thought 
that these might be from the original instrument 
(Hitchcock, 1971). However, in view of what was 
later discovered, it is clear that they were additional 
parts, although the original cerebellar electrode holder 
and some original electrodes were contained in the 
biscuit tin in which they were found (Fig. 4). Amongst 
this equipment was the original moveable grid men- 
tioned above (Fig. 1) and the spinal apparatus (Fig. 3). 

It was realized (W. R. M.) that the original appar- 
atus had not been found and various people who had 
worked with Barrington were spoken to without 
success. Intense interest in the original apparatus had 
been aroused, and following an offer to pay for an 
exgct copy made on the basis of the original drawings, 
the blue-prints referred to in the letter from Clarke 
were obtained from Palmer and Company. However, 


before work on the replica had started, the original 
instrument (Fig. 2) was found. 

After many fruitless inquiries of various people 
who had known Barrington, eventually Mr Langford, 
a technician in Professor Amoroso's department, was 
asked if he knew the whereabouts of the apparatus. 
He then produced a mahogany box from a cupboard 
on the first floor of the Royal Veterinary College 
which contained the original model. Comparison 
with the blue-prints and the illustrations in the 1908 
paper together with the provenance authenticated by 
Clarke himself in the letter to Swift confirmed the 
identification. The apparatus was brought back to 
University College Hospital Medical School on 29 
April 1970. 

There are still many possibilities for the application 
of stereotaxic methods in neurosurgery and neuro- 
physiological research. The achievements of the future 
may be as great as those which have already been 
attained. The credit for this discovery belongs to 
Robert Henry Clarke, who used his genius to apply 
a simple principle out of its usual context, and no 
litlle credit also belongs to Mr Swift who built this 
beautiful apparatus with the skill of a true artist. 
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Flow and function in machine-preserved kidneys 
DEREK SAMPSON, H. MYRON KAUFFMAN JUN, AND 


PETER WALCZAK* 


SUMMARY 

One hundred machine-preserved cadaver kidneys were 
transplanted irrespective of their flow rates on the 
preservation machine. Twenty-five per cent had flows 
of below 100 ml/min and 11 per cent had flows of 
below 80 ml{min. There was no correlation between 
the flow rate and function at 1, 3 or 12 months. There 
was no difference in the flow rate between those kidneys 
which functioned immediately and those which never 
functioned, A fall in flow rate was associated with acute 
tubular necrosis of longer duration but eventual func- 
tion was not impaired. There was a higher incidence of 
early aggressive rejection in kidneys which functioned 
immediately. Preservation failure per se is a rare cause 
of primary non-function. Adherence to a policy of 
ignoring the flow characteristics of machine-preserved 
kidneys could make up to 25 per cent more kidneys 
available for transplantation. 


MACHINE preservation of kidneys before transplanta- 
tion is now widely practised and there can be no doubt 
that the technique permits longer storage of kidneys 
than simple cooling and washout methods. It has 
been argued that one of the major advantages of 
machine preservation is that an assessment of the 
quality of the kidney can be made on the basis of its 
perfusion characteristics while on the machine (Belzer 
and Kountz, 1970). As a result, it has become com- 
mon practice to discard kidneys with a flow rate of 
less than 100 ml/min (Belzer, 1974) or 80 ml/min 
(Sterling et al., 1972). There is little objective evi- 
dence to support this policy and the arbitrary nature 
of these decisions has been admitted (Baxby et al., 
1974). In view of this, we decided that kidneys would 
not be discarded on the basis of flow rates while on 
the machine, and the results of adopting this policy 
in our last 100 cadaver transplants are reported here. 


Materials and methods 

While most of the cadaver kidneys were harvested locally, 
some were accepted from other centres within the USA. The 
kidneys were obtained from heart-beating donors and no 
pretreatment was given. In some instances a period of cold 
storage occurred before the organs were perfused on the 
machine. Two preservation systems were used—the Belzer 
LI-400 system and the Waters MOX 100 system. With the 
Belzer machine cryoprecipitated plasma was used as the 
perfusate (Belzer and Kountz, 1970) and for the Waters 
machine modified plasmanate as described by the Kansas 
City group (Cross et al., 1974) was employed. In both systems 
the systolic pressure was adjusted to 60 mmHg and as perfu- 
sion pressure decreased, further adjustments were made to 
return the pressure to this original level. All kidneys were 
transplanted, irrespective of flow rate, and organs were only 
discarded if suitable recipients could not be found. Generally, 
when a pair of kidneys was available one was transplanted 
24 h after the other. Standard surgical techniques were used 
for implantation of the kidneys and immunosuppression was 
the same for all grafts. 

For the purposes of the study the flow rate of the kidney 
just before removal from the machine was taken as the defini- 
tive flow rate for that kidney. Immediate function was defined 
as function sufficient to obviate postoperative dialysis. 
The duration of acute tubular necrosis was defined as the 


postoperative period required to reach a creatinine clearance 
of at least 5 ml/min. Primary non-function was defined as a 
state in which the function of a kidney never reached 5 ml/min. 

The long term function of the kidneys was assessed on the 
basis of serum creatinine values obtained in the outpatient 
clinic. Statistical correlation of non-function with flow rate 
was carried out using the y? test, and the degree of function 
was compared for various flow categories using Student's t 
test. Linear regression analysis was used for the correlation 
of the duration of acute tubular necrosis with flow rate and 
for the correlation of 1-month function with flow rate. 


Table 1: PERFORMANCE OF MACHINE-PRESERVED 
KIDNEYS 


Flow (ml/min) 


< 80 80-100 100 P 
Range (ml/min) 40--80 80—100 100-300 am 
Mean flow (ml/min +- 59+-11 844-5 154 4- 43 — 
s.d.) 
No. kidneys 11 14 75 — 
No. kidney with pri- i 4 13 ns. 
mary non-function 
Mean duration ATN 12+11 746 841 n.s. 
(d - s.d.) 
Mean serum creatinine 2541-8 254118 2:5-- 1-6 ns. 


at 3 mth (mg/100 mb) 
ATN, Acute tubular necrosis. 


Results 
Table I indicates the results in three groups of kidneys 
with flow rates of less than 80 ml/min, 80-100 ml/min 
and over 100 ml/min. Twenty-five kidneys had flow 
rates of less than 100 ml/min and 11 kidneys had 
flow rates of less than 80 ml/min. There was no signi- 
ficant difference in the incidence of primary non- 
function and while the duration of acute tubular 
necrosis tended to be longer in the group of kidneys 
with lower flow, this was not statistically significant. 
The mean serum creatinine for the three groups of 
kidneys at 3 months post-transplantation was virtually 
identical. 

The function of the kidneys from the three flow 


groups at 1 year is illustrated in Fig. 1. It will be seen - OU 


that again there is no significant difference between 
the groups. 

Fig. 2 demonstrates that there is absolutely no 
correlation between the flow rate of the kidney on 
the machine and the duration of acute tubular necrosis 
(r = 0-00) and in Fig. 3 a similar lack of correlation 
between the flow rate and function at 1 month is 
shown (r — 0:14). 

Fig. 4 compares the flow rates for those kidneys 
which functioned immediately, those which never 
functioned and those with some degree of tubular 
necrosis. There is no significant difference between 
the flows for these groups of kidneys. | 

Table IT shows the outcome when kidneys which 
increased their flow on the machine are compared with 
those in which the flow fell during the preservation 
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Fig. 2. There is no correlation between perfusate flow 
rates and the duration of acute tubular necrosis (ATN) 






after transplantation. For comparison, the flow rates for 
the kidneys which never functioned are indicated on the 


extreme right. 
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Fig. 3. There is no statistically significant correlation 
between perfusate ffow rates and the serum creatinine 
1 mpnth after transplantation. For comparison, the 
flow rates for thase kidneys which never functioned are 
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Fig. 4. There is no statistically significant difference in 
the mean flow rates between those kidneys which 
functioned immediately, those which never functioned 
and those which functioned after a period of acute 
tubular necrosis. 


period. In order to reduce variables introduced by 
the donor characteristics, data from paired trans- 
plants only were used for this analysis. Those with a 
decreasing flow had a significantly lower flow just 
before transplantation (P« 0-01) than those with an 
increasing flow. The primary non-function rate for 
these two groups was not significantly different; how- 
ever, the duration of acute tubular necrosis was 
significantly prolonged (P«0-05) in those kidneys 
with falling flows. By 3 months, however, the mean 
serum creatinine in the two groups did not differ 
significantly. 

Table III illustrates the cause of non-function in 
the 18 kidneys in this category. It will be seen that 
in most cases non-function was associated with hyper- 
acute or acute rejection, this accounting for 12 out 
of the 18 cases. In another 4 cases vascular technical 
problems or tubular necrosis were the cause and in 
only 2 cases was the histological appearance of the 
kidney consistent with preservation failure. Both 
these kidneys had had flow rates in excess of 100 ml/ 
min. 

A comparison of the two preservation systems is 
shown in Table IV. The mean flow rate for the Waters 
system was significantly higher than that for the Bel- 
zer machine (P « 0-001), but the incidence of primary 
non-function was not significantly different for the 
two machines. However, the duration of acute tubular 
necrosis was longer in kidneys preserved on the Belzer 
machine (P « 0-001) and this was reflected in a signi- 
ficantly higher serum creatinine level at 1 month 
(P«0-001). By 3 months, however, there was no 
difference in the serum creatinine levels between kid- 
neys preserved on the two types of machine, 

Table V shows that the number of kidneys with 
decreasing flow rates was much greater on the Belzer 
machine than on the Waters machine (y? — 12-56, 
P « 0-0005). | 

The incidence of accelerated rejection in those kid- 
neys with immediate function is compared with that 
in those with tubular necrosis in Table VI. The 
kidneys which functioned immediately showed a 
significantly higher incidence of accelerated rejection 


Table Hl: FLOW CHANGE AND FUNCTION OF 
MACHINE-PRESERVED KIDNEYS 


Flow Flow 
decreased increased P 

No. of kidneys 12 i] — 
Mean flow (ml/min -- s.d.) 1102-29 180-69 « 0-01 
No. of kidneys with primary 4 2 ns. 

non-function 
Mean duration ATN (d 16-i- 12 64-5 «0-05 

s.d.) 
Mean serum creatinine at 464-31 3-74+21 ms. 

1 mth (mg/100 mi «- s.d.) 
Mean serum creatinine at 3.0.-r8 1-5--0:1 n.s. 


3 mth (mg/100 ml + s.d.) 
ATN, Acute tubular necrosis. 


compared with those which opened up slowly 
(P«0-05) but the longer term rejection rate was 
essentially the same in these two groups of kidneys. 


Discussion 

The stimulus for this study was the observation that 
some kidneys from what appeared to be ideal donors 
perfused very poorly and others from less than ideal 
donors seemed to perfuse well. In addition, it seemed 
theoretically unreasonable that once the oxygen re- 
quirements of the kidney at low temperature had 
been met, the actual flow rate of the perfusate should 
have any relevance to the viability of the tubular 
cells. It is known that at 4-8 ^C the kidney requires 
approximately 0:2 ml oxygen min^! 100 g^! (Levy, 
1959), and this is easily met by current perfusion 
systems. Indeed, it can be argued that sufficient 
oxygen requirements are available in no-flow systems, 
such as preservation by Collins’ solution (Collins et 
al, 1969) which will permit storage for up to 30 h. 
In the case of the liver, which is extremely difficult to 
preserve, the best results have been obtained by a 
‘squirt’ perfusion in which only 20 ml of perfusate is 
infused every 5 min (Calne et al., 1972). 

It has been shown that in canine kidneys preserved 
by Belzer's technique, there is no correlation between 
oxygen consumption and perfusion characteristics on 
the machine (Sinha et al, 1973). Perhaps the most 
convincing evidence that flow rates are not useful 
predictors of kidney viability was a study in which 
the flow rates of freshly harvested canine kidneys 
were compared with those of kidneys which were 
subjected to 5h of warm ischaemia before being 
placed on a perfusion apparatus. There was no differ- 
ence in perfusion parameters between the two groups 
(Lawton et al., 1973). 

It has been claimed that one of the principal ad- 
vantages of machine preservation is that it is possible, 
on the basis of flow characteristics, to discard kidneys 
which might not function (Belzer and Kountz, 1970). 
If this were true, one would expect that kidneys pre- 
served by simple washout techniques would have a 
higher incidence of non-function and tubular necrosis 
of longer duration. Large scale multicentre studies 
have not borne this out (Clark et al., 1973, 1974) and, 
in fact, kidneys preserved with simple cooling have 
fared better in both respects. 

Our observations, depicted in Table I, support our 
original suspicions that flow rates are not important. 
Thev agree with the previously reported impressions 
of others (Magnusson and Kiser, 1971). The fact that 
at 1 year the function of the kidneys in the low, 
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Table HI: CAUSES OF PRIMARY NON-FUNCTION 
IN MACHINE-PRESERVED KIDNEYS 


Day of Day of 
Patient Diagnosis nephrectomy death 
E. L. Acute rejection 16 
V. M. Acute rejection 31 
C. M. Hyperacute rejection 27 
L. H. Acute rejection 24 
D. K. Acute rejection 42 
N. K. Preservation failure 35 
A. W, Acute tubular necrosis 4 
M. D. Vascular disruption 2 
P. F. Acute rejection 6 
R. J. Acute rejection 31 
H. B. Hyperacute rejection 7 
E. J. Arterial thrombosis/tech- 7 

nical 
W.L. Acute rejection 19 
S. H. Acute rejection 30 
J. K. Thrombosis/technical 7 
A. B. Hyperacute rejection 16 
L. V. Hyperacute rejection 8 
E. L. Possible preservation failure 40 
Table IV: EFFECT OF THE PRESERVATION 
SYSTEM ON KIDNEY FUNCTION 
Belzer . Waters 
machine machine 
and and Kansas 
perfusate perfusate P 

No. of kidneys 72 28 
Mean flow (ml/min--s.d.) 116-440 183-4- 59 « 0-001 * 
No. of kidneys with pri- 15 3 n.s.T 

mary non-function 
Mean duration ATN 104-9 5--6 < 0-001 * 

(d -—-s.d.) 
Mean serum creatinine at 40432 26410 <0-001* 

1 mth (mg/100 ml + 

s.d.) 
Mean serum creatinine at 2:64 1:9 2-04- 0-8 n.s.* 


3 mth (mg/100 miż 
s.d.) 


ATN, Acute tubular necrosis. 
* Derived from Student's 1 test. 
+ Derived from 7? test. 





Table V: TREND OF FLOW CHANGE RELATED 
TO PERFUSION SYSTEM 


Belzer machine 
and perfusate 


Waters machine and 
Kansas perfusate 


Flow increased 2 9 
Flow decreased 11 ` 1 
x? = 12:56, P<0-0005. . 


Table VI: ACUTE TUBULAR NECROSIS AND 
REJECTION RELATED TO KIDNEY FUNCTION 


Immediate Delayed 
function function P 
No. of kidneys 29 -53 — 
Rejection less than 5 (007-274) 2 (3854) «0-05 
2 weeks , 
Rejection more than 7 (241%) 14 264%) ns. 
2 weeks * 


Total rejected 12 (413%) 16 30224) n.s. 
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medium and high flow groups did not differ also 
indicates that no long term damage results from low 
flow rates, The lack of correlation between flow rates 
and both the function at 1 month and the duration 
of tubular necrosis is striking, but perhaps the most 
extreme test is the comparison between the very best 
kidneys (ie. those with immediate life-sustaining 
function) and the very worst kidneys (i.e. those which 
never functioned); between these two groups of kid- 
neys there was no significant difference in perfusate 
flow while on the machine. 

The only variable which we did find of significance 
in predicting the behaviour of kidneys after trans- 
plantation was the direction of the change of flow 
while the kidneys were on the machine. Those kidneys 
with a falling flow clearly had a longer period of 
tubular necrosis than those with an increasing flow, 
but by 3 months the kidneys of both groups did not 
differ significantly in function. 

The analysis of the causes of primary non-function 
showed that preservation failure was a rare occur- 
rence. It is difficult to diagnose preservation failure 
histologically with any degree of confidence. As can 
be seen from Table IIl, many of the kidneys were 
removed more than 2 weeks after it became apparent 
that they were not viable. It was not surprising, there- 
fore, that most of them showed changes of acute 
rejection, but all the patients concerned were main- 
tained on immunosuppressive therapy until removal 
of the kidney. 

Our observations in this respect are in agreement 
with others (Clark et al., 1974; Moore et al., 1974) 
who feel that primary non-function is much more a 
reflection of presensitization with antibodies than 
preservation failure. 

In comparing the two preservation systems, the 
Belzer system seemed to yield kidneys which were 
subject to longer periods of acute tubular necrosis 
than that seen with the Waters system. However, this 
could be explained by the data given in Table V, which 
show that there was a much higher proportion of 
kidneys with falling flows on the Belzer machine and, 
as we have shown in Table II, this is associated with 
prolongation of tubular necrosis. It is unlikely that 
this is the result of differences in the machines them- 
selves; it is more likly that it is a reflection of differ- 
ences in the perfusate. Cryoprecipitated plasma is 
not devoid of lipoproteins, as is plasmanate, and it 
is this factor which is most probably responsible for 
the rising perfusion resistance seen in kidneys pre- 
served with the Belzer perfusate (Belzer et al., 1968). 

In attempting to discard kidneys which might be 
subject to prolonged acute tubular necrosis, the 
rationale that postoperative dialysis is harmful to the 
patient has been employed. However, it has been 
suspected that kidneys which function promptly may 
undergo more severe early rejection, and this is cer- 
tainly borne out by our data. There was a signifi- 
cantly higher incidence of aggressive rejection in the 
first 7-14 days in those kidneys which functioned 
immediately, and so it could be argued that moderate 
tubular necrosis might be of value to the transplant 


+. recipient. It might be that the rapid correction of 


uraemia by an immediately functioning kidney re- 
moves an immunosuppressive factor associated with 
the uraemic state. 


Conclusions 

We conclude from the data reported here that the 
perfusion characteristics of machine-preserved kidneys 
do not predict the viability of the organs following 
transplantation. Consequently, our policy of ignoring 
flow rates in deciding whether to transplant a kidney 
seems justified. Adherence to this policy generally 
could make available up to 25 per cent more kidneys 
which would otherwise be thrown away. The develop- 
ment of tubular necrosis, while making the early post- 
operative management a little more difficult, does not 
lead to impaired function and may even be of some 
value. 
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The early diagnosis of non-union of fractures of the 
tibial shaft by osteomedullography 


G. N. BOOBBYER* 


SUMMARY 
Osteomedullography (osteomyelography) is a radio- 
graphic technique which demonstrates the intraosseous 


venous circulation. Its use in demonstrating the state of 


bone healing in fractures of the tibial shaft is described. 
Its importance lies in the fact that if, 3 months after the 
initial injury, there is doubt as to the state of union of the 
fracture, the information gained from osteomedullo- 
graphy allows an immediate decision as to the need for 
bone grafting. Twenty patients with fractures of the 
tibial shaft were studied. It was demonstrated that 14 
patients had established non-union and 6 patients had 
delayed union. 


Ir is well established that the circulation within the 
bone is closely associated with fracture healing 
(Trueta, 1964). The injection of intraosseus contrast 
medium was first used in the investigation of the blood 
supply at a fracture site and its association with bone 
healing by Hulth (1953), when he investigated the 
blood supply of the femoral head after intracapsular 
fractures of the neck. 

Menegaux et al. (1953) were the first to use intra- 
osseous phlebography in the investigation of bone 
healing in fractures of the tibial shaft. They found 
that intraosseous contrast medium (Diodone 70 per 
cent) stopped short of the fracture site when the 
investigation was performed in a recent fracture; 
only after the fracture had united did contrast 
medium cross the fracture site. They suggested 
osteomedullography as a method of early diagnosis 
of poor fracture healing. 

Fregnani (1966) showed that in normally healing 
fractures the contrast medium did not cross the 
fracture site until 60-90 days after the initial injury. 
In patients with non-union the contrast medium 
stopped short of the fracture site. Lindblom (1941) 
was the first to suggest compression of the superficial 
veins in order to obtain better definition of the deep 
veins, and Halliday (1967) demonstrated the results of 
intraosseous phlebography of the lower limb by 
using a sphygmomanometer cuff applied to the thigh 
in order to compress the superficial veins; improved 
filling of the deep veins was obtained. Kaski published 
a report in 1971 on his technique and findings 
in 72 patients. He used compression of the soft 
tissue veins at the level of the fracture, so 
enhancing the radiographic appearance of the intra- 
osseous veins. In 1974 Kaski published the results of 
osteomedullography in 85 patients with fractures of 
the tibial shaft but 36 of these patients were known to 
have normally healing fractures. 

Before embarking on this investigation it is 
important to understand the venous anatomy of the 
tibia (Fig. 1). There are four main venous systems: the 
sinusoidal veins; the nutrient veins; the metaphyseal 
and epimetaphyseal veins; the periosteal veins. The 
sinusoidal veins form an extensive intramedullary 
network. The efferent vein in the nutrient canal 
receives two tributaries, the ascending and descending. 


The metaphyseal veins at both the proximal and 
distal ends of the tibia drain mainly from the sinusoidal 
network to veins which run with the arteries in 
surrounding muscles and ligaments. The periosteal 
veins drain chiefly from the outer part of the cortical 
bone and periosteum and into surrounding soft tissue 
veins. 


Proximal epimetaphyseal 


fT and metaphyseal veins 
l up 7 

Descending 
tributary of 


efferent vein 


Efferent vein 


Ascending 
tributary of 
efferent vein l 
Periosteal vein 


Sinusoidal veins 


Distal epimetaphyseal 
and metaphyseal veins 





Fig. 1. Venous anatomy of the tibia. (Reproduced by kind 
permission of P. Kaski} 


Patients and methods 

Twenty patients whose ages ranged from 11 to 81 years (average 
48 years) were studied. Eight fractures were open and 12 were 
closed; all were displaced. Initial treatment in all patients 
consisted of wound toilet and suture where applicable, closed 
reduction and the application of a long leg plaster cast. Three 
patients had internal fixation 2 weeks after the initial injury: in 
| patient a Rush nail was inserted for a double fracture afd 
in the other 2 patients the fractures were fixed using 7-hole 
plates and screws. One patient with a fracture of the lowest 
third of the tibial shaft had had two previous bone grafting 
operations. Thirty-six weeks after the second bone grafting 
there was still doubt as to the state of union and so osteo- 
medullography was performed. Apart from the latter patient, 
the examination was performed between 12 and 28 weeks after 
the initial injury. The timing of the examination depended on 
the attending surgeon's decision. If at any time after 12 weeks 
from the date of injury he had doubts as to the progress of 
union, the patient was referred for osteomedullography. 
Delayed union was diagnosed in 6 patients and non-union in 
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Fig. 2. Osteomedullography in a 58-year-old woman who 
sustained a compound oblique fracture of the middle third 
of the tibial shaft. The contrast medium stops well short of 
the fracture site and there is no evidence of any circulation 
across the fracture site. Non-union. 





Fig. 3. Osteomedullography in a 64-year-old woman who 
sustained a compound oblique fracture of the upper third of 
the tibia. Although the contrast medium extends to the 
fracture site, there is no evidence of any circulation across 
the fracture site. Non-union. 


Fig. 4. Osteomedullography in an 81-year-old woman who 
sustained a compound comminuted fracture of the proximal 
third of the tibia. Good venous filling is demonstrated in the 
proximal fragment. Delayed union. 


Lt 





Fig. 5. Osteomedullography in a 20-year-old man who 
sustained a closed oblique fracture of the lowest third of the 
tibia. Osteomedullography at 14 weeks showed good filling 
of the main efferent vein. Delayed union. 
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Table I: DETAILS OF PATIENTS WITH FRACTURES OF THE TIBIAL SHAFT SUBJECTED TO 


OSTEOMEDULLOGRAPHY 

Age 

(yr) Type of fracture Initial treatment 
81 Compound comminuted upper } MUA, PC 

64 Compound oblique upper 4 MUA, PC 

62 Closed spiral lowest 4 MUA, PC 

77 Closed transverse upper 4 MUA, PC 


29 Double compound middle and upper } 


58 Compound oblique middle 4 MUA, PC 
20 Compound comminuted middle 4 MUA, PC 
48 Closed spiral lowest 4 MUA, PC 
69 Closed oblique upper i MUA, PC 
50 Compound comminuted middle 4 MUA, PC 


23 Compound transverse lowest 4 
and BG at 


9 mth, further 
BG after 5 mth 


17 Closed oblique upper } MUA, PC 
ii Closed comminuted upper i MUA, PC 
20 Closed oblique middle i MUA, PC 
56 Closed comminuted middle 4 MUA, PC 
S0 Compound oblique middle 4 MUA, PC 
49 Closed comminuted middle 4 MUA, PC 


Plating at 2 wk 
Plating at 2 wk 
MUA, PC 


20 Closed oblique lowest $ 
§5 Closed transverse lowest 4 
17 Closed transverse upper 1 


Rush nail at 2 wk 


MUA, PC, plating 


Time of Outcome 
osteomedullography Subsequent (United 
(weeks) Result treatment at wk) 
22 NU BG 12 
18 NU BG 12 
17 NU BG 24 
24 DU Conservative 2 
18 NU BG —. 10 
19 NU BG HU 
17 DU Conservative 17 
28 NU BG and plating 24 
17 NU BG 17 
22 NU BG 20 
36* NU BG 20 
14 DU Conservative 14 
12 NU BG 12 
20 NU BG 12 
14 NU BG 12 
12 DU. Conservative 8 
,18 NU BG 12 
14 DU Conservative 15 
24 NU BG 14 
15 DU Conservative 12 


MUA, Mobilization under anaesthesia; PC, plaster cast; NU, non-union; DU, delayed union; BG, bone grafting. 


* After second grafting operation. 


14. All the latter were treated by bone grafting within a few 
days of osteomedullography. In each of the 14 cases when non- 
union was diagnosed by osteomedullography the findings were 
confirmed at operation in that there was no evidence of bony 
union, Details of the findings and subsequent treatment for the 
whole series are given in Table I. 


Technique 

The only contraindication is infection at the intended site of 
injection. The examination must be made under general or 
spinal anaesthesia; local anaesthesia is usually insufficient. The 
patient lies supine on the X-ray table with the cassette changer 
placed under the leg to be examined. A compression cuff is 
placed around the fracture site—when inflated this has the 
effect of compressing the superficial veins so that these do not 
fil when the contrast medium is injected. Under aseptic 
, conditions a sternal puncture needle is inserted vertically 
through the anteromedial tibial cortex about I cm below the 
lower border of the cuff. Forceful aspiration is carried out to 
ensure that the needle is in the medulla. An injection of 
heparin in saline solution is given through the sternal puncture 
needle to prevent clotting (5000 units of heparin are injected 
into 500 ml of normal saline and 10 ml of this, after thorough 
mixing, are used for the injection). The cuff is inflated to 450 
mmHg. The contrast medium is Triosil (Na-Ca-Mg metri- 
zoate). Approximately 2 ml are injected and a radiograph is 
taken to ensure that sinusoidal filling is occurring. A further 
25 ml are given over the next 2 or 3 min; during this period 6 
radiographs are taken, the last being a lateral view. Having 
finished the injection, 2 further radiographs are taken at 15-s 
intervals. If the films are satisfactory the needle is withdrawn 
and the wound dressed. 

There were no complications following this procedure. 
Some pain is experienced and patients usually remain in bed 
for 24 hours afterwards. 

Radiological signs of a venous circulation across the fracture 
site are: 

1. Intraosseous veins crossing the fracture site. 

2. A sinusoidal network demonstrated in the proximal tibia. 

3. Periosteal veins demonstrated in the proximal tibia. 

4. Demonstration of the ascending tributary of the efferent 
vein of the nutrient vascular system. 


5. Veins crossing the fracture in the periosteal callus (Kaski, 
1971). Demonstration of a venous circulation. across the 
fracture site indicates delay in union. The absence of any 
venous circulation across the fracture site indicates non-union 
and the need for bone grafting. 

Osteomedullograms from 5 patients are shown in Figs. 2-5. 


Discussion E. 
In this series only tibial shaft fractures were studied ^ 
because it is well known that of the long bones the .. 


tibia has the highest incidence of delayed union and 


non-union (Kaski, 1974). Delayed union is defined as - 
that taking longer than 20 weeks while non-union isa .— 


permanent result in that bony union will not occur > 
without operative intervention. The incidence of these ~ 
complications depends partly on the type of fracture ~ 
initially sustained; there is a 2 per cent incidence of ~ 


delayed union in the closed, undisplaced fracture - 
which rises to 60 per cent in the open, completely 
displaced fracture (Ellis, 1958). 

Detecting minor degrees of mobility at the fracture 
site in the tibia may be difficult if there is no associated 
fracture of the fibula. When internal fixation devices 
have been used radiological evidence alone must be  - 
relied upon. Other methods of diagnosing delayed — 


union include the use of the image intensifier to detect .—.- 
minor degrees of mobility at the fracture site, although ~~ 


if the fracture is near a joint this technique is un- > 
reliable (Bingold, 1976), the use of radioactive - 
isotopes (Wendenberg, 1961) and sound conduction . 
(Evans, 1976). There is widespread variation among — 
surgeons in their approach to the management of ** 
delayed bone healing in these fractures. There are —— 
some who will perform bone grafting on all tibial -> 
fractures where there is evidence of delay in union at 
3 months from the initial injury; at the other extreme ` 
there are those who will wait 6 months or more — 


+ 
+ * 
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M before making a decision as to the need for bone 
Ur grafting. If the former is the case, this technique will 
. avoid an unnecessary operation, and if the latter is the 
. case, an early and definite decision can be made. 
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Penetrating gunshot wounds of the chest in civilian 


practice: experience with 250 consecutive cases 
SONNY S. OPARAH AND ASHIS K. MANDAL* 


SUMMARY 

Our experience indicates a continued rising incidence 
of gunshot wounds of the chest in the United States. 
During the past 44 years, 250 consecutive cases were 
treated at the King-Drew Medical Center in Los 
Angeles. Ninety per cent presented with a haemothorax 
or haemopneumothorax. Pneumothorax alone was 
present in only 3 per cent of cases. Twenty per cent 
had associated intra-abdominal injuries, involving 
mostly the diaphragm, liver, spleen and the gastro- 
intestinal tract. Eighty per cent were treated with tube 
thoracostomy and among these there were 2 deaths, 
neither being related to the chest injury. About 16 per 
cent underwent thoracotomy with a mortality of 12-8 
per cent, all the deaths being caused by severe cardiac 
wounds. The overall mortality was 2-8 per cent. The 
complication rate was 5-3 per cent, most complications 
occurring in patients with associated intra-abdominal 
and spinal cord injuries. The average period of hospi- 
talization was 6:5 days. The management plan and the 
indications for the two courses of therapy are discussed. 


Owing to the easy availability of hand guns in the 
United States, the incidence of gunshot wounds of 
the chest has continued to rise at an alarming rate. 
It has been estimated that more than 28 000 people 
now die each year from gunshot wounds (Hampton, 
1976), the majority of which involves the chest. 
Although great progress has been made in managing 
these wounds, there are still differences of opinion 
as to the best methods of treatment and their indi- 
cations. Our experience with these wounds has been 
reviewed as part of an overall effort to develop an 
effective protocol for the management of the injured 
patient. 


Patients and methods 

During the past 4} years, 250 consecutive cases of gunshot 
wounds of the chest were treated at the King-Drew Medical 
Center in Los Angeles. These included 220 males and 30 
females, whose ages ranged from 1 to 87 years (Table I). The 
average age was 29 years and 72 per cent were 30 years old or 
younger. The right chest was involved more often (57 per 
cent) than the left chest (43 per cent). 


Management plan 

Every patient is first seen in the emergency room and is then 
immediately taken to the shock room, staffed by a team of 
surgical residents and trauma nurses. Simultaneously, a 
thoracic surgeon is notified of the patient’s admission, as are 
the operating room personnel and resident anaesthetist. The 
shock room is equipped for any eventuality, including thorac- 
otomy if necessary. An autotransfusion set and a standby 
cardiopulmonary bypass pump are available. 

Our initial efforts are aimed towards ensuring an adequate 
airway. All patients are promptly examined for the presence 
of shock and signs of intracranial, intrathoracic or intra- 
abdominal injury. The peripheral pulses are checked. Simul- 
taneously, a peripheral i.v. line is started with a large intra- 
catheter for the administration of fluid and blood as indicated. 
A central venous pressure line is established, usually by cannu- 
lating the subclavian vein percutaneously. Blood is withdrawn 
for sampling, including typing and cross-matching. A Foley 


Table I: GUNSHOT WOUNDS OF THE CHEST: 
AGE AND SEX DISTRIBUTION 








Age (yr) Male Female Total 
0-10 ] 1 
11-20 73 Ti 84 
21-30 83 12 95 
31-40 41 7 48 
41-50 8 8 
51-60 5 3 
61-70 4 4 
71-80 5 3 
Total 220 30 250 


catheter is usually inserted and a urine specimen is sent for 
analysis. If the patient is in shock, colloid solutions, crystal- 
loids, blood and vasopressors are given as indicated. O-nega- 
tive blood is used if type-specific blood is not readily avail- 
able. As soon as possible a chest X-ray is obtained, preferably 
with the patient in the upright position. Other X-ray proce- 
dures, including an oesophagram, an intravenous pyelogram, 
flat plates of the abdomen, a cystogram and an arteriogram, 
are done as indicated. Tetanus toxoid is given to all patients. 
Those patients requiring thoracotomy or exploratory lapar- 
otomy receive both preoperative and postoperative antibiotics. 
All patients are admitted to the hospital, including the few 
patients with no demonstrable intrathoracic injury, for it is 
not unusual for them to develop a significant pneumothorax 
or haemothorax within 24-48 h (Farringer and Carr, 1953) 
which requires specific treatment. 

Treatment varies with each individual depending on the 
condition of the patient on admission, the stability of his 
haemodynamics and the X-ray and physical findings. In 
general, a tube thoracostomy is indicated in the presence of 
a pneumothorax or haemothorax. lt is also indicated in 
thoracoabdominal gunshot wounds before the abdomen is 
explored, even when there is no demonstrable pneumothorax 
or haemothorax, as tension penumothorax and hypotension 
can develop during induction and positive ventilation under 
general anaesthesia. Thoracentesis is not used as a definitive 
therapy, but it is useful in relieving a tension pneumothorax 
before a chest tube can be inserted. 

The indications for early thoracotomy include all pene- 
trating wounds of the heart and the great vessels, especially 
if shock and/or tamponade are present. Pericardiocentesis 
is not recommended as a definitive therapy but it may be 
helpful in diagnosing tamponade or relieving it while the 
operating room is being prepared for thoracotomy. Those 
patients who develop cardiac arrest before reaching the 
hospital or before therapy can be started undergo immediate 
left anterolateral thoracotomy and open heart resuscitation 
in the emergency shock-room. External cardiac massagé is 
not recommended in these patients because a major intra- 
thoracic injury is usually present and must be controlled if 
resuscitation is to succeed. Emergency aortography is per- 
formed in all patients with gunshot wounds of the chest with 
a widened mediastinum; those patients with perforation or 
transection of the aorta undergo immediate thoracotomy. 
A cardiopulmonary bypass pump is kept on standby in these 
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Table Il: THORACIC FINDINGS ON ADMISSION 





Patients 
Pathology No. pA 
Haemothorax 114 45-6 
Haemopneumothorax 111 44-4 
Pneumothorax 8 3.2 
Pulmonary contusion 7i 2:8 
No intrathoracic findings 10 4-0 
Total 250 100 





Table HI: ABDOMINAL ORGANS INVOLVED IN 
THORACOABDOMINAL GUNSHOT WOUNDS 


Organ Incidence 
Liver 40 
Diaphragm 35 
Spleen 16 
Stomach 15 
Colon 15 
Small bowel 8 
Pancreas 5 
Inferior vena cava 4 
Kidney 4 
Gallbladder 3 
Uterus 1 
Bladder l 
Portal vein i 
Total 148 





Table IV: TREATMENT OF GUNSHOT WOUNDS 
OF THE CHEST 





Patients 
Treatment No. VA 
Tube thoracostomy 158 63-2 
Tube thoracostomy and abdominal 43 17-2 
exploration 
Thoracotomy 32 12-8 
Thoracotomy and abdominal 7 2:8 
exploration 
Observation 10 4-0 
Total 250 100 





Table V: MORTALITY ACCORDING TO TREATMENT 
OF GUNSHOT WOUNDS OF THE CHEST 





No. of 
Treatment patients Mortality 
Tube thoracostomy 158 i (0:6°%) 
Tube thoracostomy and abdominal 43 1 (2:3%) 
exploration 
Thoracotomy 32 5 (1569; 
Thoracotomy and abdominal 7 0 (0025 
exploration 
Observation 10 0 (0055 
Total 250 7. (285 


Table VI: COMPLICATIONS AMONG 243 
SURVIVORS OF GUNSHOT WOUNDS OF THE 
CHEST 


Complications No. of patients 


Atelectasis 4 
Pneumonia 3 
Empyema 2 
Pleurobiliary fistula 2 
Pericardial effusion 1 
Subehrenic abscess 1 
Total 13 (5395 





cases. Thoracotomy is also indicated when bleeding through 
the chest tube is active and significant enough to cause hypo- 
tension and/or shock. Thoracotomy is indicated if chest tube 
drainage continues at the rate of 150-200 ml/h for over 4h 
consecutively. It is also indicated in tracheobronchial injury 
manifested by a massive air leak and in oesophageal perfora- 
tion, demonstrated by a bloody nasogastric tube return and/or 
mediastinal or cervical emphysema and confirmed by a 
Gastrografin oesophagram, before serious empyema and 
mediastinitis develop. A significant clotted haemothorax is an 
indication for thoracotomy and evacuation before the clot 
becomes infected or a late fibrothorax develops to compromise 
pulmonary funtion. 

Open sucking wounds are immediately closed with a petro- 
leum jelly gauze pressure dressing, skin clips or rapid suture, 
followed by insertion of a chest tube. Thoracotomy or local 
chest wall débridement and repair can then be carried out as 
indicated following resuscitation. 

The indications for exploring the abdomen in thoraco- 
abdominal gunshot wounds include signs and symptoms of 
an acute abdomen in low thoracic wounds, radiographic evid- 
ence of a bullet lying in the peritoneal cavity, a separate pene- 
trating bullet wound of the abdomen, or a bullet hole in the 
diaphragm discovered during thoracotomy. The abdomen is 
explored through a separate midline incision, thoracoabdo- 
minal incisions are avoided since they may cause painful 
postoperative costochondritis and a transthoracic approach 
to the abdomen is not recommended because it does not 
permit complete exploration of the entire abdomen. 


Results 

Ninety per cent of the patients presented with a 
haemothorax or haemopneumothorax (Table 1l); 
pneumothorax alone was an infrequent finding, occur- 
ring in only 3 per cent. The incidence of associated 
intra-abdominal injuries was 20 per cent, most of 
these injuries involving the díaphragm, liver, spleen 
and the gastrointestinal tract (Table III). In most of 
the patients more than one organ system was in- 
volved. Other associated significant injuries included 
spinal cord transection with paraplegia in 6 patients, 
a lethal gunshot wound of the head in 1 patient, per- 
foration of the oesophagus in 3 patients and wounds of 
the trachea in 3 patients. 

About 80 per cent of patients were treated with 
tube thoracostomy (Table IV) and of these 2 died — 
one owing to a head injury and the other owing to 
extensive intra-abdominal injuries. Nearly 16 per cent 
underwent thoracotomy, with 5 deaths all caused by 
severe cardiac wounds. In 4 of the fatalities cardiac 
arrest had occurred before they reached the hospital 
or before therapy could be started. The fifth patient 
died from exsanguination from perforations of the 
right and left ventricles and from an acute myo- 
cardial infarction due to transection of the left anterior 
descending coronary artery. Slightly less than 3 per 
cent of the patients underwent both thoracotomy and 
abdominal exploration and there were no deaths in 
this group. One of these latter patients had severe 
injuries to the stomach, spleen, diaphragm, pancreas, 
inferior vena cava, portal vein and pulmonary artery; 
another had wounds of the right ventricle, the liver 
and the diaphragm while a third had involvement of 
the trachea, diaphragm and liver. The operative 
mortality for the thoracotomy group was 12:8 per 
cent; however, excluding the 4 who were dead on 
arrival, the operative mortality would be 2-9 per 
cent. The mortality for those treated with tube thorac- 
ostomy, with or without abdominal exploration, was 
less than 1:0 per cent (Table V). The overall mortality 
for the series was 2-8 per cent. 


* 


Major complications (Table VI) included one sub- 
phrenic abscess and 2 pleurobiliary fistulas in patients 
in whom diaphragmatic perforations were missed 
during exploratory laparotomy for liver wounds. 
Bile empyema developed in both patients, requiring 
thoracotomy, empyemectomy and decortication. The 
diaphragmatic perforations were also closed and the 
subphrenic bilious collections adequately drained 
subcostally. The overall complication rate was 5:3 per 
cent, most of the complications occurring in patients 
with associated intra-abdominal and spinal cord 
injuries. The average period of hospitalization for the 
243 survivors was 6:5 days. 


Discussion 

The management of gunshot wounds of the chest has 
greatly improved since the cautery and boiling oils 
(Lindskog, 1961) of the old days. In spite of the wide 
experience gained with these wounds during World 
War II (Blades and Dugan, 1944), the Korean War 
(Churchill, 1944) and the Viet Nam conflict (Glass, 
1969), as well as in civilian practice (Taylor and 
Berman, 1960), there appears to be no unified ap- 
proach to their management. Most patients with 
penetrating gunshot wounds of the chest present with 
a haemothorax or haemopneumothorax requiring 
only conservative treatment (Beall et al., 1964; Borja 
and Ransdell, 1971a). The goal in treatment is there- 
fore to achieve a rapid and continuing re-expansion 
of the lungs. Such rapid evacuation of the pleural 
cavity with full re-expansion of the lung does not 
cause continuing pulmonary bleeding, as such bleed- 
ing is from a low pressure system and will often stop 
spontaneously. Rapid re-expansion of the lung does 
result in early sealing of most pulmonary air leaks 
and greatly reduces the chance of development of 
empyema, since an unevacuated haemothorax is an 
excellent culture medium. While most authors agree 
that the haemopneumothorax should be evacuated 
as soon as possible, there is disagreement on whether 
a chest tube or repeated thoracenteses should be 
used to achieve this. Furthermore, there are some 
who feel that most penetrating gunshot wounds of the 
chest should be treated with thoracotomy (Haller et 
al., 1962). Our experience indicates that a well-placed 
tube thoracostomy is the most effective method of 
achieving a rapid evacuation of the pleural collections 
and re-expansion of the lung. Furthermore, a tube 
thoracostomy provides the best aid to early recogni- 
tion of continued intrathoracic bleeding that will 
require thoracotomy. Treatment with a tube thorac- 
ostomy is often definitive in most patients (Beall et 
al., 1964; Ashbough et al., 1967; Beali et al., 1968; 
Borja and Ransdell, 1971a) so that thoracotomy 
should be reserved for the few who meet the indica- 
tions noted in our management plan. More than 80 
per cent of our patients were treated with a tube 
thoracostomy and neither of the 2 deaths among 
these patients was related to the chest injuries. We 
do recommend, however, that the chest tube be 
inserted early before the haemothorax clots and that 
it be located so that the last hole in the tube lies near 
the costophrenic angle, to permit a more complete 
evacuation. Finally, the chest tube should be removed 
as soon as it has stopped draining to prevent retro- 
grade infection, to allow the patient greater and 
freer mobility, increased comfort and, consequently, 
better tracheobronchial toilet. 
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We do not recommend thoracentesis as a definitive 
therapy for penetrating wounds of the chest because 
adequate evacuation of the pleural cavity is difficult, 
often requiring repeated thoracenteses (Gerami et al., 
1968)—a case requiring as many as 16 attempts has 
been recorded (Haller et al., 1962). This procedure is 
associated with a higher incidence of complications, 
a longer period of hospitalization and therefore higher 
cost. Besides, repeated thoracentesis is uncomfortable 
for the patient and carries a potential hazard of 
contaminating the pleural cavity, thus causing em- 
pyema or an infected haemothorax. Beall and his 
associates (1964) reported a much higher complication 
rate of 11-1 per cent with thoracentesis, as compared 
to 6:1 per cent with tube thoracostomy. The average 
period of hospitalization of 14-0 days for those treated 
with thoracentesis reported by Haller et al. (1962) is in 
sharp contrast to the 6-5 days in our series, in which 
tube thoracostomy was the preferred treatment. 
Haller also reported a much higher average period of 
hospitalization—21-7 days for those patients later 
treated with chest tubes after initial unsuccessful 
treatment with thoracentesis, again emphasizing the 
difficulty in adequately evacuating the pleural cavity 
with thoracentesis and the need to insert the chest 
tube early before the haemothorax clots. 

About 15-20 per cent of patients with gunshot 
wounds of the chest will require thoracotomy with 
a reported operative mortality of 24-63 per cent 
(Haller et al., 1962; Beall et al., 1964; Gerami et al., 
1968). This high mortality contrasts with the 10 per 
cent operative mortality reported with stab wounds 
of the chest (Oparah and Mandal, 1976), an indica- 
tion of the far greater hazard associated with gunshot 
wounds. Nevertheless, we do feel that a proper under- 
standing of the indications for thoracotomy in gun- 
shot wounds of the chest, and immediate or early 
thoracotomy for those gunshot wounds involving the 
heart and great vessels, the oesophagus and tracheo- 
bronchial tree, can greatly reduce both the morbidity 
and mortality of these injuries. Our low operative 
mortality of 12-8 per cent justifies this individualized 
but aggressive approach. 

Gunshot wounds of the heart particularly are 
associated with such a high mortality that we join 
others (Maynard et al., 1952; Farringer and Carr, 
1955; Leacock et al, 1975) in strongly urging im- 
mediate thoracotomy once the diagnosis is ascer- 
tained. Pericardiocentesis is not recommended as a 
definitive therapy as it is often not successful, especi- 
ally if the blood is clotted (Maynard et al., 1952; 
Ransdell and Glass, 1960). It may, however, be used 
to relieve the tamponade while preparing the opera- 
ting room for thoracotomy. Late haemorrhage from 
blow-out of blood clots (Mason et al., 1955; Cosman 
et al., 1958) and constrictive pericarditis from unevac- 
uated haemopericarditium (Ransdell and Glass, 1960) 
have all been reported in patients treated with peri- 
cardiocentesis. Ransdell and Glass (1960) reported 
100 per cent mortality in a group of patients treated 
with pericardiocentesis as compared to 57 per cent 
in a comparable group of patients treated with early 
thoracotomy. Eleven of our patients with cardiac 
wounds underwent immediate thoracotomy with 5 
deaths. In 4 of these cases cardiac arrest had occurred 
before their reaching the hospital or before therapy 
could be started. Our mortality rate of 45 per Cent 
compares with the mortality rate of 57-60 per cent 
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reported by others (Bolanowski et al., 1973; Jones 
and Helmsworth, 1968). The mortality for those with 
heart wounds who reached hospital alive was 14-2 
per cent. 

Associated intra-abdominal injuries greatly increase 
the morbidity and mortality of gunshot wounds of 
the chest. The incidence of thoracoabdominal gun- 
shot wounds ranges from 20 to 30 per cent (Rockey, 
1952; Borja and Ransdell, 1971b) with a mortality 
of 20-37 per cent (Wylie et al, 1946; Cameron 
et al., 1950; Borja and Ransdell, 1971a, b). Of our 
series 20 per cent had associated intra-abdominal 
injuries, with a mortality of 2:0 per cent. Our 
experience suggests that early recognition of these 
associated wounds, rapid restoration of physiological 
chest function and prompt complete abdominal 
exploration, preferably through a separate midline 
incision, are necessary to reduce both the high mor- 
bidity and mortality. A tube thoracostomy is often 
all that is needed to manage the chest wound. About 
3 per cent of our patients, however, did require both 
abdominal exploration and thoracotomy. There was 
no mortality in this small group of patients with these 
combined serious injuries. 

In conclusion, the high morbidity and mortality 
associated with penetrating gunshot wounds of the 
chest can greatly be reduced by approaching the 
treatment of each wound individually from the basis 
of a good understanding of the indications for each 
course of therapy. Our low overall mortality of 2:8 
per cent, complication rate of 5-3 per cent and average 
period of hospitalization of 6:5 days clearly indicate 
the soundness of this approach. 
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The pattern of non-diabetic peripheral vascular 


disease in South India 


G. V. SHEAD, RANJIT M. OOMEN AND 5. 5. SAVARIRAYAN* 


SUMMARY 

One hundred and twelve South Indian males with non- 
diabetic peripheral vascular disease of the lower limb 
were classified clinically into three groups according 
to the level of obstruction (aorto-iliac, 26 patients; 
femoropopliteal, 46 patients; distal, 40 patients). 
Arteriography was done in 65 patients and serum lipid 
estimations in 69. 

In the aorto-iliac group the mean age was 45 years 
(+116 s.d.); 23 per cent had hypertension, 28 per cent 
polycythaemia and 55 per cent hyperlipidaemia. Aorto- 
graphy suggested atheroma in most. In the femoro- 
popliteal group the mean age was 39 years (+ 12-8); 
22 per cent had hypertension, 11 per cent polycythaemia 
and 21 per cent hyperlipidaemia. Arteriography showed 
lesions typical of atheroma in many and was consistent 
with thrombo-angiitis obliterans in some. In the distal 
group the mean age was 37 years (x 9:8); 8 per cent 
had hypertension, 20 per cent polycythaemia, 25 per 
cent hyperlipidaemia and 20 per cent had distal arterial 
disease of the upper limb. Arteriography was consistent 
with thrombo-angiitis obliterans in most cases. Atheroma 
seemed to be implicated in 96 per cent of the aorto-iliac 
group and in 64 per cent of the femoropopliteal group. 


A NON-DIABETIC four-limb distal type of peripheral 
vascular disease is found in Japan and Korea (Ishi- 
kawa et al., 1962; Inada et al., 1964), Indonesia (Hill 
et al., 1973) and Malaysia (Lambeth and Yong, 1970). 
It also occurs in India, although only a few detailed 
studies have previously been reported from this coun- 
try (Chopra et al., 1976; Kinare et al., 1976). This 
distal form of peripheral vascular disease, which has 
all the characteristics of the Buerger syndrome, is 
found in Asian countries where atheromatous disease 
is thought to be uncommon. 

In this report, in which we describe patients with 
e peripheral vascular disease seen over a 7-year period, 
we present evidence for the coexistence of both these 
forms of arterial disease in India. 


Patients and methods 

All 112 patients studied were male and all except 3 were smokers 
(one non-smoker had a positive LE cell phenomenon). Both 
cigarettes and beedis (a cheap preparation of small pieces of 
desiccated tobacco rolled in a dried leaf) were smoked by 
patients in all groups. Most patients were from the lower 
socioeconomic strata with a few middle class people in each 
group. Fig. | shows the patients’ age distribution according 
to the level of the obstruction. 

The patients were examined clinically by the authors and a 
record was made of blood pressure, pulse status in all four 
limbs and the presence or absence of bruits over the root of 
the neck, abdomen and inguinal region. Blood sugar and 
haemoglobin estimations were done in all patients. 

Fasting serum cholesterol, triglyceride and chylomicron 
analyses were done in 69 patients. Serum cholesterol and tri- 
glyceride were estimated by modifications of the methods of 
Carr and Drekter (1956) and Fletcher (1968) respectively. 
Both methods were standardized in our laboratory using 
international reference serums. Table 1 summarizes the find- 
ings of clinical and arteriographic examinations and serum 


Group 1! 
Aorto-iliac block 
Median age 4l yr 


Group 2 
Femoropopliteal block 
Median age 37 yr 





No. of patients 


12 Group 3 


Distal block 


Median age 35 yr 
50 60 70 


20 30 40 


Age in years 


Fig. 1. Age distribution of patients according to the level 
of the major obstruction. 


Table I: CLINICAL, ARTERIOGRAPHIC AND 
BIOCHEMICAL FINDINGS 


Group 1 Group2 Group 3 
No. of patients 26 46 40 
Clinical 
Hypertension 6 10 3 
Femoral bruit 12 9 0 
Cervical bruit 1 9 0 : 
Digital ischaemia with- 1 8 8 
out cervical bruit 
Polycythaemia 7 5 8 
Arteriographic and opera- 
tive 
Irregular proximal artery — 18/20 13/35 1/11 
Short localized block 17/21 16/37 — 
Tapering of proximal 1/20 6/35 6/11 
artery 
Biochemical 
Hyperlipidaemia 11/20 7/33 4/16 
* 
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Fig. 2. Lumbar aortogram in a 48-year-old man. 

Blood pressure 150/110 mmHg and serum triglyceride 
3-14 mmol/l. The aortic bifurcation and the common and 
internal iliac arteries are involved by stenotic plaques and 
occlusive disease. Both common femoral arteries are 
normal. More distal films showed a localized block of 
the superficial femoral artery in the adductor canal on 
the left side. 


lipid analyses. Values were compared with those obtained in 
44 age-matched, non-diabetic, normotensive smokers with 
normal renal function attending hospital for minor disorders 
which were neither metabolic nor traumatic. The controls 
were from a similar socioeconomic background. The same 
group of controls was used for comparison of haemoglobin 
values. 

Aortic or femoral arteriography was performed in 65 
patients. Additional information was available from operative 
findings and post-graft pulse status in some patients whose 
arteriograms were incomplete. 

Fourteen additional patients (8 with aorto-iliac block and 
6 with femoropoliteal block) were seen during the 7-year 
period (1970-6) but were omitted from the study because of 
inadequate data. 


Results 

Patients were divided into three clinical groups accord- 
ing to the level of the major obstruction in the sympto- 
matic leg, i.e. group 1, aorto-iliac block; group 2, 
femoropopliteal block; group 3, distal block. If more 
than one severe obstruction was present, the patient 
wasclassified according to the site of the most proximal 
obstruction. In each group 50-60 per cent of the 
patients had one or more absent pulses in the other 
limb. Distal block in the other limb occurred in 29 
per cent of patients with femoropopliteal disease and 
in 57 per cent of patients with distal block ; this differ- 
ence is significant (y? = 5:833, P « 0-02). 


Aorto-iliac block 

There were 26 patients in group 1. Complete aortic 
block was present in 6 cases, unilateral iliac block in 
18 ‘and aorto-iliac stenosis in 2. Other clinical features 
are summarized in Fig. 1 and Table I. 


Arteriography showed features typical of atheroma 
in most patients, i.e. segmental involvement of the 
lower aorta and common iliac vessels with irregu- 
larity of the lumen proximal to the block (Table I, 
Fig. 2). However, 2 patients had extensive blocks 
originating from the external iliac artery and extend- 
ing to the popliteal artery, with a smooth-walled aorta 
and common iliac vessels. 


Femoropopliteal block 

There were 46 patients in group 2. The clinical fea- 
tures are summarized in Fig. 1 and Table I. Two 
patients had a positive LE cell phenomenon. Arterio- 
graphy was done in 33 patients; 16 of these had a 
blockage in the superficial femoral artery alone (Fig. 
3), 12 had obliteration of both superficial femoral and 
popliteal arteries with patency of the tibial vessels 
and the remaining 5 patients had extensive oblitera- 
tion of the superficial femoral, popliteal and tibial 
arteries (Fig. 4). 


Distal block 

Group 3 comprised 40 patients. The clinical features 
are summarized in Fig. 1 and Table J. One patient 
had Hansen's disease. Arteriography in 11 cases 
showed thrombosis involving the tibial and/or pedal 
arteries. Smooth narrowing of the vessels proximal 
to the block and corkscrew transformation of col- 
laterals were common, but irregularity of the proximal 
vessels was rare (Figs. 5, 6). 


Lipid studies 

The serum lipid values in patients and controls are 
set out in Table II. Mean levels of serum cholesterol 
and triglyceride were significantly greater in the 
patients. The ninety-fifth percentile in the control 
group was 5:99 mmol/l for cholesterol and 2-28 mmol/l 
for triglyceride. There was no significant difference 
between serum lipid levels in controls under 40 years 
of age and those over 40. 

Table III shows the type and prevalence of hyper- 
lipidaemia in each clinical group; the overall preva- 
lence was 32 per cent. The prevalence in each clinical 
group was significantly greater than that in the con- 
trol group. The prevalence of hyperlipidaemia was 
similar in the distal and femoropopliteal groups (7? — 
0-089, P 0-5), but significantly greater in the aorto- 
iliac group (y? = 6:929, P< 0:01). 


Other features 

Polycythaemia (haemoglobin > 16-0 g/dl) was present 
in 20 per cent of the cases. Hypertension (blood pres- 
sure > 150/90 mmHg) was present in 20 per cent of 
cases. Ischaemia of the fingers in those with distal leg 
disease was due to distal arterial occlusion in the 
upper limb. In the femoropopliteal group it was due 
to either proximal or distal disease of the upper limb 
arteries. However, half of those in group 2 with 
distal disease of the upper limb arteries had one or 
more indications of atheroma (see below). Upper 
limb ischaemia was uncommon in the aorto-iliac 
group. 


Discussion 

Our hospital is a major referral centre for South 
India and many of the patients in this series had hap 
previous surgery, particularly lumbar sympathectomy. 
Smaller hospitals in the area may therefore see more 
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Fig. 3. Femoral arteriogram in a 57-year-old man. Blood pressure 160/100 mmHg. A bruit could be heard over the 
femoral artery. There is a block of the superficial femoral artery in the adductor canal. The popliteal and tibial 
arteries are patent with a good ‘run-off’ into the plantar vessels. 





Fig. 4. Femoral arteriogram in a 39-year-old man. Blood pressure and serum lipids were normal. A bruit was heard 
over the subclavian artery in the neck and the brachial and radial pulses were absent. The superficial femoral and 
popliteal arteries are occluded. Tortuous collaterals are present. More distal films showed patency of the middle third 
of the posterior tibial artery in the leg and fine collaterals in the foot. 
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Fig. 5. Femoral arteriogram in a 51-year-old man. 

Blood pressure 110/90 mmHg. Haemoglobin 17:7 g/dl. 
The tibial vessels taper in the upper third of the leg. Some 
crenation of the popliteal artery and ‘root-like’ collaterals 
from the posterior tibial artery are present. 





Fig. 6. Femoral arteriogram in a 45-year-old normotensive 
man. The femoral, popliteal and upper tibial vessels were 
patent. The anterior tibial artery tapered in the upper 

leg. The posterior tibial artery is shown breaking up 

into tortuous collaterals above the ankle. The dorsalis 
pedis artery is not filled. 


Table II: SERUM LIPID VALUES IN PATIENTS AND CONTROLS 


Patients 
No. Mean + s.d. (mmol/l) 
Serum cholesterol 68 4-851 + 1-330 
Serum triglyceride 68 1:813 + 1:095 


Table III: PREVALENCE OF HYPERLIPIDAEMIA 


Type of hyperlipidaemia 


Controls 
No. Mean-s.d. (mmol/l) t P 
44 4:383 +0-805 2:3202 < 0-05 
44 1:411 +0-433 2:7421 < 0-01 


No. of Total 
Group patients Ila IIb IV hyperlipidaemia P 
l 20 3 5 3 11 (33%) — 0-001 
2 33 4 l 2 7 (21%) — 0-05 
3 16 l 2 l 4 (25%) <0-02 
Total 69 8 8 6 22 (32%) 





Hyperlipidaemia: Serum cholesterol >5-99 mmol/l and/or serum triglyceride >2-28 mmol/l. 


patients with disease in the early stages, especially 
those with distal block, but no data are available to 
confirm this. 

When this series is compared with Western patients 
suffering from non-diabetic peripheral vascular dis- 
ease, one striking difference is the youthfulness of the 
patients in all our groups. The association with 
smoking and male sex reported by others is confirmed 
in our series. However, our data do not establish a 


~clear difference between beedi smoking and cigarette 


smoking, either in those with distal disease or in those 


. with atheroma. Polycythaemia and hypertension occur 


in some cases in all groups. 
Another difference from Western series is the pres- 
ence in our series of a group of patients with distal 


disease involving the pedal and calf vessels, with 
occasional extension into the popliteal artery (rarely 
the process may extend up to the external iliac artery). 
On arteriography the proximal vessel is smooth and 
often tapers towards the obstruction. These patients 
may have digital ischaemia without evidence of 
proximal subclavian or brachial arterial disease. Some 
patients in this group have hyperlipidaemia, but other 
indications of atheroma are absent. 

The indications of atheroma are considered to be 
hyperlipidaemia, systolic bruit over the femoral artery 
or in the supraclavicular fossa, segmental occlusion 
localised either to the aorta and common iliac arteries 
or to the superficial femoral artery and irregularity of 
the artery proximal to the obstruction (Juergens, 1972). 


One or more of these indications was present in 24 
out of 25 patients in the aorto-iliac group (96 per 
cent) and in 27 out of 42 patients in the femoropopli- 
teal group (64 per cent). Fifty-five per cent of the 
aorto-iliac group had hyperlipidaemia; this may be 
compared with Western series in which 40-60 per 
cent of patients with atherosclerotic peripheral vasc- 
ular disease have hyperlipidaemia (Juergens et al, 
1960; Greenhalgh et al., 1971; Leren and Haabrekke, 
1971; Skrede and Kvarstein, 1975) and argues strongly 
for an atheromatous aetiology for this condition 
which occurs in relatively young people. 

Patients with femoropopliteal block fall between 
the other two groups. Some seem to have proximal 
extension of the distal disease while others have lesions 
characteristic of atheroma on arteriography and show 
signs of hyperlipidaemia and other indications of an 
atheromatous aetiology despite their relatively young 
age. Some patients in this group had distal upper limb 
arterial occlusion associated with one or more of the 
indications for atheroma, which casts doubt on the 
specificity of this feature for thromboangiitis obli- 
terans. 

The distal form of the disease is similar to that 
which presents in other parts of South-East Asia and 
which appears to be Buerger's disease. Filariasis 
mimics thrombophlebitis and is endemic in southern 
India so that we cannot make a reliable assessment 
of the prevalence of venous involvement, but it was 
Observed to occur in a few cases. In addition to 
Buerger's disease, however, we have now identified 
a second form of disease with an atheromatous aetio- 
logy coexisting in patients from the same region. 
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Peritoneal lavage in appendicular peritonitis 


D. J. STEWART AND N. A. MATHESON* 


SUMMARY 

Peritoneal lavage resulted in a significant reduction in 
the duration of hospital stay in a retrospective series 
of 189 children with peritonitis secondary to perforation 
of the appendix. Antibiotic peritoneal lavage also re- 
sulted in a significant reduction in the number of chil- 
dren with septic and adhesive complications compared 
with antiseptic lavage and no lavage, mainly as a 
result of fewer wound infections. The overall incidence 
of residual intraperitoneal infection was low, and al- 
though differences in this respect were not significant, 
none of the children treated with antibiotic peritoneal 
lavage required reoperation for intraperitoneal sepsis. 


THE value of peritoneal lavage in the management 
of peritonitis is unproved. Some consider it inappro- 
priate in peritonitis of appendicular origin, which is 
generally safely treated by standard methods (Lancet, 
1976). Nevertheless, there is no room for compla- 
cency in this common condition which is associated 
with considerable morbidity and some mortality 
(Pledger and Buchan, 1969). We have used intra- 
operative antibiotic peritoneal lavage in all our 
patients with peritonitis in the past 12 years, and in 
an effort to assess lavage more critically, we have 
reviewed the course of children with perforated 
appendicitis treated at the Royal Aberdeen Children's 
Hospital during the period 1965-74 inclusive. 


Patients and methods 

During the period 1965.74 inclusive 1179 children were treated 
for acute appendicitis: 19 children had a localized appendix 
mass or abscess managed either conservatively or by drainage, 
while the remaining 1160 children underwent appendicectomy 
shortly after admission. From information in the operation 
notes and pathology reports, the appendix was classified as 
inflamed in 804 cases, gangrenous in 167 and macroscopically 
perforated in 189, and it is this last group which is considered 
in this report. 

All children were treated by appendicectomy. Peritoneal 
exudate was removed by suction. Peritoneal lavage was used 
according to the individual preference of three consultant 
surgeons, one of whom favoured tetracycline lavage, another 
noxythiolin lavage while the third did not use lavage. 
Peritoneal drains, wound drains and systemic antibiotics were 
used according to the choice of the registrar or consultant 
performing the operation. 


Technique of lavage 
Fibrinous adhesions and loculations were broken down and 
therough peritoneal suction toilet performed. Normal saline 
solution containing either tetracycline (1 g/l) or noxythiolin 
(10 g/l) was poured into the peritoneal cavity and gently 
agitated by rocking the abdominal wall to and fro or by 
agitation with a hand in the peritoneal cavity. In particularly 
ill children with extensive peritonitis, laparotomy was per- 
formed through a right paramedian incision to allow eviscera- 
tion of bowel loops and to give access for lavage of the whole 
peritoneal cavity. Sufficient fluid was used to obtain a final 
clear return on aspiration; this volume was usually between 
0-3 and 1-51 but sometimes exceeded 2-01. Almost all the 
lavage fluid was aspirated before closing the peritoneal cavity. 
The abdominal incision was bathed during lavage and again 
dugng closure. 

Data were abstracted restrospectively from the case records 
on the use of lavage, drains and antibiotics, and on incidence 


Table 1: USE OF DRAINS AND ANTIBIOTICS 


Tetracycline Noxythiolin No 
lavage lavage lavage P 
No. of children 58 59 72 — 
Wound drain 24 28 36 n.s. 
Peritoneal drain 30 33 50 n.s. 
Systemic antibiotic 52 46 37 n.s. 
c uM t pt ott LE 


Table H: INCIDENCE OF COMPLICATIONS 


Tetra- Noxy- 
cycline thiolin No 
lavage lavage lavage P 
No. of children 58 59 72 a 
Septic or adhesive 9 22 30 « 0-01 
complications 
Wound infection 5 19 21 « 001 
Intraperitoneal infection 4 4 6 n.s 
Reoperation for intra- 0 3 3 n.s 
peritoneal infection 
Reoperation for adhesions ] 2 3 n.s. 
(minimum follow-up 
1 year) 


serine MMC CR C NARHA Nearest RENE 


of complications and duration of hospital stay after operation. 
Statistical comparisons of drain and antibiotic use and of 
complications in the three treatment groups were made by 
j^ on 3x2 contingency tables. The duration of hospital stay 
from the time of operation was compared in the three groups 
by the Kruskal-Wallis one-way analysis of variance by ranks 
(Siegel, 1956) and subsequently two groups were compared at 
a time by Wilcoxon's test. 


Results 

Fifty-eight children were treated with tetracycline 
lavage, 59 with noxythiolin lavage and 72 without 
lavage. There were no significant differences between 
the groups in respect of the use of drains and antibio- 
tics (Table I). There were no deaths. The incidence of 
complications is shown in Table II. Wound infection 
was defined as a discharge of pus from the incision, 
lesser degrees of inflammation being ignored. The 
differences between the number of children with 
septic and adhesive complications and the number 
of children with wound infections were statistically 
significant (P« 0:01 for both) and this difference is 
attributable to the tetracycline lavage group. Wound 
infection occurred in only 8:6 per cent of this group 
compared with 32:2 per cent of the group treated 
with noxythiolin lavage and 29-2 per cent of the 
group not treated with lavage. There were no signi- 
ficant differences in the number of children with 
residual intraperitoneal infection and in the number 
requiring reoperation either for intraperitoneal sepsis 
or adhesions, but only 1 child required reoperation 
after tetracycline lavage compared with 5 after noxy- 
thiolin lavage and 6 of those not treated with lavage. 
Reoperation was not required for residual intraperi- 
toneal sepsis after tetracycline lavage but was neces- 
sary in 3 children in each of the other groups. The 
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nature of the residual intraperitoneal infections in 
each treatment group and their outcome is shown in 
Table IH, 

The duration of hospital stay for the three treat- 
ment groups is shown in Fig. 1, the medians, means 
and standard errors in Table IV and the results of 
the statistical analysis in Table V. The Kruskal- 
Wallis test established a significant difference in the 
duration of stay occurring between the three treat- 
ment groups and Wilcoxon's test showed significant 
reductions in the duration of hospital stay in both 
lavage groups compared with the no lavage group 
but there was no significant difference between the 
lavage groups themselves. 


Discussion 

Peritoneal lavage is not a new technique and was 
practised in the earliest days of surgery for perito- 
nitis (Cope, 1939). Lavage may be exclusively intra- 
operative (Noon et al, 1967; Hudspeath, 1975) or 
may be continued after operation by introducing 
fluid through ene or more peritoneal drains; Gjessing 
and Tomlin (1974) used lavage only after operation. 
Antibiotics or antiseptics may be added to the lavage 
fluid. Few surgeons have had the opportunity to 
study in any numbers those seriously ill patients with 
late peritonitis in whom McKenna et al. (1970) and 
Bhushan et al. (1975) have reported significant reduc- 
tions in mortality following treatment with operative 
saline lavage and continuous postoperative antibiotic 
lavage. Late presentation with advanced appendicular 
peritonitis is fortunately rare, and intraoperative 
lavage alone has the advantage of simplicity and 
certainty of widespread distribution of antibiotic 
without any risk of fluid or electrolyte imbalance, 
which cannot be guaranteed in postoperative lavage. 

Noon et al. (1967), in a study of 92 patients with 
perforated appendix treated with operative lavage 
using either saline or antibiotic in saline, found a 
significant reduction in the number of infections after 
antibiotic lavage, due entirely to a reduction in wound 
infection. Aune (1965), in 40 patients with perfor- 
ated appendix, showed that a single dose of intra- 
peritoneal antibiotic supplementing otherwise con- 
ventional treatment significantly reduced the number 
of patients with complications. Wound infection was 
* halved but did not achieve statistical significance in 
this study. DiVincenti and Cohn (1971), comparing 
single and repeated postoperative intraperitoneal anti- 
biotic instillations in 101 patients with perforated 
appendix, showed significant reductions in the num- 
ber of patients with complications and the number 
of wound infections following repeated antibiotic 
instillations. Intraperitoneal infection was reduced 
but did not achieve statistical significance. Fowler 
(1975), in 69 children with ‘complicated’ appendicitis, 
showed that repeated postoperative intraperitoneal 
antibiotic instillations following operative saline 
lavage significantly reduced the incidence of intra- 
peritoneal infection but had no benefit on the inci- 
dence of wound infection. 

The evidence from these clinical studies suggests a 
considerable advantage from the use of intraperitoneal 
antibiotics in perforated appendicitis whether as a 
lavage or an installation. This benefit is predominantly 
due to the reduction of wound infection and the 
it is possible that topical antibiotics applied to 


* incisions either as a powder (Rickett and Jackson, 
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Noxythiolin 
lavage (59) 


Tetracycline 
lavage (58) 


Fig. 1. Duration of hospital stay. 


No lavage 
Days (72) 


Table HII: RESIDUAL INTRAPERITONEAL 
INFECTIONS 





Tetracycline lavage 

Pelvic cellulitis 

Right paracolic cellulitis 

Pelvic abscess discharged per rectum 

Abdominopelvic abscess discharged via grid-iron incision 


Noxythiolin lavage 

Pelvic abscess discharged per rectum 

Abdominopelvic abscess drained via grid-iron incision (2)* 

Pelvic, left paracolic and left subphrenic abscesses drained at 
reoperation : 


No lavage 

Diffuse peritonitis; tetracycline lavage at reoperation 
Pelvic cellulitis 

Pelvic abscess settling spontaneously (2) 

Pelvic abscess drained per rectum 

Right paracolic abscess drained via grid-iron incision 





* One with subsequent right paracolic abscess, interloop 
abscess and faecal fistula. 


Table IV: DURATION OF HOSPITAL STAY (DAYS) 


Tetracycline Noxythiolin No 
lavage lavage lavage 
Median 9 10 12° 
Mean 10-26 11-54 14-19 
S.e. mean 0-58 0-78 0-93 





Table V: STATISTICAL ANALYSIS OF DURATION OF 
HOSPITAL STAY 


Kruskal-Wallis test H P 
All groups 9-1 <0-05 
Wilcoxon's test C P 
Tetracycline lavage v. no lavage 4-6 <0-001 
Noxythiolin lavage v. no lavage A52 «o 
Tetracycline lavage v. noxythiolin lavage 1-0 n.s 
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1969) or as a solution (Longland et al., 1971) may be 
equally effective. However, the 8-6 per cent wound 
infection rate which we have obtained after tetra- 


cycline lavage is impressively low. In addition, we. 


have shown that antibiotic lavage is significantly 
better than either saline lavage or intraperitoneal 
antibiotic in preventing mortality from severe faecal 
peritonitis in the rat (Stewart and Matheson, 1978). 
The very low residual mortality after antibiotic 
lavage in experimental peritonitis makes the value of 
additional postoperative antibiotic lavage or intra- 
peritoneal antibiotic instillation questionable, and it 
is logical to extend these experimental observations 
to clinical practice and perform intraoperative anti- 
biotic lavage in all patients with peritonitis. 

Our review of 189 children with peritonitis secon- 
dary to perforation of the appendix shows that the 
incidence of septic and adhesive complications, and 
wound infection in particular, was reduced after anti- 
biotic peritoneal and wound lavage. Antiseptic lavage 
with noxythiolin was ineffective in this respect. The 
duration of hospital stay was significantly reduced 
after lavage with either tetracycline or noxythiolin 
compared with no lavage but the difference between 
the two lavaged groups was not significant. Residual 
intraperitoneal infection was equally distributed in 
the three groups, but reoperation for intraperitoneal 
sepsis was not required in children treated with tetra- 
cycline lavage. In addition to these objective benefits 
of antibiotic lavage, we have a firm subjective impres- 
sion, shared by others (Gjessing and Tomlin, 1974), 
that children treated with peritoneal lavage show a 
more rapid resolution of abdominal discomfort and 
a quicker return to well-being. We believe that the 
significant reduction in complications and in duration 
of hospital stay are convincing evidence in favour of 
operative tetracycline lavage in peritonitis. 
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. Peritoneal lavage in faecal peritonitis in the rat 
D. J. STEWART AND N. A. MATHESON* 


SUMMARY 

Intraoperative antibiotic peritoneal lavage was signifi- 
cantly better than systemic antibiotic in preventing 
death from induced faecal peritonitis in the rat. Its 
efficacy was due to the combined effects of lavage and 
intraperitoneal antibiotic, each factor alone being 
significantly inferior to the combined effect of both. 
Antiseptic lavage was less effective than antibiotic 
lavage. 


THE use of antibiotic peritoneal lavage in the manage- 
ment of peritonitis is controversial and has recently 
been the subject of lukewarm editorial comment 
(Lancet, 1976). Nevertheless, there is sound clinical 
evidence that it reduces the incidence of wound 
infection complicating peritonitis (Noon et al., 1967; 
Stewart and Matheson, 1978), and, on the basis of its 
routine use in all cases of peritonitis during the past 
12 years, we are convinced of its value. 

In view of the many difficulties in conducting a 
controlled clinical study of antibiotic lavage in faecal 
peritonitis, and the inadequacy of most previous 
experimental studies, we have performed a study in 
rats to assess the potential of antibiotic peritoneal 
lavage, evaluate its components and compare it with 
antiseptic lavage. 


Materials and methods 

Experiments were performed in female Sprague-Dawley 
rats weighing 200-300 g. Ten per cent w/v suspensions of 
homogenized rat faeces in nutrient broth containing 10 per 
cent v/v glycerol were prepared in bulk for each experiment, 
filtered through one layer of surgical gauze and stored in 6-mi 
aliquots in universal containers at —25 °C. When required, 
they were rewarmed in a water bath to 37 °C and immediately 
injected intraperitoneally through a 16-gauge stainless-steel 
needle which allowed easy passage of the particulate matter in 
the suspension. Preliminary experiments showed that lethal 
faecal peritonitis was readily induced by this method and that 
the LD,, of the faecal suspension remained unchanged during 
storage at —25 °C for 3 weeks. 

The bacterial flora of the faecal suspensions used in each 
experiment and the LD,, are shown in Table 7. Lactobacilli 
were the predominant anaerobic bacteria, bacteroides being 
largely lost during homogenization which was performed 
outwith an anaerobic environment. Aerobes comprised 
under 1 per cent of the total bacterial flora. 

Severe peritonitis was induced by intraperitoneal injection 
of 3-5 times the predetermined LD,, of preserved faecal 
suspension. Laparotomy was performed under ether anaes- 
thesia | hour later through a long midline abdominal incision. 

Suitable antibiotics for each experiment were predetermined 
from aerobic and anaerobic culture of peritoneal exudate and 
sensitivity tests in 5 untreated rats; these are shown in Table H. 
Ampicillin was used in experiments 1 and 2 and cephaloridine 
in experiment 3 (see below). Potential antibiotic toxicity was 
assessed by intraperitoneal injection of 100 mg ampicillin or 
cephaloridine in 5 rats each. 

Operative peritoneal toilet was performed with surgical 
gauze to absorb exudate and free particulate debris and to 
clean adherent debris from the omentum, intestinal loops and 
peritoneal recesses. Peritoneal lavage was performed with 4 
aliquots of normal saline with or without antibiotic or anti- 
septic, 3 of 25 ml and 1 of 20 mi. After gentle agitation for 
1 min each aliquot of fluid was aspirated. The peritoneal cavity 
was mopped dry and the final 5 ml of the 100-ml lavage was 
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instilled into the peritoneal cavity during abdominal closure. 
Non-lavaged rats were made comparable for determination of 
possible extracellular fluid gain by subcutaneous injection of 
10 ml normal saline at the completion of laparotomy. 

Systemic antibiotics were administered intramuscularly into 
the thigh at completion of laparotomy and 8-hourly for 5 days. 
Intraperitoneal antibiotics were added to the lavage solution . 
(i g/l) or applied topically as a powder. Intraperitoneal anti- 
septics were added to the lavage solution (noxythiolin 0-1 g/l; 
povidone-iodine 0-2 g/l). AH solutions were freshly prepared 
and warmed to 37 *C immediately before use. 


Table I: BACTERIAL FLORA AND LD,, OF FAECAL 
SUSPENSIONS 


Bacteria Expt 1 Expt 2 Expt 3 
Total anaerobes 9-6 x 1019 9-2 x 1019 tix 1042 
S. faecalis 6:2 x 108 6:5 x 108 6:6 x 108 
E. coli 1-8 x 107 1-4 x 107 1-9 x 107 
Proteus 3-9 x 10€ 3-7 x 108 1-0x 108 
Klebsiella Present but 1-5 x 101 1-2 x 104 

not counted 
LD,, 0-6 ml 0-7 ml 0-9 ml 





Table H: ANTIBIOTIC SENSITIVITIES OF PERITONEAL 
EXUDATES 


Expt | Expt 2 Expt 3 
Ampicillin Ampicillin — 
Carbenicillin Carbenicillin Carbenicillin 
Gentamicin Gentamicin Gentamicin 

= Cephaloridine Cephaloridine 





Experiments were performed on 16 groups of 3 litter mates, 2 


24 groups of 4 litter mates and 12 groups of 3 litter mates, 
treated as follows. 
Experiment 1 

Group |. Laparotomy: subcutaneous saline. 

Group 2. Peritoneal toilet: subcutaneous saline: systemic 
ampicillin 5 mg end-operative and 8-hourly for 5 days. 

Group 3. Peritoneal toilet: peritoneal lavage with 100 ml 
ampicillin in saline. 

Experiment 2 

Group 1. Peritoneal toilet: subcutaneous saline. 

Group 2. Peritoneal toilet: peritoneal lavage with 100 ml 
saline. 

Group 3. Peritoneal toilet: peritoneal lavage with 100 ml 
ampicillin in saline. 

Group 4. Peritoneal toilet: topical intraperitoneal ampicillin 
powder 100 mg: subcutaneous saline. 

Experiment 3 

Group 1. Peritoneal toilet: peritoneal lavage with 100 ml 
cephaloridine in saline. 

Group 2. Peritoneal toilet: peritoneal lavage with 100 ml 
noxythiolin in saline. 

Group 3. Peritoneal toilet: peritoneal lavage with 100 ml 
povidone-iodine in saline. 

All rats were weighed immediately before, during and im- 
mediately after laparotomy to assess losses of peritoneal 
exudate during peritoneal toilet and weight gain during 
peritoneal lavage. All rats that died of peritonitis had post- 
mortem cultures performed on peritoneal exudate. 

Statistical analysis was by Fisher’s exact test. 
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Table HI: SURVIVAL OF RATS IN EXPERIMENT 1 
NO. Survivors p^ 
Group 1 
Laparotomy only 15 0 0 
Group 2 
Systemic antibiotic 16 3 19° 
Group 3 ‘a 002 
Antibiotic lavage 16 13 81 


Table IV: SURVIVAL OF RATS IN EXPERIMENT 2 





No. Survivors A 
Group I 
Toilet only 24 9 
Group 2 P0002 
Saline lavage 24 11 46 
Group 3 P «0-002 
Antibiotic lavage 23 22 96 
Group 4 P<0-02 
Topical antibiotic 24 15 63 


Table V: SURVIVAL OF RATS IN EXPERIMENT 3 


No. Survivors yA 





Group 1 
Antibiotic lavage 
Group 2 
Noxythiolin lavage 
Group 3 
Povidone-iodine 
lavage 


12 1i 92s 
005<P<01 
12 6 50 


12 3 2° 





* Group | v. group 3, P<0-01. 


Results 

There was no toxic reaction in the test rats injected 
intraperitoneally with 100 mg ampicillin or cephalori- 
dine. 

Induction of peritonitis by 3-5 times the LD,, of 
faecal suspension produced a profound illness of rapid 
onset and by 1h all rats were obviously sick. At 
laparotomy there was evidence of a well-established 
reaction to the injected suspension. There was a large 
peritoneal exudate (mean 6 g, s.d. 1:3 g) in the 164 rats 
treated with peritoneal toilet. Much of the particulate 
debris in the faecal suspension was trapped on the 
omentum while the remainder was adherent to visceral 
surfaces or clumped in fibrin in the peritoneal fluid. 
The weight gains in the 100 lavaged rats (mean 6 g, 
s.d. 1-3 g) showed that the extracellular fluid loss 
caused by the peritoneal exudate had been adequately 
replaced by the lavage, including the 5 ml of residual 
fluid left in the peritoneal cavity. Rats treated without 
lavage and given 10 ml subcutaneous saline post- 
operatively were at least as well compensated for 
extracellular fluid loss as lavaged rats. There were 2 
deaths during anaesthesia and these have been ex- 
cluded in the analysis of results. 

In experiment 1 (Table HI) there were no survivors 
following laparotomy only. Three of 16 rats (19 per 
cent) survived after peritoneal toilet and systemic 
antibiotic and 13 of 16 rats (81 per cent) survived after 
peritoneal toilet and antibiotic lavage. The difference 
between these groups is statistically highly significant 
and the value of antibiotic lavage in severe peritonitis 
is clearly established. 

In experiment 2 (Table IV) there were no survivors 
fgllowing peritoneal toilet only. Eleven of 24 rats 
(46 per cent) survived after peritoneal toilet and saline 
lavage and 22 of 23 rats (96 per cent) survived after 


peritoneal toilet and antibiotic lavage. In contrast, 
only 15 of 24 rats (63 per cent) survived following 
peritoneal toilet and topical intraperitoneal antibiotic. 
Saline lavage was significantly better than peritoneal 
toilet and antibiotic lavage was significantly better 
than saline lavage. The effect of topical antibiotic was 
intermediate but still significantly inferior to antibiotic 
lavage. The efficacy of antibiotic lavage was therefore 
dependent both on the lavage itself and the antibiotic 
in the lavage solution. 

In experiment 3 (Table V)11 of 12 rats (92 per cent) 
survived after antibiotic lavage. After noxythiolin 
lavage 6 of 12 rats (50 per cent) survived and after 
povidone-iodine lavage 3 of 12 rats (25 per cent) 
survived. The pronounced benefits of antibiotic 
lavage are not matched by antiseptic lavage in the 
doses tested. Higher doses of both antiseptics were 
associated with increased mortality rates (Stewart, 
1978). While povidone-iodine lavage is significantly 
inferior to antibiotic lavage, the number of rats 
studied was too small to demonstrate a statistically 
significant inferiority of noxythiolin. 

Al rats that died showed offensive seropurulent 
or fibrinopurulent peritonitis depending on its 
duration. Bacterial cultures showed mixed growths 
of Escherichia coli, proteus and klebsiella with 
occasional Streptococcus faecalis. Lactobacilli and 
bacteroides were seldom identified. Cultures were 
heaviest in the peritoneal toilet only group, moderate 
to heavy in the systemic antibiotic and saline lavage 
groups, relatively light in the intraperitoneal antibiotic 
group and scanty in the antibiotic lavage group. 


Discussion 

Peritoneal lavage, intraperitoneal antibiotics or 
antiseptics and postoperative peritoneal lavage have 
all been advocated in the management of severe 
peritonitis. It is likely, however, that peritoneal toilet 
and systemic antibiotics remain the ‘conventional 
treatment’ used by most surgeons in Britain at the 
present time. 

Most clinical publications on lavage report hetero- 
geneous groups which are poorly or uncontrolled. 
However, McKenna et al. (1970) and Bhushan et al. 
(1975) achieved significant reductions in mortality 
from advanced peritonitis treated with saline lavage 
and postoperative continuous antibiotic lavage 
compared with conventional treatment, and Noon 
et al. (1967) showed significant reductions of infective 
complications in 205 patients treated with antibiotic 
lavage compared with 199 patients treated with saline 
lavage. 

Many experimental studies have been inadequate 
because of small numbers of animals, bacteriologically 
inconstant or inappropriate models of peritonitis and 
failure to assess adequately the value of systemic 
antibiotics. DiVincenti and Cohn (1966), in a dog 
model of untreated appendicular peritonitis, have 
shown intraperitoneal antibiotics to be significantly 
better than intramuscular antibiotics. Artz et al. 
(1962), in a dog model of faecal peritonitis induced by 
intraperitoneal injection of dubiously ‘standardized’ 
faecal suspension, have shown that saline lavage 
significantly improves the survival of dogs given 
intraperitoneal antibiotics. Caridis et al. (1969), in two 
different models of faecal peritonitis in rats, have 
shown the value of continuous postoperative antibiotic 
lavage compared with systemic antibiotics. 


In constructing the present study our objectives 
were to eliminate bacteriological and biological 
variables and to subject rats to severe peritonitis 
which might, however, be modified by treatment. 
Bacteriological variables were excluded by inducing 
peritonitis with a defined dose of preserved rat faecal 
suspension. Crowther (1971) has shown that such 
faecal suspensions in nutrient glycerol broth may be 
stored at —25 °C for 4 weeks without significant losses 
of viable bacteria and our preliminary studies showed 
that the virulence of the suspension was unchanged 
during storage. Nutrient glycerol broth itself is 
non-toxic. The avoidance of colonic trauma as the 
source of the peritonitis eliminated variations in the 
degree of contamination and the bacterial composition 
and ensured that postoperatively there was no 
continuing source of peritoneal reinfection. 

The challenging dose of 3-5 times the predetermined 
LD,, produced very severe conditions for testing the 
treatment. Laparotomy and peritoneal toilet, reflecting 
orthodox surgical practice, were common to all rats so 
that each method of treatment was assessed in rats 
with no more than residual peritoneal contamination. 
Nevertheless, the degree of contamination was such 
that modification of survival by treatment varied 
between 0 and 96 per cent. The relative absence of 
bacteroides in the faecal suspension does not detract 
from our observations because experiments were 
performed on an otherwise mixed faecal bacterial 
population with appropriate antibiotics determined 
from culture and sensitivity of the peritoneal exudate 
following in vivo passage of the faecal suspension. 

It is valid therefore to conclude from this study that 
intraoperative antibiotic peritoneal lavage is highly 
efficacious in the treatment of experimental faecal 
peritonitis in rats. Its benefits are due to the combined 
effects of lavage and intraperitoneal antibiotic, and 
comparable benefits were not obtained with antiseptic 


St 


Peritoneal lavage in faecal peritonitis 59 


peritoneal lavage. These results support our strong 
clinical conviction based on 12 years' experience that 
antibiotic peritoneal lavage using a broad spectrum 
antibiotic effective against aerobic and anaerobic 
bacteria (tetracycline 1 g/l) is advantageous in the 
treatment of peritonitis. 
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Arterial anastomoses in renal transplantation 


J. G. MOSLEY AND J. E. CASTRO* 


SUMMARY 

A consecutive series of 260 renal transplants was 
analysed to find the outcome of different arterial anas- 
tomoses. In 177 cases the renal vessel was anastomosed 
to the end of the internal iliac artery; 15 per cent 
developed vascular complications. Thirty-eight of these 
patients subsequently underwent allograft nephrectomy; 
none died from haemorrhage. 

In 83 patients the renal vessel was anastomosed end 
to side to the iliac artery, and vascular complications 
occurred in 14 per cent. Thirty-two patients subsequently 
underwent allograft nephrectomy; 8 were associated 
with severe haemorrhage and 5 of these were fatal. 


A SHORTAGE of cadaveric kidneys and the difficulties 
in finding matched recipients make it obligatory that 
no kidneys should be wasted because of an anomalous 
arterial supply. Furthermore, dispute exists as to 
whether kidneys with a single artery on a patch 
should be anastomosed to the side of the external 
iliac artery or should the patch be removed and the 
renal artery anastomosed to the end of the internal 
iliac artery. 

The aim of this study was to analyse the results of 
different types of arterial anastomoses used in 260 
consecutive renal transplants. 


Patients and methods 

The outcome of 260 consecutive kidney allografts performed 
in 217 patients at Hammersmith Hospital from February 
1961 to March 1976 were studied. There were 152 operations on 
men and 108 on women. In 75 cases the kidney was taken froma 
living donor, and in 185casesfroma cadaver. The graft was placed 
in the right or left iliac fossa. The techniques that were em- 
ployed are shown in Figs. 1 and 2. The various arterial anasto- 
moses used were analysed and the incidence of immediate and 
long term complications noted. 

In this paper a primary haemorrhage was considered to 
have occurred if it took place within 6 h of the transplanta- 
tion or allograft nephrectomy, while a secondary haemorrhage 
was considered to be any severe bleed later than 6h after 
operation. 

The diagnosis of renal artery stenosis is difficult since 

routine angiography frequently demonstrates some narrowing 
at the anastomosis. In this study the lesion was regarded as 
significant only if a further corrective operation was required 
for severe hypertension or deteriorating renal function, with 
angiographic evidence of at least 60 per cent reduction in the 
diameter of the lumen (Fig. 3). Renal artery thrombosis was 
an angiographic (Fig. 4) or a clinical diagnosis, which was 
subsequently confirmed at operation. 
"The occurrence of limb ischaemia as a complication of 
allograft nephrectomy was assessed clinically. External iliac 
artery occlusion resulting from ligation of the vessel during 
nephrectomy was also noted. 


Results 
In 212 cases there was a single renal artery (Table I) 
which was anastomosed either to the end of the 
internal iliac artery (138 cases) or to the side of the 
common or external iliac artery (54 cases). In 30 of 
the cases where an end-to-side anastomosis was per- 
formed the donor renal artery was on an aortic patch. 
In 48 cases the donor kidney had multiple vessels 
(Table II). In 28 of these the vessels were on an aortic 
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patch which was sutured to the side of the external 
iliac artery. In 7 a polar vessel was tied and the main 
renal artery anastomosed end to end to the internal 
iliac, while in 12 cases two adjacent renal arteries 
were pantalooned and anastomosed either to the end 
of the internal iliac artery or in one case to the side 
of the external iliac artery. In a single case the two 
renal arteries were sutured end to end to the two 
main divisions of the internal iliac artery. 


Table I: TYPE OF ANASTOMOSIS FOR SINGLE 
VESSELS 


Renal artery to end of internal iliac artery 158 
Renal artery to side of common iliac artery 4 
Renal artery to side of external iliac artery 20 
Renal artery on a patch to side of external 30 


and/or common iliac artery 


Total 


Table H: TYPE OF ANASTOMOSIS FOR MULTIPLE 
VESSELS 


Renal artery to end of internal iliac artery after 7 
polar vessel ligated 
Renal artery to bifurcation of internal iliac i 
artery 
Renal arteries on patch to side of common and/or 28 
external iliac artery 
Renal arteries pantalooned 12 
Total 48 


Altogether 177 patients underwent some form of 
end-to-end arterial anastomosis (Table HI). In 2 cases 
there was a primary haemorrhage and in another 2 
secondary haemorrhage. There were 15 cases of renal 
artery stenosis, and 7 patients developed renal artery 
thrombosis, 5 of whom had had initially good renal 
function. 

In 83 patients the renal vessels (30 of which in- 
volved multiple vessels), were anastomosed end to® 
side to the iliac arteries. As can be seen from Table IV, 
in this group there was an increased risk of anasto- 
motic bleeding and renal artery thrombosis, although 
there were no cases of renal artery stenosis. 

seventy of the transplanted kidneys were subse- 
quently removed, and Table V illustrates the outcome 
of the nephrectomy with reference to the arterial 
anastomosis. It was noted that haemorrhage after a 
nephrectomy was commoner if the anastomosis had 
been to the side of the iliac vessels than if the renal 
artery had been anastomosed to the end of the internal 
iliac artery. Further, in 5 patients who had had an end- 
to-side anastomosis the bleeding was so severe that they 
exsanguinated, while no patient bled to death follow- 
ing an allograft nephrectomy after an end-to-end 
anastomosis. In 5 patients with an end-to-side anasto- 
mosis the external iliac artery had to be tied off to 
control haemorrhage. This was necessary in only 2 
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Fig. 1. End-to-end anastomoses. A, Renal artery to internal iliac artery. B, Pantalooning of two renal arteries. C, Double 
renal arteries anastomosed to branches of the internal iliac artery. D, Ligation of polar vessel. 





Fig. 2. End-to-side anastomoses. A, Renal artery to external iliac artery. B, Vessels on a patch. C, Pantalooned vessels . 
. 4o the side of the external iliac artery. D, Renal artery to the side of the external iliac artery; polar vessel to the 
inferior epigastric artery. 
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Fig. 4. Renal artery and internal iliac artery. Thrombosis 
is arrowed. 





Fig. 3. Renal artery anastomosed to the end of the internal 
iliac artery. Site of severe stenosis is arrowed. 


Table III: COMPLICATIONS AFTER VARIOUS TYPES OF END-TO-END ANASTOMOSIS 





Haemorrhage Renal artery Renal artery 
Type of anastomosis No. of patients Primary Secondary stenosis thrombosis 
Renal artery to end of internal iliac artery 159 2 | 13 6 
Renal artery to end of internal iliac artery 7 0 0 0 | 
after ligation of polar vessel 
Pantalooned renal arteries to end of B 0 | 2 0 
internal iliac artery 
Total 177 2 2 15 7 


aaa —- E, E, EJ 
Table IV: COMPLICATIONS AFTER VARIOUS TYPES OF END-TO-SIDE ANASTOMOSIS 


Haemorrhage Renal artery Renal artery 
Type of anastomosis No. of patients Primary Secondary stenosis thrombosis 
Single renal artery to side of common 24 l 2 0 5 
and/or external iliac artery 
Single renal artery on a patch to side of 30 0 3 0 l 
common and/or external iliac artery 
Multiple renal arteries on a patch to side 28 0 3 0 l 
of common and/or external iliac artery 
Pantalooned arteries to side of external 1 0 0 0 0 


iliac artery 





Total 83 l 8 0 7 


Table V: COMPLICATIONS AFTER ALLOGRAFT NEPHRECTOMY WITH REFERENCE TO 
TYPE OF ANASTOMOSIS 


Haemorrhage Death following Death unassociated 
Type of anastomosis No. of patients Primary Secondary haemorrhage with haemorrhage 
Renal artery to end of internal iliac Ly. 3 2 0 2 
artery 
Renal arteries pantalooned to end l 0 0 0 0 
of internal iliac artery 
Renal artery on a patch to side of 21 0 5 4 0 
external iliac artery 
Renal artery to side of external 11 l 2 l 3 
è iliac artery 
Total 70 4 9 5 5 
ccc ——— e € iM E EE —— ned C M —— une — € (CÓ LM 


of those who had had an end-to-end anastomosis. Two 
of the patients who had had the external iliac artery 
ligated to control haemorrhage developed evidence 
of ischaemia of the limb; one required a femoral- 
popliteal thrombectomy to salvage the limb, while 
the other patient became claudicant. 


Discussion 

In view of the current shortage of donor kidneys 
(Report of the National Organ Matching Service, 
1974-5), it is important that all those offered for 
transplantation should be used (Salaman et al., 1974). 
The recipient of a kidney transplant is liable to 
develop a variety of postoperative complications, and 
although considerable attention has been directed to 
the immunological aspects of the procedure, it is 
important that the technical factors are not neglected 
(Kiser et al, 1971; Vidne et al, 1976). We have 
analysed our results to determine the safest method 
of constructing the arterial anastomosis and the 
complications of the different procedures. 

Renal artery stenosis has occurred almost exclu- 
sively following an end-to-end anastomosis in 3-8 
per cent of patients who have had a renal transplant 
(Osborn et al., 1976). However, the site of occur- 
rence of the stenosis, sometimes proximal or distal to 
the anastomosis, suggests that narrowing during the 
anastomosis is not the sole factor. 

A number of workers condemn the practice of 
ligating the polar vessels (Smith et al., 1962). This 
seems to be particularly hazardous if the polar vessel 
supplies the lower pole, as it probably plays a role 
in the vascularization of the ureter. Where possible, 
a polar vessel should be anastomosed to the iliac 
vessels, main donor renal artery or inferior epigastric 
artery (Merkel et al, 1976). However, 4 of our 7 
patients in whom a polar vessel was deliberately 
ligated had satisfactory renal function 12 months 
after the transplantation. The outcome of such cases 
depends upon the area of kidney supplied by the 
polar vessels. In our experience, ligation of small 
vessels has not adversely affected the outcome of 
transplantation and we have found that pulsatile 
perfusion of the kidney helps delineate the area sup- 
plied by the polar artery (Williams et al., 1978). 

Our experience indicates that if there is a single 


* renal artery without a patch, there is a lower incid- 


ence of technical complications if this is anastomosed 
to the end of the internal iliac artery compared with 
the side of the external iliac. If the artery is on an 
aortic patch, then an end-to-side anastomosis is 
associated with a similar incidence of complications 
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as an end-to-end anastomosis. However, the main 
problem with the end-to-side anastomosis is the 
increased risk of haemorrhage following an allograft 
nephrectomy, a procedure undertaken in about 25 
per cent of patients after transplantation (Schweizer 
et aL, 1973; Sinha and Castro, 1977). We therefore 
recommend that a single donor renal artery should 
be anastomosed to the end of the internal iliac artery, 
and where a patch is available this should be removed. 

When there are two arteries of equal size present 
without a patch, then it appears to be perfectly 
adequate to coapt the vessels to create a single orifice 
(pantalooned) to be anastomosed to the external 
iliac or the end of the internal iliac artery. However, 
it is technically considerably easier if the vessels are 
on a patch to perform an end-to-side anastomosis, 
which is probably the anastomosis of choice for 
multiple vessels, especially of unequal size (Salaman 
et al., 1969). 
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Pneumatosis coli: a familial association 
JOHN WESTON UNDERWOOD, DEREK FINNIS AND WILLIAM SCOTT* 


SUMMARY 

A woman and her son who both developed pneumatosis 
coli within a period of 6 months are described. No 
familial or cluster association has previously been 
reported. The aetiology of this uncommon disease is 
reviewed. 


PNEUMATOSIS cystoides intestinalis is an uncommon 
disease characterized by gas-filled cysts in the bowel 
wall and associated structures. Koss (1952) reviewed 
all 244 cases reported before 1952. Three types are 
recognized—infantile, secondary and primary. The 
infantile variety is an agonal event in neonatal gastro- 
enteritis (MacKenzie, 1951); the secondary occurs in 
the small bowel and right colon and is caused by 
proximal bowel disease; the primary form (pneuma- 
tosis coli) occurs in the left colon. 

Smith et al. (1958) collected all 31 cases of pneu- 
matosis coli described before 1958, but it appears that 
the disease has become more common recently. The 
aetiology of this variety is uncertain and we discuss 
the various theories in the light of the new finding of 
a familial association. 


Case reports 

Case 1: This female patient, aged 61, presented with a history 
of diarrhoea 20 times daily for 1 year. The motions were frothy, 
with excess mucus and flatus and associated with lower 
abdominal cramp-like pain. There was no rectal bleeding, nor 
weight loss. She had moderately severe chronic bronchitis and 
asthma, hypertension and severe depression necessitating 
frequent psychiatric admission. There was no recent indigestion 
but she had previously had a cholecystectomy for gallstones. 
When seen, she was taking methyldopa, nortriptyline and 
chloral. On examination, she was obese and slow, but there 
were no physical signs excepting multiple ‘polyps’ on rectal 
examination. Sigmoidoscopy revealed cysts from 7 cm which 
collapsed on biopsy without bleeding but with a loud ‘pop’. 
Plain abdominal X-ray confirmed pneumatosis from the distal 
transverse colon to rectum, one area showing a radio-opaque 
stripe in the centre of the lumen with gas on either side, as 
described by Kenney (1963) (Fig. 1). These findings were 
confirmed by barium enema examination, while the upper 
gastrointestinal tract was free of disease or cysts on barium 
meal examination. The sigmoidoscopic biopsies revealed the 
histological changes of submucosal pneumatosis. 

She was transferred to the Memorial Hospital for treatment, 
which has been reported by Wyatt (1975) (Case 4), and was 
given 100 per cent oxygen via a Pneumask at 101/min, with 
breaks for meals, for 7 days. Her Pao, during treatment was 
300 mmHg. The cysts had disappeared by the second day of 
treatment and have not recurred in the 18 months since. 
Case 2: This male patient, aged 34, was the son of Case 1, and 
lived with his mother. He presented 6 months after his mother 
with acute right pyelonephritis of 1 week’s duration. During 
that week he was constipated, but for the 2 months before he 
had watery diarrhoea with blood, mucus and excess flatus. He 
was a chronic schizophrenic with a history of many psychi- 
atric admissions and he was taking chlorpromazine, trifluo- 
perazine and nortriptyline. There was no history of gastro- 
intestinal or chronic lung disease. On examination he was 
slow and febrile, with right loin tenderness. Rectal examination 
was normal but sigmoidoscopy revealed cysts at 29 cm which 
cellapsed silently on biopsy, without bleeding. The biopsy 
revealed the typical histological changes of pneumatosis. A 
midstream specimen of urine confirmed a coliform urinary 
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Fig. 1. Plain abdominal X-ray detail of Case 1. showing the 
radiological features of pneumatosis coli, including Kenney’s 
sign. 


tract infection, which was successfully treated with sulpha- 
dimidine. On plain X-ray of the urinary tract there was 
pneumatosis of the colon from the splenic flexure to the mid- 
sigmoid colon. A barium meal and follow-through was normal, 
but a barium enema was refused by the patient. Magnesium 
sulphate bowel preparation was followed by colonoscopy, 
which revealed a few cysts at the splenic flexure. For a week 
afterwards the patient had no bowel symptoms and a plain 
X-ray confirmed regression of the cysts. The symptoms 
rapidly returned, but the patient refused further investigation 
or treatment and his symptoms are unchanged at 1 year. 


Aetiology 

The cause of pneumatosis coli is unknown, but any 
theory must account for the association with chronic 
obstructive airway disease, the success of oxygen 
therapy—as in our first case—and also the familial 
association reported here. 

Gas-producing tumour: This, the earliest theory, was 
suggested by Finney in 1908, but has been discarded 
in view of the benign nature of the disease. 
Gas-producing infection: If Clostridium perfringens is 
inoculated into the peritoneal cavity or colonic sub- 
mocosa of rats (Yale et al., 1974) or pigs (Stone et al., 
1968), an indistinguishable disease results. That this 
is not the sole cause of pneumatosis coli is suggested 
by the wide distribution of this organism in man. 
Mucosal breach theory: In secondary pneumatosis, 
the gas is believed to pass from the bowel lumen 
through a breach of the mucosa and is then swept on 
by peristalsis. Such a phenomenon is unlikely in 
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pneumatosis coli in view of the small number of 
cases with other bowel disease. Marshak et al. (1956) 
believe that some cases are caused by a breach of 
the mucosa during sigmoidoscopy. 

Dietary deficiency: Eveleth and Biester ( 1938) induced 
the disease in swine by feeding a deficient diet, but 
there is no evidence in man that diet influences the 
disease. 

Drugs: If drugs were responsible, it would explain 
the increasing incidence of the condition. Steroids are 
associated with small bowel disease, but practolol 
has been related to pneumatosis coli (Thein and 
Asquith, 1977). 

Diabetes: Colonic ischaemia due to the vascular 
effects of diabetes mellitus has been suggested (Varano 
and Bonanno, 1973). Four per cent of the reported 
cases were noted to have diabetes. 

Local ischaemia: This is suggested by the predilection 
for the splenic flexure and the association with respir- 
atory disease. Inferior mesenteric angiography, how- 
ever, is normal (Lunderquist et al., 1973). 
Pulmonary theory: This is the most-favoured theory 
and is based on the finding by Doub and Shea (1960) 
that all of their 16 patients had chronic obstructive 
airways disease. It is suggested that increased venti- 
latory effort causes interstitial pulmonary emphysema, 
which is swept along the vessels to the aorta and 
thence to the inferior mesenteric artery. This theory 
has been substantiated experimentally in dogs (Mack- 
lin, 1939; Keyting et al., 1961). 

Chemical theory: Alford et al. (1956) suggest that 
the disease is caused by acidaemia, which prevents 
dissolved luminal gases in the bowel wall from being 
taken up into the capillaries and which then form 
cysts. There is no experimental evidence to substan- 
tiate this theory. 

Genetic factors: Some genetic strains of swine are 
not susceptible to the induction of pneumatosis 
(Eveleth and Biester, 1938); this would accord with 
our familial associations. However, we believe that 
some other factor, such as an infecting organism, is 
necessary to explain the almost simultaneous onset 
of the disease in our patients. 


Conclusion 

Pneumatosis coli is an uncommon disease associated 
ewith chronic lung disease. We have reported a fami- 
lial association, which may imply that genetic factors 
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play some part in aetiology. It is likely that some other 
factor, perhaps an infecting organism, is necessary 
for the disease to appear. 


References 

ALFORD J. E., GALLETTI G. and CULVER G. 3. (1956) Pneumatosis 
cystoides intestinalis. Am. J. Surg. 92, 648—656. 

DOUB H. P. and SHEA J. J. (1960) Pneumatosis cystoides intes- 
tinalis. JAMA 172, 1238-1242. | 

EVELETH D. F. and BIESTER H. E. (1938) Further studies on 
intestinal emphysema of swine. Am. J. Hygiene 27, 364—381. 

FINNEY J. M, T, (1908) Gas cysts of the intestine. JAMA 51, 
1291-1298. 

KENNEY J. G. (1963) Pneumatosis intestinalis. Clin. Radiol. 14, 
70-76. 

KEYTING W. S., MCCARVER R. R., KOVARIK J. L. et al. (1961) 
Pneumatosis intestinalis: a new concept. Radiology 76, 
733-741. 

KOSS L. G. (1952) Abdominal gas cysts (pneumatosis cystoides 
intestinalis hominis): an analysis with a report of a case 
and a critical review of the literature. Arch. Pathol. 53, 
523—549. 

LUNDERQUIST A., SVENDLER C. and KORNHALL s. (1973) Angio- 
graphic findings in pneumatosis cystoides instinalis. Am. 
J. Roentgenol, 117, 314-316. 

MACKENZIE E. P, (1951) Pneumatosis intestinalis: review of the 
literature with report of thirteen cases. Pediatrics 7, 537- 
539 

MACKLIN C. C. (1939) Transport of air along sheaths of 
pulmonic blood vessels from alveoli to mediastinum: 
clinical implications. Arch. Intern. Med. 64, 913-926. 

MARSHAK R. H., BLUM S, D. and ELIASOPH J. (1956) Pneumatosis 
involving the left side of the colon. JAMA 161, 1626- 
1630. 

SMITH W. G., ANDERSON M. J. and PEMBERTON H. W. (1958) 
Pneumatosis cystoides intestinalis involving left portion 
of colon. Gastroenterology 38, 528-533. 

STONE H. H., ALLEN W. B., SMITH R, B. et al. (1968) Infantile 
pneumatosis intestinalis. J. Surg. Res. 8, 301—307. 

THEIN S. L. and ASQUITH P. (1977) Pneumatosis coli: complica- 
tion of practolol. Br. Med. J. 1, 268, 

VARANO V. J. and BONANNO C. A. (1973) Pneumatosis cystoides 
intestinalis. Am. J. Gastroenterol. 59, 353-360, 

WYATT A. P. (1975) Prolonged symptomatic and radiological 
remission of colonic gas cysts after oxygen therapy. Br. J. 
Surg. 62, 837-839. 

YALE C. E., BALSISH E. and wu J, P. (1974) The bacterial etiology 
of pneumatosis cystoides intestinalis. Arch. Surg. 109, 
89-94, 


Paper accepted 27.7.1977. 








Br. J. Surg. Vol. 65 (1978) 66-68 


Book reviews 


Rescue Emergency Care 
Edited K. C. Easton. 215 x 135 mm. Pp. 490-i- xii. Hlustrated. 
1977. London: Heinemann Medical. £9-95. 


I HAVE no doubt about the importance of rescue emergency 
care, or about the calibre of Dr Easton's 29 contributors. They 
provide many memorable chapters in what is bound to become 
an important reference book. The book would be better still, 
however, if the contributions conveyed a sense of unity about 
the purpose of the book and the public for whom it is intended. 
The six clinical chapters—excellent in themselves-—read as 
if they were meant as a training manual, or probably a manual 
for training instructors; they suggest a textbook for the in- 
structors of mountain rescue teams or for advanced courses 
in ambulance work. The repetition of parts of this material 
in various subsequent chapters detracts from the book's 
effectiveness (in spite of the apology for repetition in the 
introduction). 

Fifteen chapters give detailed and often vivid descriptions 
of various forms of rescue service. They seem more suitable 
for planners and administrators than for members of rescue 
teams. Most contributors describe their own service; Watts 
both describes rescue services in the army and discusses the 
application of the principles to other services; Plewis and 
Hindle's chapter is called Hospital Based Schemes but is 
actually a broad review of accident and emergency depart- 
ments, with a large section on disaster planning which is more 
fully and urgently dealt with in the chapter on this topic by 
Peter Savage. 

The final chapter by Alfred Dooley on the evaluation of 
rescue care, in spite of its difficult administrative jargon, is of 
central importance, and in a future volume might form the 
theme around which all the rest could be coordinated. 

In spite of some shortcomings, it is an important and often 
fascinating book. What prevents it being a really great book 
is a confusion among the contributors as to its purpose and 
its readership. 

WILLIAM H. RUTHERFORD 


Joseph Lister 1827-1912 
Richard B. Fisher. 232x155 mm. Pp. 351. 1977. Londen: 
Macdonald & Jane's. £7-95. 


IN a somewhat precious and at times inaccurate Acknowledge- 
ments and Bibliography, the author of this new biography of 
Lister says that in conversation with a friend three possible 
subjects were suggested which would ‘bring my early training 
as a historian to the service of my recent interest in the bio- 
logical sciences’. Two unknown individuals can be quiet in 
their graves. Lister—who disliked the idea of a personal as 
distinct from a scientific biography-—may be less easy; for 
this is a popular text which, while it does not quite stoop to 
the creation of conversation, yet relies on supposition, long 
trains of dubious inference and rhetorical questions. 

Mr Fisher has had considerable access to Lister's papers 
and has used them to build up a dramatic, if subjective, 
picture of a man tortured (a favourite word) by doubt, the 
past victim of a ‘nervous breakdown'—variously described 
in the text as depression, religious mania and embellished with 
hints of homosexuality and schizophrenia. It makes for 
drama but it does not make for comprehension and there 
is no sign of a balanced historical approach. This is not 
surprising because the author gives no impression of having 
read himself into his period. Had he done so he would not 
have thought that Charles Edward Stuart's army swelled in 
retreat to Culloden and he might have recognized the photo- 
graph of a Listerian operation on the dust jacket for the 
Aberdeen fake it is. Furthermore, he might have read and 
included in his bibliography some of the more serious attempts 
to see Listers world, such as James Learmonth's Lister 
Lecture in Edinburgh. 
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This is not the biography of Lister that serious students of 
the development of modern surgery would have liked to 
welcome. However, because of the wealth of material assem- 
bled it can provide both a collection of secondary sources 
and, let it be hoped, the stimulus for someone to produce a 
critical biography which will properly paint Lister against the 
background of his times. 

H. A. F. DUDLEY 


Diseases of the Salivary Glands 
R. M. Rankow and I. M. Polayes. 260 x 180 mm. Pp. 379-- x. 
1976. Philadelphia: Saunders. £24-00. 


Tuis book contains contributions from 17 distinguished writers 
(including the editors). Its stated aim is to “provide informa- 
tion about the effective treatment of patients suffering from 
disorders of these (salivary) glands’ by collecting together the 
reports of recent advances that ‘have been relegated to the 
publications of the dispersed fields of specialization pertaining 
to the salivary glands’. All the contributors are associated 
with the Universities of Columbia or Yale, and this has un- 
doubtedly been a source of strength to the editors in their 
task of welding the individual contributions into a homo- 
genous presentation. 

The basic chapters on the historical, anatomical and physio- 
logical background are relevant and interesting, and there 
follow contributions on the basic diagnostic tools of radio- 
logy and pathology. An interesting chapter on the lymphomas 
collects the widely spread but rather scanty knowledge of 
such lesions affecting the salivary glands. The clinical manage- 
ment of salivary gland diseases is then discussed, with special 
reference to the diagnosis of facial nerve paralysis and of 
problems in infancy and childhood. The book concludes 
with chapters on radiation treatment and cancer chemo- 
therapy. 

This is an important and useful book for any surgeon with 
an interest in the salivary glands. My only criticism is that 
i wish the contributors had sometimes indicated more force- 
fully their own opinions, based on their own extensive experi- 
ence, rather than summarizing the literature. | hope this 
small defect will be corrected in the second edition that must 
surely follow soon. 

MICHAEL HOBSLEY 


Hospital-acquired Infections in Surgery e 
Edited Hiram C. Polk jun. and H. Harden Stone. 225 x 150 mm. 
Pp. 158-r- viii. 1977. Lancaster: MTP. £11:95. 


An attempt has been made to describe advances in the manage- 
ment of acquired surgical sepsis. The authors have deliberately 
avoided presenting information on established infection requiring 
hospital admission. It is, however, a pity that the authors 
recommend this as a suitable textbook for surgical residents, 
nurses and practising surgeons; in this respect it falls between 
three stools. The bibliography is scanty, and too often the 
information is based upon illustrated cases, with little reference 
to facts available in the literature. 

There are thirteen chapters written by eight authors. Most of 
the contributions deal with the aetiology, monitoring and 
prevention of wound sepsis in abdominal, genitourinary, 
gynaecological and orthopaedic surgery. There is a disappoint- 
ing chapter on the problems of sepsis in Burns Units. Some of 
the best contributions include a review of candida sepsis, 
factors determining infection rates in clean wounds and the 
importance of airborne bacterial contamination in prosthetic 
orthopaedic operations. 

Many chapters are of a limited quality. A much more 
comprehensive textbook with an adequate bibliography is 
needed to cover this expanding subject. 

M. R. B. KEIGHLEY 


Book reviews 


, The Presentation of Original Work in Medicine and Biology 
Hugh Dudley. 215 x 135 mm. Pp. 99+-viii. Illustrated. 1977. 
Edinburgh: Churchill Livingstone. £250. 


Ir is both a pleasure and a challenge to review a book by 
Professor Dudley; a pleasure because the reviewer knows 
that the book will be clearly written and certainly stimulating 
-—even perhaps provocative—and a challenge because he also 
knows that Professor Dudley has on occasion expressed tren- 
chant views about the dullness of many book reviews. How- 
ever, as this little book is essentially a succinct exposition of 
conventional wisdom, it cannot be a mistake to structure this 
review on conventional lines. 

Concerned with the problems involved in imparting medical 
and biological information, either in the spoken or written 
form, the book begins with a consideration of the reasons 
which should underlie the decision to write a paper or offer 
a communication to a learned societv. After an interesting, 
brief discussion of the structure of scientific thought in rela- 
tion to such communications, in the following chapters the 
problems and technique of writing papers, preparing slides, 
speaking at scientific meetings etc. are discussed in detail. 
There is in addition a chapter on the much-neglected subject 
of the use of the English language, in which the author is not 
afraid to cross swords with the great Fowler himself. The 
book ends with useful appendices giving details of how to 
set out references and supplying guides to further reading 
on the subject of scientific writing and the use of statistics. 

As the author admits in the preface, a successful scientific 
paper is to an extent a work of art, but it is mainly an exercise 
in communication and as such is governed by rules or guide- 
lines which, whilst not obligatory, are best adhered to, at 
least by the novice. On the basis of his experience and a real 
study of this subject, Professor Dudley explains these guide- 
lines with exemplary brevity and clarity, and succeeds in 
making his text not only instructive but interesting. In places 
the guidance is in such detail as to suggest personal predilec- 
tion, and some may find that at times the author is inclined 
to use a dictatorial ‘right’ or ‘wrong’ where such an absolute 
judgement seems inappropriate; but such limited criticisms 
in no way detract from the overall value of this admirable 
little book. 

Who will find it useful? Anyone involved in the prepara- 
tion of papers or spoken communications, and it is to be 
hoped that it is consulted not just by those interested in this 
topic, but by the beginner and those who have already found 
the preparation of a scientific communication more difficult 
than they expected. 

L. P. LE QUESNE 


Surgical Techniques Illustrated, Volume 4 
edited R. A. Malt. 275 x 215 mm. Pp. 90. Illustrated. 1976 
Boston, Mass.: Little, Brown. Quarterly by subscription. 


Mosr illustrated guides to operative technique tend to baflle 
even the expert reader, at least at some points in the narrative. 
The difficulties of medical artwork and the over-concise de- 
scriptions that accompany the pictures all too often ensure 
a maximum of mystification, so that an obstacle results 
instead of a helping hand. The three versions of abdominal 
aortic grafting for aneurysm that this book shows are almost 
free from these common failings, although the way to apply 
the Linton-Bethune aortic controlling tourniquet as shown 
in Darling's otherwise excellent account is in the general 
tradition of such intricacies. All this makes many of us 
wonder why such manuals are written, when the practical 
matters with which they deal are such as to be hardly learned 
from a book. Yet here, under Dr Malt's editorship, a parallel 
series of illustrations of three fairly similar cases by DeBakey, 
Mannick and Darling allows one to read between the three 
versions and thus to obtain a fairly true-to-life concept of 
how such experts work. The same applies to the good contri- 
butions by Ketcham, Chretien and Malt himself on ways of 
radical axillary clearance for malignancy other than from 
the breast. The quality of the drawings is excellent throughout 
and the book is a pleasure to read. 

H. H. G. EASTCOTT 
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Surgical MCQs for Undergraduates 
J. L. Craven and J, S. P. Lumley. 210 x 135 mm. Pp. 221-- xv. 
1976. Edinburgh: Churchill Livingstone. £375. 


Tuis book contains 400 multiple-choice questions on general 
surgery arranged on the left-hand pages with the correct 
answers and short notes on the problems concerned on the 
opposite right-hand pages. The questions are grouped in 19 
sections by topic or origin, e.g. fluid and electrolyte balance, 
the acute abdomen, colon, rectum and anus etc. In degree of 
difficulty they are aimed at the undergraduate approaching 
his final MB examination. 

The questions are well constructed and relevant, and this . 
book will be useful to the undergraduate revising for his 
Finals and also to his teachers as a source from which they 
can construct new multiple-choice questions. 

MICHAEL HOBSLEY 


Backache 
Tan McNab. 230% 150 mm. Pp. 235--xii. Ilustrated. 1977. 
Baltimore: Williams & Wilkins. $17.00. 


Ir is probable that most reviewers read the preface, sample 
one or two chapters, look at the price, and then write their 
notice. I started out this way with the monograph, but found 
myself so absorbed that 1 could hardly put it down before 
coming to the end of its 230 pages. 

When lan McNab left London for Toronto he had already 
gained an early reputation for a perspicacious interest in 
clinical research. In Toronto the seeds of early promise 
flowered in many areas, one of which was in the field of back 
pain. In this publication he has recorded the distillate of his 
long experience of this challenging clinical problem. The 
slimness of the volume belies its content; there is more in 
it than is to be found in books four or five times its length. 
Hard facts on low back pain are served with philosophical 
relish. All who have to deal with this widespread problem 
will have something to thank him for, be it industrial medical 
officer, general practitioner, trainee surgeon or specialist. 
From such a masterly account it is difficult to isolate an 
example to illustrate its worth and style; following a clear 
analysis illustrated by simple but unvulgarized line drawings 
of intervertebral disc damage and mechanical derangement, 
the difficulties of assessing a patient with so-called 'psycho- 
genic backacke' are summarized with this gem: ‘although 
the physician must learn to recognize the presence of emo- 
tional breakdown, he must never forget that emotional ill- 
nesses do not protect the patient against organic diseases'. 
Eschewing the mere absence of physical signs as sufficient for 
a diagnosis of ‘psychogenic backache’, he lists a number of 
specific objective physical signs for such a diagnosis. 

The chapter on Failures of Spinal Surgery is a distillate of 
many years of clinical experience as a practising surgeon and 
adviser to the Workmen's Compensation Board of Ontario. 
The quotation which he uses at the head of this chapter (each 
chapter has a singularly apt quotation) is a cautionary tale, 
wittily chosen: 

Look! In this place, ran Cassius dagger through: 
See, what a rent the envious Casca made: 
Through this, the well behaved Brutus stabbed. 

I cannot recommend this monograph too highly. I think it 
might well become a classic in its own time. m" 
LIPMANN KESSEL 


1976 Year Book of Surgery 
Edited Seymour I. Schwartz et al. 227 x 155 mm. Pp. 520 with 
162 illustrations. 1976. London: Lloyd-Luke. £14-95. 


Tuis is a collection of selected critical accounts arranged by 
topics. The 28 chapters cover the whole field of general and 
cardiothoracic surgery. Most of the papers were published 
in American journals in 1975, but the British literature is 
well represented too. The book fulfils its particular role very 
well and should take its place with previous Year Books in 
libraries. Those who are looking for up-to-date reviews a 
topics must look elsewhere. 

R. B. WELBOURN 
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Current Concepts in Radiology, Volume 3 
Edited E. J. Potchen. 245 x 170 mm. Pp. 453 -- xvi. Illustrated. 
1977. London: Kimpton. £32-10. 


During the past decade radiology has widened its boundaries 
to include isotope imaging, diagnostic ultrasound and, more 
recently, computerized tomography. The Current Concepts 
series of books sets out to bridge the gap between the current 
journals and the more formal textbooks. A selection has been 
made of those subjects which the editor considers to be most 
significant and to form the growing edge of the field. 

About one-quarter of the book is given over to various 
aspects of computerized tomography. The quality of the image 
obtainable and the various methods of displaying the informa- 
tion are discussed. There is a non-mathematical description of 
the newer developments in computerized tomography and the 
way in which the computer is being used to reconstruct images 
from multiple projections obtained not only by transmitted 
X-rays but also by positron-emitting isotopes and heavy ions. 
Another chapter compares computerized tomography of the 
abdomen and the aorta with the information obtained by 
isotope imaging. 

It is possible only to mention a few of the other subjects 
discussed. The radiological detection of breast cancer is dealt 
with in some detail, with particular emphasis being paid to 
xeroradiography. Metabolic considerations in bone disease and 
some of the more recent concepts of hormonal control of bone 
production and resorption are discussed. Professor Bjorn 
Nordenstrom describes his technique of electrocoagulation of 
some small lung tumours. 

Conventional radiology is represented by chapters on the 
radiological diagnosis of pleural effusions and the significance 
of linear shadows in chest radiographs. The opening chapter on 
‘Information systems in departmental operations’ is written in 
the kind of jargon and tortured English which the reviewer has 
come to associate with papers dealing with the use of computers 
in management. The authors indicate solutions to many 
problems commonly seen in radiology departments but fail to 
make a clear distinction between what is theoretically possible 
and what has been shown to work in practice. The final chapter 
deals with an evaluation of the effectiveness and the cost of the 
screening tests used in the diagnosis of systemic hvpertension. 

No reader is likely to be interested in all the subjects covered 
in this book and yet almost all must find something of real 
value. It is a book for browsing in rather than for reading from 
cover to cover. 

J. W. LAWS 


Long-term Surgical Results in Children 

Edited A. H. Bill and E. Drescher. 225 x 150 mm. Pp. 322 -- ix. 
1977. Munich: Urban & Schwarzenberg. $54.00. 

Paediatric surgeons are attuned to the long-term study of their 
patients because many of the surgical techniques they use are 
new and need evaluation and also because they know that their 
patients have to live with the results for a long time. Even so, it 
is unusual to have the 10-year follow-up of so many major 
conditions collected together, and all surgeons operating on 
children will want to read this book. 

The contents are the papers read at a meeting of the German 
Society of Paediatric Surgery which was held in Munich in 
1975. The reports of the results of surgery for oesophageal 
atresia, hiatus hernia, duodenal obstruction, imperforate anus, 
neurogenic bladder, ectopia vesicae and extrahepatic portal 
obstruction are all detailed and useful; some other collected 
series are large but not so helpful. The 10-year review of 200 
consecutive babies with open myelomeningocoele treated in 
Sheffield, and the progress report on survivors of massive small 
bowel resection are particularly interesting. The long follow-up 
of patients who did not have their Hirschsprung's disease 
treated surgically, and the report on the present health of the 
first patient operated on by Ernst for duodenal atresia 60 years 
ago, are unusual and welcome items. 

* It would be useful if this book were to inspire general 
surgeons to make a similar report. 
PETER F. JONES 
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Intestinal Ischaemia 
Adrian Marston. 250 x 155 mm. Pp, 190 - x, with 77 illustrations. 
1977. London: Arnold. £10-95. 


Adrian Marston is one of the relatively rare breed of surgeons 
who seize on a family of rather uncommon conditions for a 
lifetime study. He has now brought together the results of his 
single-minded labours in an outstanding monograph which 
encompasses the fundamentals and practicalities of intestinal 
ischaemia both elegantly and informatively. His generous 
acknowledgement of the help he has had from a multitude of 
friends is typical of the man but will blind no one to the rigours 
of his professional marathon. He has illuminated an area of 
darkness and brought understanding to the ignorant. His 
work-—-and this book— is a credit to British surgery. 

A. G. COX 


Review of Medical Physiology 

W. F. Ganong. Eighth edition. 260 x 180 mm. Pp. 599-+-ix. 
Hlustrated. 1977. San Francisco: Lange Medical Publications. 
$12.50. 


This must be one of the favourite texts for Part I Fellowship 
candidates, and deservedly so. Now in its eighth edition since 
1963 and having been translated into thirteen languages it 
speaks for itself. Perhaps this very success has contributed a 
little to giving the book a slightly middle-aged aura and the 
physiologically minded surgeon will look in vain for some of 
the advances he knows have taken place in his discipline which 
should have fed back into applied or medical physiology. To 
name but a few: analysis of the arterial pulse wave, the patho- 
physiology of varicose veins, Zollinger—Ellison syndrome, 
control and feedback. However, for an introduction to 
physiology of great clarity and utility, this book remains hard 
to beat. 

H. A. F. DUDLEY 


The Hip. Proceedings of the 4th Open Scientific Meeting of the 
Hip Society 1976. 
245 x 170 mm. Pp. 270 - xiii, with 162 illustrations. London: 
Kimpton, £24-00. 


The twenty papers making up this book were presented at the 
1976 4th Open Scientific Meeting of the Hip Society, held in 
New Orleans, USA. The programme chairman, Professor 
McCollister Evarts, in his foreword, rightly emphasizes that 
the most successful 'organ transplantation' continues to be 
that of the hip joint, although with rather artificial materials. 
This procedure has become almost too common. However, 
there is a real awareness of our lack of knowledge, not only of 
the increasing problems associated with the complications but 
also of the science of the procedure and its materials. Thi 
concern was well illustrated by the presence of over 10 
surgeons at this two-day meeting, and none can be disappointed 
when they now read this publication. There are some papers, 
fortunately few in number, which have been read before, but 
the majority are modern and most interesting, especially those 
dealing with the physical properties of the methylmethacrylate 
material, the physiological effects of this material on the 
respiratory cardiovascular systems in animals and the breath- 
ing zone concentrations in humans. Special problems, both 
local ones around the hip joint, e.g. infection or absence of 
bone around the hip, as well as systemic problems, such as those 
encountered in the haemophiliac, have all been covered with 
sufficient detail to provide a good working brief for other 
surgeons. Finally, in another section, treatment of the very 
significant problem of congenital dislocation of the hip in the 
older child has been carefully considered in five excellent 
papers, ranging from innominate osteotomy and salvarte 
procedures utilizing leg shortening, or angular osteotomies as 
practised extensively in Germany (and superbly presented and 
illustrated by one of the few European speakers, Professor 
Heinz Wagner) to the present position regarding total hip 
arthroplasty. 

This is a most pertinent publication and will give many 
orthopaedic surgeons a lot to think about. 

R. B. DUTHIE 
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0.1-0.3mm in diameter which can suck up four times 
their own weight of moisture with considerable force. 
By continuous removal of bacteria and exudate by this 
means the wound is cleansed, often with the benefits of 
healing and decrease in malodour. Inflammation, 
oedema and crust formation are reduced. Grafts can 
often be made earlier through promotion of granulation 
tissue formation. Debrisan does not cause sensitisation 
and is thus of value in wounds such as leg ulcers where 
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of action Debrisan can be used to clear infected wounds 
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treatment with Debrisan can shorten the hospital stay to 
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Traumatic diaphragmatic hernia 
J. V. BRYER, M. M. HEGARTY, C. HOWE, D. RUBIN AND I. B. ANGORN* 


SUMMARY 

A series of 58 cases of traumatic diaphragmatic hernia 
following blunt and penetrating injury is reviewed. The 
problems of radiodiagnosis are outlined and the need 
for barium contrast studies of the entire gastrointestinal 
tract to ensure recognition of isolated small bowel 
herniation is emphasized. Surgical access via laparotomy 
is recommended in the immediate post-traumatic 
presentation, whereas thoracotomy is preferable in 
cases diagnosed after a latent interval. Penetrating 
injury resulted in smaller diaphragmatic defects, 
greater morbidity and higher mortality due mainly to 
infective complications. 


TRAUMATIC diaphragmatic hernia was first reported by 
Sennertus in 1591 (Reid, 1840) but only in the past 
three decades has the condition been commonly 
recognized, although few published series contain 
more than 30 cases (Ebert et al., 1967; Pomerantz 
et al., 1968; Samaan, 1971; Drew et al., 1973; Strug 
et al, 1974; Mansour et al, 1975). Diaphragmatic 
hernia is due to blunt (Desforges et al., 1957; Williams, 
1969; Strug et al., 1974) or penetrating (Mansour et al., 
1975) injuries and the incidence of each reflects the 
socioeconomic status of the population involved (Ebert 
et al., 1967; Strug et al., 1974). The hernia occasionally 
* follows surgical incision of the diaphragm and rarely 
erosion by a drainage tube (Mansour et al., 1975). 

We report an experience of 58 cases of traumatic 
diaphragmatic hernia seen during a 3-year period 
which emphasizes problems in diagnosis and diffi- 
culties in management. 


Classification . 
We have followed the classification recommended by 
Carter et al. (1951). 


Stage 1: The immediate or traumatic phase 

The diagnosis is made immediately following the 
traumatic incident and embraces the period of 
recovery of the patient. Tbe diaphragmatic injury may 
be masked by signs referable to the pleural cavity or 
gastrointestinal tract. 


Stage 2: The interval or latent phase 
After recovering from the original injury, which may 
have occurred days or even years before, the patient 


6 


presents with vague upper abdominal or chest 
symptoms which may be variously attributed to the 
cardiac, gastrointestinal or biliary systems. This phase 
also includes those cases discovered on routine chest 
radiography. 


Stage 3: The phase of obstruction or strangulation 
After full recovery from the original injury the patient 
presents with acute intestinal obstruction. This is often 
complicated by perforation or gangrene of the 
herniated organ resulting in chest pain, dyspnoea or a 
pleural effusion. 

Hood (1971) recommends a more detailed classifica- 
tion, whilst Strug et al. (1974) simply divide their cases 
into immediate and delayed categories. The latter 
covers stages 2 and 3 of Carter's classification. 


Patients and methods 

Forty-six patients were male and 12 female, with a mean age of 
29 years (range 12-68 years). Blunt trauma was responsible for 
the injury in 20 patients and penetrating trauma in 38 patients. 
All the penetrating injuries were caused by a knife. 

Forty-one patients were diagnosed in the traumatic phase and 
17 patients in the interval phase (Table I). In the latter group 
13 patients presented with signs of intestinal obstruction, | 
with vague dyspepsia, 2 with respiratory distress and 1 was 
diagnosed after a routine chest X-ray. 

The correct diagnosis was made within 48 h of admission in 
44 patients, with 5 deaths (11-3 per cent). Diagnostic delay of 
more than 48 h occurred in 14 patients, with 5 deaths (36 per 
cent). Two patients died before elective surgery and diagnostic 
confirmation was obtained at post-mortem examination 
(Table II). 

Hernias through the right hemidiaphragm, all of which were 
due to blunt trauma, occcurred in 5 patients. Traumatic hernia 
through the left hemidiaphragm occurred in 53 patients. 


Diagnosis 

Clinical examination did not contribute to the diagnosis. Chest 
aspiration yielded gastric contents in 3 patients. Diagnosis was 
facilitated by an awareness of the possibility of traumatic 
diaphragmatic hernia and confirmed by radiological examina- 
tion (Table III). Radiodiagnosis was occasionally misleading. 
The initial chest X-ray was normal in 3 patients and barium 
studies revealed no abnormality in 5. In 3 patients a homo- 
geneous translucent area thought to be a herniated fundus of the 
stomach was proved at laparotomy to be a raised left dome of 


—————————————————— 8. 
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Fig. 1. Intrathoracic air-fluid level containing a nasogastric 
tube (arrowed). 





Fig. 3. Panaortogram demonstrating a left hemidiaphrag- 
matic rupture, avulsion of the left kidney (white arrow) and 
the splenic artery ascending into the chest (black arrow). 
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Fig. 4. Lateral decubitus chest X-rav showing supra- 








Fig. 2. A fibreoptic endoscope in the left hemithorax. diaphragmatic air-fluid levels. 
Table I: TIME OF PRESENTATION Table HI: X-RAY FINDINGS IN PATIENTS WITH 
Type of injur SUSPECTED TRAUMATIC DIAPHRAGMATIC 
- — HERNIA 
Phase Blunt Penetrating Total À 
— Pathognomonic 
Traumatic 16 25 4] Positive barium or Gastrografin studies 15 
Interval 4 13 17 Gas bubbles in chest 13 
Tptal 20 38 58 Positive Ryles tube or endoscope in chest 3 
" Arteriogram | 
Table If: CLASSIFICATION OF PATIENT AND TIME idis 
AGNOSI Associated 
OF DIAGNOSIS Pleural findings (collapse, air and/or fluid in chest) 33 
Traumatic phase Interval phase Tracheal shift 9 
== Raised diaphragm 7 
Penetrat- Penetrat- aytranle air (surgical e ossi 
iun Blunt ine Binni Total Extrap n air ies bee Tt Ee 5 
$$ OL pericardium and air under diaphragm 
e Diagnosed 23 (3)* 131) 7 (1) 1 (0) 44(5) Fractured ribs 3 
<48 h 
Diagnosed 5 (1) 1 (0) 6 (4) 2(0) 14(5) Misleading 
>48 h Normal chest X-rays 3 
T*tal 28 (4) 14 (1) 13 (5) 3(0) ss8(10) Normal barium studies 5 
a. 6 + a Í — Pneumoperitoneum 4 
Figures in brackets represent the number of deaths. Chest X-ray suggestive but laparotomy negative 3 





the diaphragm. A definite diagnosis may be made by positive 
contrast radiography or by the visualization of a Ryles tube 
(Fig. 1) or endoscope (Fig. 2) in the chest. Barium contrast 
studies of the entire gastrointestinal tract are necessary to 
ensure accurate diagnosis, as occasionally the small intestine 
may be the only herniated viscus. In 1 patient an arteriogram 
performed for possible injury to the kidney showed avulsion 
of the left kidney and displacement of the spleen into the chest 
(Fig. 3). A pheumoperitoneum performed in 4 patients proved 
to be more confusing than helpful. 


Surgical access 

Surgical exploration was performed via a laparotomy incision 
in 35 patients and a thoracotomy in 15 patients. A thoraco- 
abdominal approach was used in 6 patients, the abdominal 
incision being extended into the thorax to facilitate reduction 
of the viscera and division of adhesions under direct vision 
(Table IV). Two patients died before operation. 


Operative findings 

The contents of the hernia were varied (Table V). The stomach 
had herniated in 37 patients and the colon in 26. In 5 patients 
the small bowel only had herniated into the chest with the 
stomach and colon remaining in their normal positions in the 
abdomen. 

Injury to the herniated viscera was discovered in half the 
patients presenting during the traumatic phase, especially those 
presenting after penetrating injury. Gastric perforation 
occurred in 14 patients. Small bowel gangrene occurred as a 
result of vascular compromise in 2 patients following blunt 
trauma (Table VI). 

After full recovery from the original injury, S patients 
presented with gangrene of the herniated viscus. This involved 
the stomach in 2 patients, the colon in 2 and the small intestine 
in | (Table VI). Strangulation was more frequent in those 
patients sustaining penetrating injury who presented after a 
latent period (Table VI). Organo-axial volvulus of the stomach 
occurred in 5 patients. 

The diaphragmatic defect was smaller in patients having 
suffered penetrating injuries and usually measured more than 
5 cm in patients with blunt injuries (Table VIT). 


Management 

An approach via the abdomen was considered preferable in 
the traumatic phase because of the high incidence of intra- 
peritoneal injury, and this approach was used in 70 per cent of 
our cases. Visceral injuries were treated on their merits. The 
thoracic and peritoneal cavities were thoroughly lavaged with 
warm saline and the diaphragm was repaired with interrupted 
non-absorbable sutures. The thoracic cavity was routinely 
edrained. 


Results 

Postoperative complications, especially those due to 
infection, developed in half the patients (Table VIII). 
Ten of 58 patients died, a mortality rate of 17-2 per 
cent. Death followed penetrating injury in 9 patients 
(4 dying in the traumatic phase and 5 in the interval 
phase) and blunt injury in 1 (dying in the traumatic 
phase). All deaths were due to gross infection. 


Discussion 

In all reported series traumatic diaphragmatic hernia 
occurs more commonly on the left side (Bowditch, 
1853; Strug et al., 1974). In blunt trauma the cushion- 
ing effect of the liver may protect the right leaf of the 
diaphragm (Desforges et al, 1957). In a personal 
series of penetrating chest injuries reported by 
Hegarty (1976) the ratio of left side to right side stab 
wounds of the chest was 3 : 2. In all 38 patients with 
penetrating injury in the present series the diaphrag- 
matic hernia was on the left side. One must conclude 
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Table IV: SURGICAL ACCESS 


Traumatic phase Interval phase 











Penetrat- Penetrat- 
ing Blunt ing Blunt Total 
Laparotomy 21 9 4 1 35 
Thoracotomy 5 6 i 3 15 
Thoraco- 1 1 4 0 6 
abdominal 
Total 27 16 9 4 56 
Table V: CONTENTS OF HERNIA 
Traumatic Interval 
phase phase Total 
Stomach 29 8 37 
Colon 16 10 26 
Omentum 13 5 i8 
Spleen il 2 13 
Small bowel 4 4 8 
Liver 4 1 5 
Kidney 1 = i 
Table VI: VISCERAL INJURIES 
Traumatic phase Interval phase 
Penetrat- Penetrat- 
Visceral injury ing Blunt ing Biunt Total 
Stomach 14 — — = 14 
perforation 
Stomach — — 2 — 2 
gangrene 
Stomach I — 2 2 3 
volvulus 
Colon i a ve — 1 
perforation 
Colon gangrene — = 2 — A 
Splenic rupture 1 2 _ = 3 
Small gut — 2 l = 3 
gangrene 
Liver laceration i -— oo — 1 
Kidney avulsion — I soe —— I 
Total 18 5 7 2 32 
Table VII: SIZE OF DEFECT 
Penetrating Blunt Total 
<5 em 24 1 25 
>5em 14 19 33 
Total 38 20 58 
Table VIII: POSTOPERATIVE COMPLICATIONS 
Empyema 12 
intra-abdominal abscess 3 
Small bowel fistula i 
Large bowel fistula 1 
Haematemesis 1 
Intestinal obstruction l 


that the liver plugs the defect in the right hemi- 
diaphragm and prevents herniation of the abdominal 
contents into the chest. 

Physical signs may be related to the chest or 
abdomen and vary according to the organ herniated 
into the chest, or to whether presentation is immediate 
or delayed. Immobility of the left chest, tympany, 
diminished air entry and bowel sounds in the chest 
with displacement of the heart to the right are the five 
clinical signs ‘which may be missed or only associated 
with the diagnosis in retrospect' (Bowditch, 1853). 
Aspiration of gastric contents from the chest has 
facilitated diagnosis (Orringer et al., 1975). 


* * 
* * 
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Fig. 5. Elevated left hemidiaphragm (arrowed) with 
subdiaphragmatic air-fluid level in the gastric fundus. 





LI 


Fig. 6. Herniation resulting in hourglass deformity of the 
stomach. 


The diagnosis is made by clinical suspicion and 
radiological investigation. Delay in diagnosis increases 
the mortality (Samaan, 1971; Christiansen et al., 
1975). The present series was collected prospectively 
by two of the authors, and because of their interest the 
surgical staff made the diagnosis early and pre- 
operatively in the majority of cases. 

X-ray findings suggestive of traumatic diaphrag- 
matic hernia have been well described (Carter et al., 
1951; Mansour et al., 1975; Orringer et al., 1975). 
Initial chest X-ray examination may be normal but 
serial films will show distinctive changes (Table III). 








n 
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Fig. 7. Barium-filled small bowel in the left hemithorax. 


Gas bubbles above the diaphragm must be distin- 
guished from a loculated pneumothorax (Fig. 4) or 
a subdiaphragmatic air-fluid level (Fig. 5). 

Barium studies may show a barium-filled organ in 
the chest (Fig. 6), or a ‘cut-off’ of the barium column 
at the diaphragm. If the stomach and/or colon is 
below the diaphragm, the small bowel should always 
be displayed, as it may be the only part of the gastro- 
intestinal tract above the diaphragm (Fig. 7). Arterio- 
graphy has been used to demonstrate traumatic 
diaphragmatic hernias (Pomerantz et al., 1968: 
Mansour et al., 1975). 

Pneumoperitoneum has been recommended as an 
aid to diagnosis (Schwindt and Gale, 1967), but 
adherence of gut or omentum to the edges of the 
defect may prevent the passage of air from the peri- 
toneum into the pleural space. If either the pleura ore 
peritoneum is intact, a hernia may occur without its 
being demonstrable by pneumoperitoneum (Orringer 
et al., 1975). 

Our findings of a high incidence of associated 
abdominal injuries and a low incidence of intra- 
thoracic injuries have been stressed by other authors 
(Mansour et al., 1975; Orringer et al., 1975). We 
consider a laparotomy preferable in the traumatic 
phase (Carter et al., 1951; Strug et al., 1974); the 
hernial contents can be easily reduced and intra- 
peritoneal injuries adequately treated. In the interval 
phase, including the phase of strangulation, because 
of adhesions to the diaphragmatic defect and intra- 
thoracic structures, a thoracotomy is mandatory 
(Ebert et al., 1967; Schwindt and Gale, 1967; Le Roux 
and Williams, 1969). Both incisions can, if necessary, 
be extended into a thoracoabdominal incision (Melzig 
et al., 1976). 

The size of the defect is larger in blunt trauma and 
the small defects due to penetrating injuries are more 
likely to be associated with strangulation and gangrene 
(Sullivan, 1966; Ebert et al., 1967). It must be 


emphasized that the whole diaphragm should be 
carefully examined for minor defects to avoid later 
complications. Any upper abdominal organ may 
herniate through the left hemidiaphragm, whereas on 
the right side the liver (Samaan, 1971) is usually the 
only herniated viscus. The stomach (Strug et al., 1974) 
or colon (Schwindt and Gale, 1967; Mansour et al., 
1975) are the commonest organs to herniate. In acute 
penetrating trauma there is a high incidence of gastric 
perforation (Table VI). Perforation of a hollow viscus 
with contamination of either the pleural or peritoneal 
cavity is associated with a high incidence of complica- 
tions. 

Ten patients died of gross sepsis (17-2 per cent); 
this compares favourably with other reported series 
(Hood, 1971; Strug et al., 1974). In only 2 of our 10 
patients was an ante-mortem diagnosis not made, 
whereas in Hood's (1971) collective review the 
diagnostic error was 40 per cent in fatal cases. 

Early diagnosis with the aid of thoracoscopy 
(Jackson and Ferreira, 1975) or paracentesis 
abdominis, followed by early operation with 
meticulous closure of all defects, will reduce the 
mortality and avoid late complications. 
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The emergency surgical management of massive 
and persistent intestinal haemorrhage due to 
typhoid fever: a report of 3 cases 


S. H. WONG* 

SUMMARY 

The classic approach to the management of intestinal 
haemorrhage due to typhoid infection has been con- 
servative, with sedation, rest to the intestine, blood 
transfusion and antibiotics. However, in the event of 
massive and persistent haemorrhage which does not 
respond to conservative measures, emergency resection 
should be considered. Surgical resection by removing the 
major ulcer-bearing areas will stop the bleeding and the 
intestine is not friable. 


INTESTINAL haemorrhage and perforation are the two 
major complications of intestinal typhoid infection. 
Operative management of these conditions has a high 
associated mortality (Rowland, 1961) and the classic 
approach has been along conservative lines (Huckstep, 
1960; Rowland, 1961; Manson-Bahr, 1966; McNair, 
1972). However, if haemorrhage and hypovolaemic 
shock are persistent with no signs of abating in spite of 
repeated and massive transfusion, surgical resection 
may be required to save life. 

The following reports are of 3 cases of typhoid 
infection with massive haemorrhage managed by 
surgical resection. 


Case reports 
Case 1: A male patient aged 28 was admitted on 19 October 
1976. He presented with a history of sore throat and fever for 
1 week. On examination he appeared toxic with a temperature 
of 39-4 °C and a pulse rate of 90/min. Rose spots were present. 
A blood profile showed haemoglobin 13-9 g/dl with a WBC 
count of 3:5 x 10*/l. Results of Widal agglutination titre were, 
Salmonella typhi 'O' | : 100, S. typhi H? 1 : 400. Blood culture 
was positive for S. typhi sensitive to chloramphenicol. The 
patient suddenly developed fresh massive bleeding per rectum 
on 22 October 1976 and a blood transfusion was begun. How- 
ever, in spite of 9 units of rapid blood transfusion, the haemo- 
globin fell to 5-8 g/dl on 23 October 1976 with signs of 
peripheral circulatory failure. In view of the continuous 
massive fresh rectal bleeding laparotomy was performed on 
the same day. Multiple ulcers were identified in the distal ileum 
which, together with the colon, was filled with blood. Resection 
of the distal ileum, which appeared to contain most of the 
ulcers, was performed. The ileum was not friable and held 
stitches well. 

Two more units of blood were transfused but the patient died 
4 h after surgery. 


‘Case 2: A male patient of 19 was admitted on 22 December 
1976 with a history of fever for 2 weeks and fresh bleeding per 
rectum for 1 day. Examination showed a pyrexia of 40 °C and a 
pulse rate of 90/min. Rose spots were present and the spleen 
was palpable. A blood profile showed haemoglobin 8-5 g/dl 
with a WBC count of 5:9 x 10*/1. The Widal agglutination titre 
was S. typhi ‘©’ 1 : 200 and S. typhi ‘H? 1 : 400. Stool culture 
was positive for S. typhi sensitiveto chloramphenicol, which was 
given. 

However, fresh bleeding per rectum continued with no sign 
of abating. In spite of 7 units of blood being transfused his 
blood pressure stayed low and his pulse was high. Laparotomy 
yas therefore performed on 24 December 1976. The distal 
ileum and the whole colon were filled with blood. There were 
multiple ulcers in the distal ileum, caecum, ascending colon 


* * 
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and transverse colon. The intestine was not friable. Right 
hemicolectomy including most of the ulcer-bearing distal 
ileum was performed. The postoperative course was uneventful. 
Case 3: A male patient aged 19 was admitted on 21 February 
1977 with a history of fever for 2 weeks and severe fresh 
bleeding per rectum for | day. He had been treated before 
admission. Examination showed that the patient was afebrile 
with a pulse rate of 80/min. The spleen was palpable and there 
were no haemorrhoids. A blood profile showed haemoglobin 
10-7 g/dl with a WBC count of 4:6 x 10*/1. The Widal agglutina- 
tion titre was S. typhi ‘O’ 1 : 200, S. typhi H’ 1 : 400. Blood, 
urine and stool cultures were sterile. 

After admission fresh bleeding per rectum continued and 
amounted to over 1000 ml on the first day. On the second day 
there was one episode of massive bleeding amounting to about 
1500 ml with impending peripheral circulatory failure. Six 
units of blood were transfused and laparotomy was performed 
on 23 February 1977. The terminal ileum and colon were filled 
with blood. There were multiple ulcers in the terminal ileum 
and ascending colon. Right hemicolectomy including most of 
the ulcer-bearing distal ileum was performed. Recovery was 
uneventful. 


Discussion 

The reported incidence of typhoid intestinal haemor- 
rhage varies. Thus Woodward and Smadel (1964) 
gave the incidence of gross bleeding as 13-8 per cent, 
which exceeded the experience of Huckstep (1960), 
Rowland (1961) and Marmion (1952), whose incidence 
was 3, 1-7 and 1 per cent respectively. 

Huckstep (1960) stressed that ‘there is no indication 
for operation as the sites of haemorrhage are usually 
multiple and it would be virtually impossible to deal 
with them. Furthermore the gut tends to be friable’. 
McNair (1972) also pointed out that ‘there is no 
indication for surgery in this complication as the 
source of bleeding cannot be located in the multiple 
ileal ulcers’. However, Welch (1975) mentioned that 
right hemicolectomy might be performed for intestinaf 
perforation if there was associated haemorrhage due 
to an ulcer in the caecum or ascending colon. 

Recently, Collins et al. (1975) reported a case of 
typhoid intestinal haemorrhage successfully treated 
with intra-arterial vasopressin infusion. 

Active or slow bleeding may occur when the 
intestinal lesions undergo necrosis and sloughing. 
Conservative management will be successful in the 
majority of cases. However, if the bleeding is persistent 
and severe with change in vital signs in spite of 
repeated and massive blood transfusion, surgical 
intervention is indicated. Under such circumstances 
persistence with conservative measures is dangerous 
and carries a high mortality. Thus Huckstep (1960) 
had 3 deaths out of a total of 8 cases of haemorrhage. 
The operative findings in these 3 cases did indeed 
show that the bleeding sites were multiple. However, 
it was felt that the sites of major bleeding could be 
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judged by the external appearances, and that given 
that these could be removed, other sources of slow 
oozing would cease spontaneously. 

Essentially, the pathological process is confined to 
the distal 70 cm of the ileum and proximal colon, 
hence resection will remove the major source of 
bleeding. 

The distal ileum and the colon when involved in 
typhoid infection with haemorrhage are not friable in 
this experience. The contrasts with the findings of 
Huckstep (1960) and of Collins (1975). Standard end- 
to-end, two-layer anastomosis is safe, as shown by the 
clinical course of Cases 2 and 3. The death of the first 
patient was probably due to severe massive intestinal 
haemorrhage in the presence of toxaemia. 

Earlier surgical intervention in the subsequent two 
cases, with removal of the major bleeding sites, 
stopped the bleeding and both patients recovered 
uneventfully. 


Conclusion 

It is true that conservatism should be the mainstay in 
the treatment of typhoid infection with intestinal 
haemorrhage. However, in desperate cases when the 
bleeding is persistent and massive, and does not 
respond to blood replacement, resection of the 
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involved segment of intestine, which presents no 
special difficulties, should be considered. 
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The bacteriology of primary wound sepsis in potentially 
contaminated abdominal operations: the effect of 
irrigation, povidone-iodine and cephaloridine on the 
sepsis rate assessed in a clinical trial 

A. V, POLLOCK, K. FROOME AND MARY EVANS* 


SUMMARY 
Two hundred and nine potentially contaminated 
abdominal operations were randomly allocated to 
prophylaxis with a single dose of | g cephaloridine intra- 
incisionally, irrigation of the wound at the end of the 
operation with saline or spraying of the wound with 
povidone-iodine. In high risk operations Cileocolorectal 
or those in obese patients) the rate of major wound 
sepsis in those protected by cephaloridine was 3-8 per 
cent compared with 13-2 per cent in the irrigation and 
16:7 per cent in the povidone-iodine groups. In low risk 
operations no significant differences in sepsis rates were 
found. 

Bacteriological studies of incised organs, sub- 


cutaneous fat and pus showed that the majority of 


wound infections arose from endogenous sources. The 


outstanding problem remains that of prevention of 


contamination of the abdominal wall during surgery. 


WouNDn irrigation either with water alone or, more 
usually, diluted with wine or other antiseptic has an 
ancient lineage: 
... a certain Samaritan ... went to him, and bound up his 
wounds, pouring in oil and wine. ... 

St Luke 10 : 33-34. 


In the latter half of the nineteenth century wound 
irrigation was firmly established in surgical practice, 
although Lister (1909), in an assessment of aseptic 
operating techniques, concluded that: 


... the irrigation of the wound by antiseptic irrigation and 
washing may therefore now be avoided, and Nature left quite 
undisturbed to carry out her best methods of repair .... 


Fleming (1919-20) demonstrated the ill effects of 
antiseptics on leucocyte function. Halsted, however 
(Dunphy, 1975), had made a practice of washing out 
surgical wounds with normal saline and his disciples 
continue this practice in many centres. 

It has been shown that povidone-iodine sprayed into 
potentially contaminated laparotomy incisions reduces 
the wound sepsis rate below that found in untreated 
controls (Gilmore and Sanderson, 1975) and single 
dose  intra-incisional  cephaloridine prophylaxis 
(Pollock et al., 1977) has emerged as a significant factor 
in the reduction of the sepsis rate in such wounds. 

By far the greater proportion of wound sepsis in 
general surgery arises from endogenous rather than 
exogenous sources. This study was undertaken to 
correlate organ, subcutaneous and pus bacteriology 
and to test the relative efficacy of saline irrigation, 
povidone-iodine spray and single dose intra-incisional 
cephaloridine. 


Patients and methods 
During an 8-month period in 1976, 218 consecutive patients 
undergoing potentially contaminated abdominal operations 


* 
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entered the trial. The following were excluded: patients with 
purulent peritonitis, including that due to perforated appendi- 
citis for which the appropriate treatment was a systemic 
antibiotic; patients receiving preoperative antibiotics, except 
those used for bowel preparation in elective colorectal surgery ; 
patients undergoing prostatectomy, who were in another trial; 
perineal and perianal wounds and those for the drainage of 
abscesses. 

Twenty-seven of the 42 patients undergoing elective ileo- 
colorectal surgery were prepared for 2 or 3 days with aperients, 
bowel washouts and phthalvisulphathiazole 2g, neomycin 
500 mg and tetracycline 500 mg, all three times daily. The 
remaining 15 had only aperients and washouts. The 4 
emergency ileocolorectal cases had no preparation. 

The methods of disinfection of the skin, of randomization 
and of double-blind assessment were standardized (Pollock 
et al., 1977). Fragments of the lining of the organ incised, and 
of the subcutaneous tissue after peritoneal suture, were placed 
in Robertson's cooked meat broth and transported to the 
bacteriology department for overnight incubation. Stuart's 
transport medium was used for duplicate specimens on 34 
occasions. Aerobic subcultures were made on Oxoid no. 2 7 per 
cent horse blood agar and Oxoid cystine-lactose electrolyte- 
deficient media, and anaerobic cultures were made on Oxoid 
no. 2 blood agar with 100 ug/m! of neomycin sulphate in 
evacuated containers with GasPak (BBL) hydrogen-carbon 
dioxide generators. 

When instructions stated that a patient was to receive 
cephaloridine prophylaxis, 1 g was dissolved in 2 ml of water 
and placed in the wound before skin closure or into the sub- 
cutaneous tissue between the skin sutures. 

When patients were allocated to receive povidone-iodine 
(Disadine DP), it was sprayed for 8 s on to the subcutaneous 
tissues before skin closure from an aerosol can held at a distance 
of about 25 cm. After the skin had been sutured the wound 
edges were sprayed in the same way. 

In the irrigation group, 200 ml of sterile 0-9 per cent sodium 
chloride solution were squirted forcibly with a 50-ml syringe 
into the wound after suture of the musculoaponeurotic layers 
and then aspirated; the wound was then dried with swabs. 

Following appendicectomy patients normally left hospital 
after 2 or 3 days (mean 3-03 days), whereas after major 
laparotomies they went home or to a convalescent hospital 
after about a week. Wounds were inspected before the seventh 
postoperative day and aspirated if there was any tenderness, 
swelling or oedema. Any fluid recovered was inoculated into 
cooked meat broth bottles for transport to the bacteriology 
department where aerobic and anaerobic subcultures were 
made. If the aspirated fluid was obviously pus, a skin suture 
was removed and the wound opened for a short distance to 
allow drainage. 

All patients were seen 4 weeks after operation and questioned 
about wound healing. Any reported discharge after leaving 
hospital was regarded as primary sepsis, although it was not 
possible to study it bacteriologically. 

Definitions of primary, secondary, major and minor sepsis 
and of obesity remained as in previous reports (Pollock and 
Evans, 1975). 

Statistical assessments were made by the y? test with Yates's 
correction. 





* Scarborough Hospital, Scarborough, North Yorkshire. 


Results 

Two hundred and eighteen consecutive patients were 
entered in the trial. Nine died within a month of 
operation without wound sepsis and were rejected 
from analysis, leaving 209 operations, 12 (5-7 per 
cent) of which were complicated by major and 44 
(21:1 per cent) by minor wound sepsis. There were, in 
addition, 6 examples of minor secondary sepsis, 1 due 
to a urinary fistula and 5 following discharge of sterile 
haematomas. 

The three prophylaxis groups were comparable 
(Table I) except for the chance excess of positive sub- 
cutaneous cultures in the irrigation group. 

Of the high risk patients (the obese and those under- 
going ileocolorectal operations) the cephaloridine 
group fared better than those receiving povidone- 
iodine or irrigation, but the difference was only 
statistically significant between the cephaloridine and 
irrigation groups. Among low risk patients (all others) 
there were no significant differences between any of the 
groups (Table Il). 

In 44 of the 56 cases of wound sepsis cultures were 
obtained both during operation and from the 
subsequent pus (Tables III, IV). Eleven infections did 


Table I: WOUND SEPSIS RATES 


High risk 
Total Number septic (75) 

wounds Minor Major 

Irrigation 38 15* 5 
(39-5) (13:2) 

Povidone-iodine 18 4 3 
(22-2) (16-7) 

Cephaloridine 26 57 I 
(19-2) (3-8) 
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not appear until after the patients had been discharged 
from hospital and the pus was not cultured; in the 
remaining patient the organ culture was omitted. In 
34 (77:3 per cent) of the 44 patients, cultures from pus 
had at least one species in common with those from 
the incised organ or the subcutaneous tissues, whereas 
in the other 10 patients pus cultures yielded organisms 


Table 1: COMPARABILITY OF THE THREE GROUPS 
IN THE TRIAL 


Irriga- Povidone- Cepha- 
tion iodine loridine 
Total 74 65 70 
Male 36 33 30 
Age 65-- 25 17 16 
Obese 24 13 18 
Organ culture positive 59 32 32 
Subcutaneous culture positive 51 27 33 
Appendicectomy 26 31 29 
Heocolorectal operation 21 IB 14 
Gastroduodenal operation 9 11 7 
Biliary operation 15 10 17 
Miscellaneous operation 3 2 3 
Low risk 
Total Number septic (7) 

Total wounds Minor Major Total 
20** 36 5 1 6 
(52:6) (13-9) (2-8) (16:7) 
7 47 8 2 10 
(38-9) (17-0) (4-3) (21:3) 
6** 7 0 7 
(24-0) (15-9) (0) (15-9) 


High risk, Heocolorectal operations and operations in obese patients; low risk, other operations. 


* P005; ** P—0-02. 


Table Hi: MAJOR WOUND SEPSIS 


Age 
Sex (yr) Obese Organ incised 
Cephaloridine prophylaxis 
F 64 Yes Colon 
Povidone-iodine prophylaxis 
E 47 Yes Heum 
F 27 Yes Heum 
M 61 No Stomach and duodenum 
M 50 No Stomach and oesophagus 
F 79 Yes Appendix 
Irrigation prophylaxis 
d 84 No Colon 
F 63 Yes Colon 
M 64 No Colon 
M 72 No Stomach and appendix 
F 82 Yes Stomach and duodenum 
M 37 No Stomach and duodenum 


Subcutaneous 
Organ culture culture Pus culture 
Bacteroides spp. Sterile Bacteroides spp. 
Proteus spp. E. coli Proteus spp. 


Clostridium spp. 


E. coli 
Klebsiella spp. 
Haemolytic 

streptococci 
S. faecalis 


E. cali 


Clostridium spp. 


Proteus spp. 
E. coli 
E. coli 


E. coli 


Bacteroides spp. 


E. coli 
Klebsiella spp. 
E. coli 
E. coli 
Klebsiella spp. 


S. aureus 


S. epidermidis 
S. epidermidis 
Sterile 


E. coli 


Clostridium spp. 


Proteus spp. 


E. coli 


Bacteroides spp. 


E. coli 


Bacteroides spp. 


Sterile 
Klebsiella spp. 


S. faecalis 
S. epidermidis 


Clostridium spp. 
E. coli 

S. aureus 

5S. aureus 


S. faecalis 
S. aureus 
E. coli 


Bacteroides spp. 
* 


Proteus spp. 


E. coli 
Bacteroides spp. 
Proteus spp. 

E. coli 
Bacteroides spp. 
S, aureus 
Klebsiella spp. 
S. pneumoniae 
S. faecalis 

S. aureus 

S. pneumoniae 


* 
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Table IV: MINOR WOUND SEPSIS 


Age 
Sex (yr) Obese 
Cephaloridine prophylaxis 
88 Yes 
M 46 Yes 
F 57 Yes 
F 7 Yes 
M $0 No 
M 66 No 
M 54 No 
F 30 Yes 
M 44 No 
F 9 No 
F 9 No 
F 10 No 
Povidone-iodine prophylaxis 
42 Yes 
M 71 No 
M 33 No 
F 20 Yes 
M 73 No 
M 50 No 
M 67 Yes 
M 8 No 
13 No 
F 16 No 
M id No 
F 39 No 
Irrigation prophylaxis 
F 40 Yes 
M 57 No 
F 65 No 
M 70 No 
F 70 Yes 
M 77 No 
M 62 Yes 
M ől No 
F 65 No 
F 75 Yes 
M 58 Yes 
M 76 No 
F 42 No 


Organ incised 


jeum 

Heum 

Colon 

Colon 

Gallbladder 
Gallbladder and duct 
Gallbladder and appendix 
Gallbladder 
Appendix 

Appendix 

Appendix 


Appendix 


Heum 

Colon 

Gallbladder and appendix 
Gallbladder and appendix 
Gallbladder 

Stomach and jejunum 
Stomach and jejunum 
Appendix 

Appendix 

Appendix 

Appendix 

Appendix 

]leum 

Heum 


Colon 


Colon 


Colon 
Colon 
Colon 
Colon 
Colon 
Colon 
Stomach and duodenum 


Gallbladder 
Gallbladder 


* 


Organ culture 


NT 


Clostridium spp. 
S. faecalis 


E. cali 
S. epidermidis 
E. coli 


E. coli 
Bacteroides spp. 
Sterile 

E. coli 

E. coli 

E. coli 
Bacteroides spp. 
E. coli 
Clostridium spp. 
S. faecalis 


Streptococcus spp. 
S. faecalis 

E. coli 

S. aureus 


E. coli 
Haemolytic 
streptococci 
S. epidermidis 
NT 
E. coli 
Clostridium spp. 
E. coli 
E. coli 
Clostridium spp. 
Pseudomonas spp. 
E. coli 


Klebsiella spp. 


E. coli 
Klebsiella spp. 


E. coli 

Proteus spp. 
Klebsiella spp. 
Bacteroides spp. 
Proteus spp. 
Klebsiella spp. 
Bacteroides spp. 
E. coli 

S. faecalis 

E. coli 
Pseudomonas spp. 
E. coli 


S. faecalis 

E.. coli 
Klebsiella spp. 
S. epidermidis 
S. faecalis 


S. epidermidis 
Klebsiella spp. 
Sterile 


Subcutaneous 
culture 


Sterile 


Sterile 
S. faecalis 


E. coli 
Proteus spp. 
E. coli 


E. coli 


S. faecalis 

E. coli 

Sterile 

E. coli 
Bacteroides spp. 
E. coli 
Clostridium spp. 


Streptococcus spp. 


S. faecalis 
Sterile 

S. aureus 
E. coli 
Haemolytic 


streptococci 


S. epidermidis 
Sterile 


S. epidermidis 
S. faecalis 
Clostridium spp. 


Pseudomonas spp. 


E. coli 
S. faecalis 
S. epidermidis 


S. epidermidis 
Klebsiella spp. 


E. coli 

Proteus spp. 
Klebsiella spp. 
Bacteroides spp. 
Proteus spp. 
Klebsiella spp. 
Bacteroides spp. 
E. coli 

S. faecalis 

E. coli 
Pseudomonas spp. 
Bacteroides spp. 


S. faecalis 

S. aureus 

S. faecalis 

S. epidermidis 


Klebsiella spp. 
S. epidermidis 





Pus culture 


E. coli 

S. faecalis 

Clostridium spp. 

S. aureus 

Anaerobic 
streptococci 

E. coli 


Enterobacter spp. 
Bacteroides spp. 


NT 
NT 
NT 
NT 


NT 


S. faecalis 
S. epidermidis 
S. faecalis 
Pseudomonas spp. 
E. coli 
Bacteroides spp. 
S. aureus 
Bacteroides spp. 
S. epidermidis 
Haemolytic 
streptococci 


SS. epidermidis 
NT 


NT 

E. coli 
Clostridium spp. 
Bacteroides spp. 
NT 


NT 


NT e 
Klebsiella spp. 
Bacteroides spp. 
Proteus spp. 
Klebsiella spp. 
Bacteroides spp. 


Proteus spp. 
Klebsiella spp. 
Bacteroides spp. 
E. coli 

S. faecalis 

E. coli 
Pseudomonas spp. 
S. faecalis 

S. epidermidis 
S. faecalis 

S. aureus 
Bacteroides spp. 


S. faecalis 

S. epidermidis 
S. epidermidis 
E. coli 

S. aureus 


Table IV: MINOR WOUND SEPSIS (Cont.) 


Bacteriology of primary wound sepsis 


79 





Age Subcutaneous 
Sex (yr) Obese Organ incised Organ culture culture Pus culture 
F 62 Yes Gallbladder and appendix E. coli S. epidermidis E. coli 
S. faecalis 
Klebsiella spp. 
F 48 Yes Gallbladder and appendix E. coli E. coli E. coli 
S. faecalis S. faecalis Bacteroides spp. 
F 71 Yes Gallbladder and appendix E. coli E. coli E. coli 
M 62 No Kidney E. coli E. coli E. coli 
F 18 No Appendix E. coli E. coli E. coli 
Clostridium spp. Bacteroides spp. 
M 29 Yes Appendix E. coli E. coli Bacteroides spp. 
Proteus spp. 
M 9 No Appendix S. aureus S. aureus S. aureus 
Bacteroides spp. Bacteroides spp. Bacteroides spp. 
Anaerobic 
streptococci 


NENNEN QURE ME El 


NT, Not tested. 


Table V: ORGANISMS ISOLATED 
Organ cultures 


Pure 

E. coli 55 (25:3) 
S. faecalis 21 (23-8) 
Clostridium spp. 2 (50-0) 
Bacteroides spp. 2 (30-0) 
Proteus spp. 2 (0) 
Klebsiella spp. 4 (75-0) 
Pseudomonas spp. 1 (0) 
Streptococcus spp. S (40-0) 
S. epidermidis 12 (16:7) 
S. aureus 1 (100-0) 
Total wounds 105 (27-6) 


Subcutaneous cultures 





Pure Mixed 
33 (35:8) 26 (38:5) 16 (56:3) 
10 (40-0) 17 (29-4) 7 (571) 
23 (26:1) 0 (0) 4 (75-0) 
15 (40-0) 2 (50-0) 10 (70-0) 
8 (62-5) 4 (50-0) 4 (50-0) 
9 (77-8) 3 (100-0) 2 (100-0) 
6 (33-3) 0 (0) 4 (50-0) 
4 (50-0) 3 (33:3) 2 (50-0) 
5 (40-0) 28 (32:1) 4 (50-0) 
2 (100-0) 6 (33:3) 2 (50-0) 
58 (39:7) 89 (37-1) 25 (60-0) 


Figures in brackets are the percentage subsequently developing sepsis. 


different from those found during operation: these 
were Staphylococcus aureus (4), Streptococcus faecalis 
(2), Staphylococcus epidermidis (1), Escherichia coli (1), 
P streptococcus (1) and Bacteroides fragilis 
1). 
Two harvesting methods (swabs in Stuart's transport 
medium and fragments in Robertson's broth) were 
compared in 24 operations (organ cultures) and 10 
operations (subcutaneous cultures) respectively. In 13 
of these 34, cultures from the swab and the fragment 
of tissue were identical, but in 17 the swab was sterile 
whereas the fragment was not. In 4 further cases the 
tissue fragment yielded more species than the swab. 

The incidence of wound sepsis was directly 
associated with the amount of endogenous contamina- 
tion of the abdominal wall during operation (Tables 
V, VI). When both organ and subcutaneous tissue were 
sterile (24 patients) there was no wound sepsis. When 
subcutaneous culture was positive (111 patients) there 
were 47 instances of major or minor sepsis (42:3 per 
cent). When the organ was infected but the sub- 
cutaneous tissue was sterile (63 patients) there were 7 
instances of wound sepsis (11-1 per cent). 

The differences between the wound sepsis rates in 
patients with positive subcutaneous cultures and those 
in each of the other two categories are significant 
(y? = 15:59 and 18:32, P 0-001). 

A mixed subcutaneous infection was more likely 
(y? = 5-94, P«0:02) to cause wound sepsis than 
infection due to a single organism (Table V). 


Table VI: SEPSIS RATES AND SUBCUTANEOUS 
CONTAMINATION 


Organ 

culture 

Organ and Subcutaneous positive, 
subcutaneous culture subcutaneous 

culture sterile positive sterile 
Septic Septic Septic 

No. (95) No. ao) No. (95) 

Irrigation 6 Q S1 49-0 18 3-6 
Povidone- 6 0 27 5419 24 12:5 

iodine 

Cephaloridine 12 ü 33  242* 21 14-3 
Total 24 0 fii 423 63 11-1 


NUR rae he on a ae ae eet 
* The sepsis rate with cephaloridine in this group is significantly 
lower than with either of the other two methods of prophylaxis 
(P< 0-05). . 


The bacteriological findings were reflected in the 
higher incidence of major and minor wound sepsis in 
patients undergoing ileocolorectal surgery. Such 
operations were followed by major sepsis in 1 (3-7 per 
cent) and minor sepsis in 6 (22:2 per cent) out of 27 
patients who had received both mechanical and anti- 
microbial bowel preparation. Of 19 patients to whom 
no antimicrobial preparation had been given, 5 
developed major (26:3 per cent) and 10 minor (52-6 
per cent) wound sepsis. The higher sepsis rate in 
unprepared patients is significant (y? = 12-56, P< 
0-001). 
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The wound sepsis rate in the 56 obese patients was 
429 per cent comparéd with 20-9 per cent in 153 
patients who were not obese (y? = 10-06, P 0-01). 

During the 8 months of this trial, settle plates in the 
operating theatres yielded from 0 to 37 colonies of 
S. epidermidis, diphtheroids and micrococcus species 
and, occasionally, up to 6 colonies of S. aureus. 


Discussion 

Madden et al. (1971) compared low pressure syringe 
with high pressure jet irrigation and found that only 
the latter effectively reduced the sepsis rate in experi- 
mental wounds contaminated with S. aureus or E. coli. 
Our own results suggest that low pressure wound 
irrigation is of little value in abdominal surgery. 

We have contrasted the effects of spraying poten- 
tially contaminated surgical wounds with a chemical 
disinfectant and of irrigating them with saline with a 
control group given a single dose of cephaloridine 
intra-incisionally. The incidence of wound sepsis was 
lower among patients in the control group than in 
either of the other two, 

Fragments of the lining of potentially contaminated 
organs and of subcutaneous tissues transported in 
Robertson's cooked meat broth and subcultured 
aerobically and anaerobically give a higher yield of 
organisms than cotton-wool swabs from the same 
tissues transported in Stuart's medium. Some of these 
organisms, particularly S. epidermidis, may have 
little pathogenicity, although we have isolated this 
organism from pus in 6 patients with primary wound 
sepsis, in 3 of whom it was in pure culture. 

One of the difficulties in assessing the bacteriology 
of wound sepsis is the secondary infection of a 
discharging wound from the patient himself or from 
his environment. This is obviated by aspirating pus 
from wounds before there has been any discharge. It is 
now routine practice to inspect all wounds before the 
seventh day and to aspirate if there is any swelling, 
tenderness or oedema. This policy has resulted in a 
high rate of correlation of the bacteriology of incised 
organs, subcutaneous tissues and pus. 

S. aureus was identified in cultures from organs in 
3 cases (1 in pure and 2 in mixed culture), sub- 
cutaneous tissue in 8 (6 pure and 2 mixed) and pus in 
10 (4 pure and 6 mixed). Some of these infections may 
be endogenous but in the 4 examples of wound sepsis 
in which the pus grew nothing but a S. aureus (which 
was not present in either organ or subcutaneous tissue 
at operation) we can only conclude that the infections 
were of exogenous origin. Their presence emphasizes 


once more the continued necessity for strict asepsis in 
the operating theatre. 

The role of antimicrobial bowel preparation for 
elective ileocolorectal operations is clearly demon- 
strated by the much higher rate of wound sepsis 
among those patients who, for various reasons, did 
not receive this prophylaxis. 

The control of surgical wound sepsis must be based 
on long-established aseptic principles, together with 
measures to reduce contamination of the abdominal 
wall whenever a potentially contaminated organ is 
incised. The place of such procedures as the changing 
of gloves and instruments before abdominal wall 
suture has not been established and the use of a wound 
protector, though shown by Raahave (1976) to reduce 
subcutaneous contamination, has not yet been proved 
to be clinically effective. 

At present, accepting the fact that we cannot 
prevent subcutaneous contamination during certain 
abdominal operations, we continue to advocate the 
prophylactic use of a single dose of cephaloridine 
instilled into the incision before closure. 
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The value of an operative wound swab sent in 
transport medium in the prediction of later 
clinical wound infection : a controlled clinical 
and bacteriological evaluation 


M. J. KELLY AND R. E. WARREN* 


SUMMARY 
Operative wound swabs taken at 214 transperitoneal 
operations were examined during the course of three 
controlled clinical trials to determine the value of trans- 
port medium in the carriage of specimens. The use of 
Stuart’s transport medium more than doubled the 
number of swabs yielding pathogens in the laboratory 
compared with a control series of duplicate swabs not 
sent in transport medium. Anaerobes were even more 
severely affected than aerobes by ‘dry’ carriage. A 
polyester foam swab was shown to have no advantage 
over the standard cottonwool variety. Bacteriological 
swabs from superficial wound fat were shown to be 
superfluous if a peritoneal wound swab had already been 
taken. We suggest that operative abdominal wound 
swabs should not be accepted for processing by a 
microbiological laboratory unless sent in transport 
medium, 

Wound infection, assessed on the fifth postoperative 
day, was shown to be related to the result of operative 
swab culture only when the swab was sent in transport 
medium. When the operative culture was negative at 
48 h, only 1 per cent later became infected. When the 
operative swabs grew obligate anaerobes alone, 13 per 
cent became infected—aerobes alone, 23 per cent, and 
mixed aerobes plus anaerobes, 71 per cent. The growth 
of mixed aerobes plus anaerobes Jrom the operative swab 
was a far superior predictive factor for later infection 
than the degree of operative contamination or the type 


of operation, and provided a simple, rapid means of 


identifying a subgroup of patients at high risk (71 per 
cent) of developing infection who might benefit from 
planned antibiotic therapy. 


“A SERIES of three controlled clinical trials was under- 
taken to assess the rate of wound contamination in 
transperitoneal abdominal operations and to correlate 
the isolation of anaerobes with later serious wound 
sepsis. The consequences of using transport medium 
for specimen carriage are reported, as is the association 
of anaerobes with subsequent wound infections. 
Stone et al. (1975) cite Gorbach and Bartlett (1974) 
as saying that they almost always expected bacterial 
soiling of the peritoneal cavity whenever gastro- 
intestinal perforation had occurred due to trauma or 
disease. Recently there has been an increase in interest 
in the role of non-sporing anaerobes in serious post- 
operative morbidity. Leigh (1974) examined the role 
of Bacteroides fragilis in serious postoperative sepsis. 
When discussing his results, he said that despite 
increasing reports on anaerobic infections, reliable 
data on the true incidence of infection due to such 
organisms, and especially to B. fragilis, were lacking. 
He and other workers (Killgore et al, 1973; 
Rosenblatt et al., 1973) concluded that lack of care in 
the taking and transport of operative specimens was 


the chief reason for the difficulties encountered in their 
laboratory isolation. During the latter part of Leigh's 

series, Stuart's transport medium was used for the 
carriage of postoperative swabs and, in his laboratory, 
the yield of anaerobes from septic wounds rose from 
13 to 81 per cent. This large rise was attributed to the 
introduction of transport medium, but no controlled 
trial was carried out. 

Many recent reports continue to ignore the sampling 
error due to bacterial death on swabs between the 
patient and laboratory, and this omission must detract 
from the validity of any general conclusions (Peach 
and Hayeck, 1974; Doig and Wilkinson, 1976; 
Keighley et al., 1976; Sanderson and Bentley, 1976). 
Bacteriologists agree that samples obtained at opera- 
tion and transported in a capped syringe or bottle are 
preferable to swabs, but surgeons seem reluctant to 
provide these unless gas-liquid chromatography 
results are immediately available. As a consequence, 
specimens have been sent to laboratories in transport 
medium. Stuart's medium (Moffet et al., 1948; Stuart 
et al., 1954) is the medium in common use; it permits 
only minimal bacterial metabolism, and overgrowth 
of aerobes and anaerobes is not thought to be a major 
problem. Gilmore and Martin (1974) and Gilmore and 
Sanderson (1973) used Stuart's medium and found 
that operative swabs taken from 49 per cent of 156 
general surgical patients grew pathogens and that over 
half grew anaerobes. Leigh et al. (1976) used 
Robertson's meat broth and found that 28 per cent of 
the operative swabs taken from 200 appendicectomy 
patients grew pathogens. 

Collee et al. (1974) reported a survey on the yield 
of various anaerobes from albumin-coated swabs 
inoculated in vitro with known numbers of pure 
cultures of these anaerobes to mimic clinical specimens. 
They suggested that the loss of bacteria from the swabs 
might be as much due to desiccation as to damage 
caused by oxygen. They also showed that their swab 
material did not appear to be toxic to those bacteria 
under laboratory conditions. They recognized that 
these simulated swabs did not contain the tissue factors 
that might be present in actual clinical specimens to” 
enhance or depress bacterial growth. They showed 
that only a proportion of the organisms present on 
these swabs could be subsequently detected by con- 
ventional plate culture and concluded that swabs 
might not be the best method of sampling. 

Oates et al. (1971) used polyester foam swabs to 
sample vaginal exudate and reported a threefold 
increase in material absorbed and a lack of toxicity to 
gonococci comparable with charcoal-dipped swabs. 
We are not aware of similar studies on anaerobes. 





* Departments of Surgery and Microbiology, Addenbrooke's 
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One of us (M. J. K.) worked independently in a 
research laboratory sited 2 miles from the hospital 
laboratory where R. E. W. worked. Assessment of 
procedural changes could therefore be made without 
increasing hospital workload or introducing the 
enthusiasm bias evoked by obviously comparing two 
methods in parallel in the same laboratory. 


Materials and methods 

Three clinical trials were carried out. In trial 1, operative swabs 
from 122 consecutive abdominal operations in which the 
peritoneum was opened were included in the trial, performed 
at Addenbrooke’s Hospital during 43 days in May and June 
1976 Hernia and groin operations were excluded. In trial 2, 
swabs from 41 patients were studied in September and October, 
and trial 3 involved 51 patients in October and November 1976. 
The total number of patients included in the three trials was 
214. Trials 2 and 3 were undertaken to elucidate the results 
produced by trial 1. 

The operations were performed by all the members of the 
general surgical staff of the hospital, comprising 5 consultants, 
3 senior registrars, 3 registrars and 5 housemen in 4 comparable 
theatres in a modern operating suite opened in 1973. 

Two different types of culture swab were used: a home-made 
wooden-handled cottonwool swab in a glass tube and wooden- 
handled Gelfoam swabs* made from polyester foam. Both 
varieties were autoclaved in separate packets for opening 
during the operations. 

Duplicates of operative swabs were taken from frank pus if 
encountered or from exudate in the depth of the wound just 
before closure. When fat swabs were taken, they were rolled 
around the circumference of the wound just before closure of 
the skin. No rule was made about which duplicate should be 
taken first. Swabs sent in transport medium were broken off 
into biioux bottles containing Stuart's medium prepared in the 
research laboratory (Oxoid, batches 895987). The other swabs 
were replaced in their sterile test-tubes. Swabs destined for the 
research laboratory were kept in a refrigerator at +4°C to 
await daily collection by M. J. K.; those intended for the 
hospital laboratory were submitted to the usual hospital 
procedure, being placed either in the collection hatch of the 
theatre suite (at room temperature) or, if the operation occurred 
at night, refrigerated until the morning collection unless urgent 
Gram stain or culture was requested, which was a rare occur- 
rence. No special efforts were made to ensure that specimens 
reached the laboratory with minimal delay. 

At the hospital laboratory the date, but not the time, of the 
receipt of specimens was recorded. Each swab was used to 
inoculate two horse blood agar culture plates and one cysteine- 
lactose-electrolyte-depleted (CLED) (Oxoid) agar plate. 
Anaerobic media were not prereduced. One blood agar plate 
was incubated in a Baird and Tatlock jar containing 90 per cent 
hydrogen and 10 per cent carbon dioxide from a cylinder, 
while the other and the CLED plate were incubated in air 
enriched by 10 per cent carbon dioxide. Anaerobic incubation 
continued for 48 h with an interruption at 24 h for preliminary 
reports. Reports of isolation and sensitivity tests by technical 
staff were assessed in a routine way by R. E. W. 

At the research laboratory specimens were processed solely 
by M. J. K. The culture plates were distinguished only by a 
number and a surname. Thus it was not obvious during the 
incubation period whether bacterial growth was to be expected. 
The date and time of the culture plate inoculation were 
recorded. The same media were used. The CLED and one of 
the blood agar plates were incubated aerobically at 37 °C for 
18 h. The other blood agar plate was placed in an anaerobic 
jar containing an atmosphere of 5-10 per cent carbon dioxide 
with hydrogen generated by Gaspak (BBL) and incubated at 
37°C for 48h before examination. The plates were read 
initially by M. J. K. and verified by R. E. W. Organisms were 
classified according to colonial morphology and Gram staining. 
Occasionally further tests were undertaken and some antibiotic 


RU SEA ARTO SE SR RO EES RESON SOR RS TENE PCS CTE tee NERIS REE REI ME ERO 
* Supplied by Messrs McDonald & Co., 32 The Ridings, 
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resistance patterns were aiso determined. Obligate anaerobiasis 
was confirmed by subculture. 


Criteria for reporting bacterial growth 
Care was taken to avoid reporting small numbers of bacteria 
and for this reason no enrichment proceedure was used. The 
following arbitrary system was adopted by the research 
laboratory: 
0-4 colonies per plate = negative 
5-9 colonies per plate = + 
10-49 colonies per plate ==- =- 
50-4- colonies per plate == <- i- -i 
Skin organisms such as micrococci were initially recorded 
separately. However, an analysis of the results showed that the 
presence of such bacteria appeared to have no influence on 
morbidity nor on the ratio of aerobes to anaerobes. In conse- 
quence, the skin bacteria were grouped with and reported as 
“negatives”. 


Trial I 

The aim of this trial was to obtain the largest possible yield of 
pathogenic bacteria from operative swabs and to examine any 
relationship between their presence or absence and early 
postoperative sepsis as determined by M. J. K. The variables 
concerned were believed to be the nature of the swab material, 
the use of transport medium, the time taken by porters to 
transport specimens from the theatre to the laboratory, 
interruption of anaerobic incubation at 24 h for interim reports 
and the different interpretation of culture plates by different 
technical staff. Both authors considered the existing hospital 
system to be imperfect. 

Trial 1 compared the results of cultures of cottonwool swabs 
sent dry to the hospital laboratory with the results of Gelfoam 
swabs in transport medium sent to the research laboratory. Two 
peritoneal and two subcutaneous fat swabs from the same 
operative wound were examined. In all, 122 wounds were 
studied from a total of 137 consecutive transperitoneal opera- 
tions. No special selection of patients for this study was made, 
but the taking of the requisite swabs was overlooked in 18 
patients. The series is believed to represent the total peritoneal! 
abdominal workload of a district general hospital. 

The intervals between sampling and plating of operative 
swabs were not analysed and hospital and research laboratory 
results were not correlated until the end of the trial. No direct 
comparisons of culture plates or results on individual patients 
were made. Thus it was impossible for any prior knowledge of 
hospital reports to influence the research laboratory’s results. 
The time and date of the patient’s entry to the recovery room 
were obtained from the log-book. Half an hour was subtracted 
from this time and the resultant figure was taken to represent 
the time when the swabs were actually taken. The period 
between this and the research laboratory’s record of the time® 
of plating was taken as the interval between sampling and 
plate inoculation. 


Identification of clinically infected wounds 

The criteria of Ljunqvist (1964), as used by Gilmore et al. 
(1974), were used to determine whether wounds were ‘infected’. 
Wounds were regarded as being ‘infected’ when there were 
induration, reddening and discharge of frank pus or copious 
exudate from which pathogens could be cultured. Minor 
degrees of erythema or culture-negative serous ooze were 
classified as ‘not infected’. 

The patients’ wounds were inspected by M. J. K. in the 
wards on the fifth day after operation. Standard cottonwool 
swabs were taken from the infected wounds by nursing staff 
and sent through the routine hospital system to the micro- 
biology laboratory. No duplicate swabs were sent to the 
research laboratory and transport medium was not used. Some 
of the patients (10 per cent) were discharged from hospital 
before this inspection could be carried out. In all these cases 
the patient’s case notes and nursing notes (Kardex) were 
scrutinized and the microbiological laboratory’s records 
checked to ensure that no postoperative ‘wound swab’ had 
been received from these patients before discharge from 
hospital. Swabs were not taken from the surfaces of uninfected 
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Table I: RELATIONSHIP OF THE QUANTITIES OF ORGANISMS GROWN FROM OPERATIVE SWABS TO 
THE USE OF ANTIBIOTICS AND SUBSEQUENT WOUND INFECTION 


Organisms No antibiotics 
Aerobes alone + 90) 
++ 4(0) 
+++ 50 
I8 4 
Anaerobes alone + 0 (0) 
c^ 2 (0) 
+++ 2 (0) 
4 9 
Mixed aerobes and anaerobes -- 0(0) 
+--+ 7 (5) 
+++ 5) 
12 8 


Numbers of later wound infections are shown in brackets. 


Antibiotics not 


active against Anti-anaerobic 


All antibiotics anaerobes antibiotics 
+ 4 (0) + 12 (3) -+ 1 (0) 
“+ + 2 (0) 4 4 (0) -+-+ 2 (0) 
+ +--+ 3 (2) +++ 6(2) +++ 2) 
9 2 22 5 5 i 
+ E0 + 3(0) Ks 
+--+ 2 (0) +-+ 4(0) — 
+++ 1) +++ 10D — 
4 ] 8 f 
+ 0 (0) + 0(0 — 
++ 20) ++ 9(7) -— 
ddr 1 Tbe 845) e 
5 4 17 12 


t, 5-10 organisms per plate; +- +, 11-49 organisms per plate; + -+ -+, more than 50 organisms per plate. 


wounds. Wounds about which there was doubt as to the 
presence of infection were further observed until they either 
produced frank pus or started to heal. Antimicrobials used 
before patient discharge were recorded. 

Reports were obtained from the hospital laboratory records 
of the wound swabs sent from the wards for those patients who 
developed wound infections. These were compared with the 
results of the hospital's duplicate operative swabs and the 
research laboratory's swabs. 

Operations were classified as clean, clean-contaminated or 
contaminated, as suggested by Lowbury et al. (1975), without 
reference to the results of operative cultures. 


Results 


Operative swab yields 

swabs from 122 consecutive wounds produced 70 
negative results and 52 (43 per cent) positive results of 
various kinds. The 52 isolates of pathogens could be 
grouped as follows: aerobes alone, 27 isolations (52 
per cent); obligate anaerobes alone, 8 isolations (15 
per cent); aerobes plus obligate anaerobes, 17 isola- 
tions (33 per cent). 


Affe 

The incidence of positive and negative swabs was 
nearly equal in the 9 children involved. In patients 
aged between 15 and 65 years there were 31 positives 
and 52 negatives, and in the elderly (over 65 years) 
there were 17 positives and 13 negatives. This probably 
reflected the higher incidence of large bowel disease 
with serious contamination by faecal organisms 
among those over 65 (17 of 30 patients opposed to 
15 of 83). 


Antibiotic therapy 

Various antibiotics were used in 24 of the 119 (20 per 
cent) patients studied in trial 1. No one drug was used 
sufficiently often to allow any statistically significant 
conclusions to be drawn. In only 5 of the 24 patients 
treated with antibiotics was the drug active against 
anaerobes. Table I indicates that there were no major 
differences in the extent of operative contamination 
between those given antibiotics and those not so 
treated. Table H indicates that these drugs were given 
to 6 out of 67 patients with negative operative swabs 


Tabie H: RELATIONSHIP OF CHEMOTHERAPY TO 
POSITIVE OPERATIVE CULTURES 


Patients with Patients with 


bacteria bacteria 
present in not present 
swabs in swabs Total 
Antibiotics given 18 6 24 
Antibiotics not given 34 61 95 
Total 52 67 119 





and to 18 out of 52 with positive swabs (y? = 15-94, 
d.f. 1, P<0-001 with Yates’ correction). 

. None of the patients whose operative swabs grew 
anaerobes, either alone or in combination with aerobes, 
was given an antibiotic active against anaerobes. 
Table IH gives the details of antibiotic treatment. 


Comparison of swabs from operation and established 
infection 

Two swabs from clinically established infections were 
never received in the laboratory. In 1 case no bacteria 
were isolated from a clinically infected wound. In only 
2 cases were the organisms isolated from established 
infections members of species which are not usually 
found in the intestinal flora; in one case a haemolytic 
streptococcus was isolated where no bacteria were 
isolated from the operative wound swab; in the other, 
Staphylococcus aureus was isolated when the operative 
sample grew anaerobic streptococci and Escherichia 
coli. In no case were S. aureus or haemolytic strepto- 
cocci isolated from the operative swab. 

In 14 other cases organisms of the faecal flora were 
isolated from the established infection. Anaerobes 
were only isolated in 4 of these cases, although the 
operative swabs had yielded anaerobes in 11 cases. 
Possibly this was due to death of anaerobes in transit 
to the laboratory on dry swabs or, alternatively, to a 
change in flora as wound infection progresses. 


Correlation of the yields from different swabs from the 
same wounds 

Analysis of positive and negative results from the fat 
swabs and peritoneal swabs taken from the same 
wounds indicates that out of 52 positive swabs the 


* 
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Table HI: RELATIONSHIP BETWEEN THE QUANTITIES AND TYPES OF BACTERIA GROWN FROM 
THE OPERATIVE SWABS AND THE SUBSEQUENT DEVELOPMENT OF WOUND INFECTION 


Positive swabs 


Infected wounds 
No No 








antibiotics Antibiotics antibiotics 
Aerobes + 3 +++ Gn + 6 + 
alone quaes. qeqor Gn Pr A E 
+++ 1 Cl Co +-+- 4 + 
+ A 
4 2 14 4 
Anaerobes -+ H Pe, Str +--+ 2 -+ Ce 
alone ae, 19 
4 Í 
Mixed aerobes e me ---- Gn +--+ 2 
-Fanaerobes Se erm do Gn x5 E" 
4A 3 +--+ Ce 
-H-H Na 
8 4 4 


Uninfected wounds 


Negative swabs 


No 
Antibiotics antibiotics Antibiotics 
4-24 Sep +++ L, Gn 2 - Gn 
+--+ L, Gn 1~ Gn, L, A 
2 — Ne 
i- T 
2 H 64 $ 
+--+ Ps 
+--+ No, Gn 
2 
+-+-+ Gn, Ce 


aet] = e 


H 


A, Ampicillin; Ce, cephaloridine; Cl, cloxacillin; Co, colistin; Gn, gentamicin; L, lincomycin; Na, nalidixic acid; 
Ne, neomycin; No, noxythiolin; Pe, penicillin; Ps, phthalysulphathiazole; Sep, Septrin; Str, streptomycin; T, tetracycline. 
--, 5-10 organisms per plate; +--+, 11—49 organisms per plate; -++-+, more than 50 organisms per plate. 


Table IV: SAMPLING-PLATING INTERVALS FOR 
THE RESEARCH LABORATORY SWABS 


Mean 
No. of interval Së, 
Swab growth swabs {h} s.d. (h) mean (h) 

Negatives 70 17:2 10-8 1-48 
Aerobes alone 27 20-7 13:2 2-59 
Anaerobes alone 8 18-2 8-4 5-91 
Aerobes and anaerobes 17 20-7 10-1 2:38 
Overali 122 18-8 8.8 0-80 


The differences between the groups are not statistically 
significant. 


Table V: CORRELATION OF THE ISOLATION OF 
PATHOGENS FROM OPERATIVE SWABS WITH 
LATER CLINICAL WOUND INFECTION 


Processing No. of patients No. of later 
laboratory with positive swabs wound infections 
Research alone 38 ]5. Research 
system 
Research and 13 4 Hospital 
hospital eta 
Hospital alone i 04 5Y 


One patient with a negative wound swab developed an 
infection. 


Table VI: SUMMARY OF CORRELATION OF 
BACTERIOLOGY OF OPERATIVE WOUND SWABS 
AND SUBSEQUENT WOUND INFECTION 


No. of No. of 
swabs yielding swabs yielding 
bacteria no bacteria Total 
Subsequent wound 19 1 20 
infection 
, No subsequent 33 . 69 102 
wound infection 
Total 52 70 122 





research system would have missed 6 (12 per cent) by 
omitting to take a fat swab and 12 (23 per cent) by 
omitting a peritoneal swab. Further analysis of the 
figures is unhelpful because the numbers are too small, 
although it is clear that sending a swab from the 
wound edge to the laboratory without transport 
medium was not helpful. 


Comparison of the two sampling systems 

Ninety-four per cent of hospital swabs were received 
within 1 day of sampling; 6 swabs took 2 days, 1 swab 
3 days and 1 swab 5 days. The sampling-plating 
intervals for the Gelfoam swabs in transport medium 
sent to the research laboratory are shown in Table IV; 
the differences in interval for swabs producing different 
culture results are not statistically significant. 

Table V shows the extent to which the hospital 
system or the research system was successful in 
identifying the operative samples producing positive 
swabs. Fifty-two samples in transport medium yielded 
positive swabs; only one dry swab produced organisms 
not grown from the corresponding transport medium 
swab. In 13 of the 52 both samples were positive. Thus 
dry swabs identified 14 (27 per cent) of the 52 known 
positive swabs, whereas swabs in transport medium 
identified 51 (98 per cent) of the 52 known positive 
swabs, i.e. a more than threefold greater sensitivity. 

Table V also relates the occurrence of later wound 
infection to those wounds whose operative swabs 
produced positive results. In the entire series of 122 
wounds, summarized in Table VI, 20 became infected, 
19 wounds having previously yielded a positive 
operative swab. Four infections developed in the 13 
wounds which had positive cultures in both the 
hospital and research laboratories. Of the 38 wounds 
where the research laboratory swab alone grew 
pathogens, 15 became infected, and the single wound 
where the hospital swab alone grew pathogens did not 
develop an infection. 

The research system (swab in transport medium) 
identified 51 (98 per cent) of the 52 known positive 
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When post-operative recovery is threatened by 
shock or deteriorating pulmonary function, ad- 
junctive therapy with Solu-Medrone can improve 
the patient's chances of survival. 


Pharmacological doses of Solu-Medrone stabilise 
lysosome and cell membranes and prevent the 
release of destructive lysosomal enzymes. The 
corticosteroid preserves platelet and leukocyte 
integrity, thereby reducing the risk of intravas- 
cular coagulation and helping to preserve the 
pulmonary architecture. 


In addition, Solu-Medrone helps restore haemo- 
dynamic balance by decreasing peripheral resist- 
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ance and increasing vasodilatation. The resulting 
increase in tissue perfusion helps reduce 
damage and maintain organ function. 






Supplied: as methylprednisolone sodium succinate, in a 40 
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Table VII: ORGANISMS ISOLATED FROM DIFFERENT OPERATIONS | 
l Aerobes Anaerobes Aerobes and Negative 

Type of operation alone alone anaerobes swabs ) Total 
Appendicectomy 9 (1/3) 3 (0/1) 8 (1/5) 25 45 (2/9) 
Colorectal 5 3 7 (5/5) 8 (0/1) 23 (5/6) 
Small bowel 4 (2/2) — 2 (2/2) 5 11 (4/4) 
Biliary 4 | e 21 26 — 
Gastroduodenal 1 | — 2 4 
Laparotomy (unspecified) 2 (0/1) — — 7 9 (0/1) 
Splenectomy 1 5 us 2 ERR 


et etn a e i i M d 


Figures in brackets show the number of cases develo 
peritoneal soiling. 


— Aerobes alone -. 
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Anaerobes alone o 





ping subsequent wound infection where operation revealed pus or faecal 


p Mixed aerobes and anaerobes 1 


uninfected 


infected 
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Fig. 1. The distribution of later wound ínfections among the positive swabs identified 


by the two sampling systems. The figures given for the hospital or research 'system' 
represent the results for that laboratory working either alone or together. 


Table VHI: RELATIONSHIP BETWEEN THE TYPE OF 
OPERATION, THE DISTRIBUTION OF OPERATIVE 
SWAB ORGANISMS AND THE SUBSEQUENT 
DEVELOPMENT OF WOUND INFECTIONS 

Type of operation 


| " ; 
| Operative swab Clean- 
yield Clean contaminated Contaminated 
Negative 5 (1) 59 (0) 6 (0) 
Aerobes alone | (0) 18 (6) 8 (Q) 
Anaerobes alone 0 (0) 4 (1) 4 (0) 
Aerobes and 2 (0) 6 (4) 9 (8) 
anaerobes 
Total 8 (0 87 (10) 27 (8) 


Figures in brackets show the numbers of subsequent wound 
infections. 


wound swabs and predicted 19 of 20 (95 per cent) 
infections. The hospital system (dry swab) identified 
14 (27 per cent) of the 52 positive swabs, predicting 4 
(20 per cent) of the 20 infections. Thus, if the research 
system alone had been used, the infection rate for 
wounds with positive operative swabs would have 
been 19 out of 51 (37 per cent) and for negative swabs 
i out of 17 (1 per cent). Whereas, if only the hospital 
system had been used, the infection rate for positive 
swabs would have been 4 out of 14 (20 per cent) and 


for negative swabs 16 out of 108 (15 per cent). 
Prediction of subsequent infection from an operative 
sample was therefore excellent in the research system 
and impossible in the hospital system. 

Fig. 1 compares the yield of positive swabs from the 
two systems according to the kinds of organism 
isolated and in relation to the numbers of infected 
wounds. Table VII relates these data to the type of 
operation and whether or not free pus or macroscopic 
faecal peritoneal soiling was found at operation. 

Compared with transport medium samples, dry 
swabs grew aerobes alone in 9 of 27 cases, anaerobes 
alone in 2 of 8 cases and both in 3 of 17 cases. Predic- 
tion of postoperative infection would have been seon 
in 1 out of 6, 1 out of 1 and 2 out of 12 cases if dry 
swabs had been used, against prediction in 6, 1 and 11 
cases respectively when transport medium was used. 

Table VIII shows the relationship between the 
type of operation, the distribution of operative swab 
organisms and the subsequent development of wound 
infection. It can be seen that only 1 out of 8 clean 
wounds developed infection. Clean-contaminated and 
contaminated operations did not develop infection 
when the initial operative swab was negative (0/65), 
and when it was positive, the growth of mixed 
aerobes and anaerobes gave an excellent indication of 
probable future infection (y? — 12-12, d.f. 1, P« 0-001). 


+ 
.* 
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Table IX: COMPARISON OF THE YIELD OF PATHOGENS FROM COTTONWOOL SWABS SENT EITHER 


DRY OR IN TRANSPORT MEDIUM 


Positive swabs only 
All swabs 


Swab Processing Aerobes Anaerobes Aerobes and 
type Material Carriage laboratory Positive Negative Total alone alone anaerobes 
D Cottonwool Dry Research 4l 5i 5 2 3 
E Cottonwool Transport medium Research 31 51 8 7 5 
F Cottonwool Transport medium Hospital 33 48 * 10 4 1 


There was a poor yield of pathogens from the dry cottonwool swabs when compared with the higher yield from duplicate 
operative swabs sent to the same laboratory for processing. The research system and the hospital system produced very 


similar yields when both were sent swabs in transport medium. 


* Three swabs from the hospital series were not processed. 


Table X: CUMULATIVE RESULTS OF TRIALS 1, 2 AND 3 
Cottonwool and Gelfoam swabs in transport medium 


Positive swabs 


All swabs Aerobes Anaerobes 
x — Total alone alone 
Trial | 52 70 122 27 8 
Trial 2 17 24 41 9 i 
Triai 3 20 3] 5] 8 5 
Total 89 125 214 44 i4 
+-, Positive swabs; —, negative swabs. 


* There were 4 cases omitted. 
+ There were 3 cases omitted. 


Trial 2 

Trial 2 was designed to compare yields from cotton- 
wool and Gelfoam swabs, both sent in transport 
medium to the research laboratory. Because the 
presence of transport medium was thought to be the 
major cause of the improved results of the research 
system in trial 1, a duplicate swab was sent for patient 
benefit, and as a control, to the hospital laboratory. 


. Materials and methods 

Throughout trial 2 peritoneal swabs only were sent in Stuart's 
transport medium. Swab A was a Gelfoam swab and swab B 
cottonwool, both processed by the research laboratory; swab 
C was a cottonwool swab processed by the hospital laboratory. 
In the research laboratory each swab was allocated a random 
number and cultures were subsequently only distinguished 
thereby. 


Results 

The yields of positive swabs were similar with each 
swab: swab A 15 out of 41; swab B 14 out of 41; and 
swab C 15 out of 37. Four swabs were never examined 
by the hospital. 

When the yields obtained in the research laboratory 
from the Gelfoam and cottonwool swabs were 
compared, positive and negative swabs agreed in 36 
eut of 41 cases. In 2 cases the Gelfoam swab was 
positive and the cottonwool swab negative. The 
reverse was true in 3 cases. When the results from the 
duplicate cottonwool swabs (B and C) were compared, 
both laboratories agreed for positive and negative 
swabs in 31 out of 37 cases. The hospital system 
missed 4 of 17 positives, while the research system 
missed 2, 

Trial 3 

Trial 3 was designed to confirm that the differences 
between duplicates in trial 1 were not due to differences 
in culture plate reading by technical staff on the one 
hand and M. J. K. on the other. 


* 


Cottonwool swabs only 


Aerobes and Transport medium Dry 
anaerobes * = Total +- — Total 
17 ae ~=- = 14 108 122 
7 5 93 37* o dn ze 
7 is 33 481 10 4l 51 
31 30 55 85 24 t49 173 


Materiais and methods 

AH the swabs were of cottonwool. Swabs D and E were sent to 
the research laboratory-—swab D dry and swab E in Stuart's 
medium-—and swab F was sent to the hospital laboratory in 
transport medium for patient benefit and as a control. 


Results 

Table IX shows that only 10 (20 per cent) of 51 dry 
cottonwool swabs (D) yielded pathogens compared 
with 20 (39 per cent) of 51 cottonwool swabs in 
transport medium (C) when both swabs came from 
the same wounds and were sent to the same (research) 
laboratory. This difference is statistically significant 
(x° = $83, d.f. 1, P — 0-05 with Yates’ correction). 
The difference between the yields of swabs E and F 
(20/51 and 15/48) was not statistically significant, 
although the hospital again isolated the lower number 


of positives, particularly of anaerobes. $ 


Cumulative results 

Table X compares the distribution of positive operative 
cultures among all patients in the three trials where 
swabs were sent to the research laboratory in transport 
medium. The overall incidence of positive swabs— 
89 out of 214 (41-6 per cent)-—was remarkably similar 
to that in each individual trial. Furthermore, the 
distribution among the types of bacteria was also 
constant. Table X compares the results from the 
hospital system when cottonwool swabs were sent in 
transport medium in trials 2 and 3. No statistically 
significant difference from processing in the research 
laboratory is noted. Table X also compares the results 
obtained from the hospital system and the research 
system on the two occasions when each received dry 
cottonwool swabs (trials 1 and 3). There was a lower 
incidence of positives from the hospital in trial 1— 
14/108 (11 per cent)—than from the research 
laboratory in trial 3—10/51 (20 per cent) This 
difference does not reach statistical significance (y? — 
1-990 or less with Yates’ correction). ` 
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Discussion 

The patients examined in trial | represent all those 
who had abdominal operations in a district general 
hospital over a 6-week period. In all clinical trials 
some patients have to be excluded for one reason or 
another, and the small number of cases omitted in this 
trial (13 per cent) is a tribute to the cooperation of the 
many surgeons and nurses involved. Infections 
assessed at day 5 probably indicate those cases where 
delay in discharge contributes to the cost to the NHS 
of wound infections in terms of prolonged bed 
Occupancy. 

The overall wound infection rate (16-4 per cent) is 
similar to that obtained in other very large series 
(Cruse, 1975). The distribution of swabs growing 
aerobes, anaerobes and mixed aerobes and anaerobes 
depends partly on the nature of the cases studied and 
partly on the success of the culture methods in 
isolating particular types of organism. Any attempt to 
quote infection rates for operations classified as clean, 
clean-contaminated or contaminated depends on how 
appendicectomies, the largest group, are classified. If 
a slightly turgid, reddened appendix was regarded as 
clean-contaminated rather than contaminated, the 
figures were totally different. This difficulty has been 
encountered before (Gilmore and Martin, 1974; Lari 
et al, 1976), and is only overcome in our series by 
assessment of an operative swab taken either just 
before closure of the peritoneum or from pus found at 
operation. Operative peritoneal swabs taken into 
Robertson's meat medium at the start of an operation 
when no pus has been found frequently yield negative 
results (Leigh et al., 1976). 

Antibiotics were only used in 20 per cent of the 
patients studied. The numbers were too small for any 
statistically significant conclusions to be drawn except 
that antibiotics were much more commonly used for 
wounds that had positive operative swabs than for 
those that gave negative swabs ( P 0-001). Seven out 
of 19 patients with positive operative swabs and 
clinical wound infection, and 11 out of 33 patients 
with positive operative swabs but no clinical wound 
infection, received antibiotics with some activity 
against aerobes. Thus the non-standardized use of 
antimicrobials active against aerobes had little effect 

n subsequent wound infections. Only 6 out of 24 
cases were given drugs known to be active against 
anaerobes, and all these operative samples grew 
aerobes alone, so either an anaerobe was eliminated or 
it was never present. 

Trial 1 compared Gelfoam swabs in transport 
medium processed by one person with dry cottonwool 
swabs processed by a team of technicians. The former 
yielded three and a half times as many positives. 
Analysis of the positive and negative results from fat 
and peritoneal swabs taken from the same wounds 
supported the validity of the standard surgical practice 
of taking an operative peritoneal swab rather than à 
fat swab to identify wound contamination. The taking 
of a fat swab in addition to the peritoneal swab might 
increase the number of wounds yielding pathogens by 
some 12 per cent. The results of trial 2 suggest that a 
similar increase in positives would be obtained (2/17) 
by taking a second peritoneal swab. 

The overall incidence of positive operative swabs in 
transport medium in trial 2 (A 37 per cent; B 34 per 
cent; C 41 per cent) was very similar to that obtained 
in trial 1 (43 per cent). This suggested that the two 


series of cases were likely to be comparable. Com- 
parison of the yields from swabs A and B in the 
research laboratory suggested, as suspected, that no 
advantage accrued from using a Gelfoam rather than 
a cottonwool swab. Comparison of the results from 
swabs B and C suggested that, with similar samples, 
research laboratory processing by one person pro- 
duces similar results to a routine hospital laboratory. 

Thus trial 2 strongly suggested that it was the 
presence of transport medium in trial 1 that con- 
stituted the major improvement, and that its introduc- 
tion would increase the sensitivity of operative swab 
sampling. In order to prove this hypothesis, duplicate 
cottonwool swabs——one dry and the other in transport 
medium-—were sent to the research laboratory for 
comparison. In trial 3 the results demonstrated that 
there was a significant reduction, at the 5 per cent 
level, in pathogen isolation in the research laboratory 
when swabs were transported dry. The fact that those 
swabs sent to the hospital laboratory produced results 
comparable to those sent to the research laboratory 
suggested that the transport medium was responsible 
for the difference. 

Comparison of the yields from similar swabs from 
the three trials showed that, in general, the results 
were remarkably consistent, suggesting that it was 
valid to regard them as samples from a single 
population. The results from the hospital all contained 
less positives than those obtained by M. J. K. During 
trials 2 and 3 the hospital laboratory had increased its 
yield of positive operative swabs from 14 out of 122 to 
30 out of 85, a level comparable to that obtained in the 
research laboratory. The results of the series prove 
that the addition of transport medium to an operative 
swab will increase the yield of pathogens by at least 
100 per cent. 

The overall infection rate was 16:4 per cent, and it 
was noted that the presence or absence of transport 
medium during the carriage of specimens would so 
alter the distribution of positive and negative results 
that very different interpretations could be placed on 
the cause of wound infection. When dry swabs were 
sent, as they are in many hospitals, 80 per cent (16/20) 
of the infections were associated with negative 
operative swabs. When transport medium was used, 
only 5 per cent (1/20) were associated with negative 
swabs. In the first case infection appeared to arise de 
novo in apparently uncontaminated wounds, and one 
might argue that operative contamination was not of 
paramount importance in the development of later 
wound infection. In the second case this view becomes 
untenable, and the evidence underlines the presence of 
pathogenic bacteria in an operation wound as being a 
major predictive factor for future sepsis, confirming 
the earlier conclusions of Davidson et al. (1971). The* 
use of transport medium circumvents the difficulty in 
obtaining rapid transfer of samples to the laboratory 
on a consistent basis with minimal repetitive admini- 
strative effort. 

The observed incidence of later developing wound 
infection varies with the organisms grown from 
operative specimens after 48 h incubation (negative 
swab 1 per cent; anaerobes alone 13 per cent; aerobes* 
alone 22 per cent; mixed aerobes and anaerobes 71 
per cent; overall mean 16:4 per cent). The differences 
were statistically significant beyond the 1 per cent 
level (P nearly reached 0-001). These results suggested 
that clinical wound infections were very rare (1 per 
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cent) in an abdominal wound when standard laboratory: 


methods failed to grow any pathogenic bacteria from 
the operative swab, Subsequent infection occurred in 
a moderate proportion. of wounds which, when 
swabbed at operation, grew either aerobes or anaerobes 
alone, whereas infection was very common (71 per 
cent) among those wounds which had grown mixed 
aerobes and anaerobes when swabbed at operation. 
We believe that this is likely to be a causal association 
due to the importance of bacterial synergy between 
rapidly growing aerobes and anaerobes in the produc- 
tion of serious wound morbidity. 

The influence of anaerobes isolated on prolonged 
incubation or by enrichment on subsequent wound 
infections has not been examined. 

When the type of operation and the extent of 
visually determined operative contamination were 
compared it was shown that the degree of contamina- 
tion was not a good predictor of later infection 
because of classification errors in the appendix and 
colorectal cases. Similarly, assessment of the amount 
of bacterial growth on the plates was unhelpful. The 
presence of mixed aerobes and anaerobes was 
associated with a high probability of subsequent 
infection. Excluding cases where pus or faecal con- 
tamination was noted at operation, wound infection 
occurred in 3 out of 20 cases where aerobes alone 
were grown, 1 out of 7 cases where anaerobes alone 
were grown and 4 out of 5 cases where both were 
grown. 

We therefore recommend that all operative swabs 
from transperitoneal abdominal operations be sent to 
the laboratory in Stuart's transport medium and that 
laboratory staff refuse to accept dry swabs. A very 
high incidence of wound infection in patients whose 
properly handled operative swabs yield aerobes and 
anaerobes indicates the importance of appropriate 
antimicrobial chemotherapy, including agents active 
against anaerobes, in trials of methods of prophylaxis 
against infection. 
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Wound infection in emergency appendicectomy: 
a prospective trial with topical ampicillin 


and antiseptic solution irrigation 


CHANVIT TANPHIPHAT, CHESADA SANGSUBHAN, VIROJ VONGVARAVIPATR, 
BANYAT LA-ONGTHONG, VIROJ CHODCHOY, 


SOONTORN TREESARANUVATANA AND 


SUMMARY 

A randomized controlled trial in 374 patients requiring 
emergency appendicectomy to determine the value of 
topical ampicillin and an antiseptic solution of chlor- 
hexidine and cetyl trimethyl ammonium bromide 
(Savlon) in preventing wound infection is reported. The 
application of 1 g of ampicillin powder to the wound 
significantly reduced wound infection in perforated 
appendicitis, but not in unperforated appendicitis. 
Wound irrigation with 1 per cent cetyl trimethyl 
ammonium bromide was ineffective in preventing 
wound infection in all grades of appendicitis. When 
wound contamination is difficult to avoid, as in per- 
forated appendicitis, topical ampicillin should be used 
to reduce the rate of wound infection. 


APPENDICECTOMY continues to be amongst the 
commonest of emergency abdominal procedures. 
Though the mortality of acute appendicitis has fallen 
markedly, morbidity from residual sepsis remains 
substantial, especially in cases of perforation (Kazarian 
et al., 1970; Ackermann, 1974; Lewis et al., 1975). In 
particular, wound infection is a frequent complication 
of perforated appendicitis, with an incidence of 
greater than 30 per cent (Lancet, 1971). Though seldom 
serious, wound infection is inevitably associated with 
greater patient discomfort, a longer stay in hospital 
and a prolonged convalescence. 

Various methods have been used to reduce the 
incidence of wound sepsis. Systemic antibiotics 
administered after operation are ineffective (Kingsley. 
1969; Brumer, 1970; Lewis et al, 1975). Topical 
antiseptics have had varying success; noxythiolin 
(Bird et al., 1970) and chlorhexidine (Crosfil et al., 
*1969) were ineffective, but reduction of wound 
infection was successfully achieved with the use of 
povidone-iodine spray (Gilmore and Martin, 1974). 
Topical ampicillin has also been successful (Rickett 
and Jackson, 1969: Mountain and Seal, 1970; 
Andersen et al., 1972; Mackie et al., 1973; Bates et al., 
1974). 

All these results are necessarily related to the 
circumstances in which the disease is encountered and 
presumably to the predominant bacterial flora in a 
community. Thus, it seemed desirable to establish if 
the techniques of topical antisepsis and antibiosis 
could benefit patients with appendicitis in Thailand. 

A trial was therefore conducted to determine 
whether topical ampicillin or wound irrigation with an 
antiseptic could reduce the rate of wound infection in 
various grades of acute appendicitis at Chulalongkorn 
Hospital. Ampicillin was chosen because it has a broad 
spectrum, is non-toxic and readily available. The 
antiseptic solution regularly used in our unit to 
cleanse contaminated wounds is an aqueous mixture 
of 1-5 per cent wv chlorhexidine and 15 per cent wv 
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cetyl trimethyl ammonium bromide (Savlon) The 
latter substance was also included in a trial on its own 
because its value in the appendicectomy wound had 
never been tested. 


Patients and methods 

Only patients over 15 years of age with acute appendicitis and 
requiring emergency operation were entered into the trial. 
Excluded were individuals of known penicillin sensitivity and 
those who had received preoperative antibiotics. Cases with 
microscopically normal appendices and periappendicitis due to 
inflammation elsewhere were also subsequently excluded. 
Nearly all operations were performed under supervision. A 
muscle-splitting incision over the right iliac fossa was used 
throughout. No special precautions or drapes were used to 
isolate the wound and neither gloves nor instruments were 
changed for wound closure. The use of peritoneal drainage and 
postoperative antibiotics was left to the surgeon's discretion. 
Drains were brought out through separate stab incisions. All 
wounds were closed primarily without drainage; the inner 
layers were sutured with chromic catgut and the skin with silk. 
At operation patients were randomly allocated into three 
groups by drawing cards. 

Group i: No local treatment. 

Group 2: A total of | g of ampicillin powder was sprinkled 
on to each layer of the wound after peritoneal closure, leaving 
a generous amount on the subcutaneous layer. 

Group 3: Each layer was irrigated with a | per cent solution 
of Savion and swabbed dry before closure. 

The wounds were inspected daily by the operative team until 
discharge and subsequently at the follow-up clinic for a 
minimum of 2 weeks. Stitches were removed 5-7 days post- 
operatively. A wound was considered to be infected when 
there was a collection of pus which emptied itself spon- 
taneously or after incision (Ljungquist, 1964). A y? test was 
used for the statistical analysis. 


Results 
Between 1975 and 1976 374 cases of acute appendicitis 
fulfilled the criteria set out for the trial. Perforation 
occurred in 65—-an incidence of 17 per cent. The 
grades of appendicitis among the three groups of 
patients are shown in Table I. The total number of cases 
in each group is almost equal, though there are more 
cases of perforated appendicitis in the ampicillin group. 
The three groups are closely comparable for age and 
sex (Table ID. The use of postoperative systemic 
antibiotics and peritoneal drainage is shown in Table 
Ill. The postoperative antibiotics most commonly 
employed were penicillin, ampicillin and kanamycin. 
The presence of peritoneal exudate and the ease or 
difficulty of appendicectomy-—admittedly a subjective 
estimate—among the three groups are also comparable 
(Table IV). 

A total of 29 wounds was infected, an overall 


incidence of just under 8 per cent. Ten infected wetfids-..— 


occurred in non-perforated appendicitis (9 
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Table I: GRADES OF APPENDICITIS 
Non-perforated 
Non-gangrenous Gangrenous Perforated Total 


Control 104 4 16 124 
Ampicillin 83 7 32 122 
Savion [05 6 17 128 


Table H: AGE AND SEX INCIDENCE 


Age tyr) Sex 
Range Mean l Male Female 
Control 15-65 27 64 60 
Ampicillin 15-68 251 67 55 
Savlon 15-35 24:5 64 64 


Table HI: POSTOPERATIVE SYSTEMIC ANTIBIOTICS 
AND PERITONEAL DRAINAGE 


Systemic antibiotics Drainage 
No. vA No. y^ 
Non-perforated 
Control 12/104 ii 0 e 
Ampicillin 19/83 21 2 icu. 
Savlon 12/105 11 i TN 
Perforated 
Control 14/16 88 4 — 
Ampicillin 3132 7 12 e 
Savion 17/17 100 T wA 





Table IV: PERITONEAL EXUDATE AND DIFFICULTY 
OF APPENDICECTOMY 





Exudate Appendicectomy 
Clear/ Moderately Very 
turbid Purulent Easy difficult — difficult 
Non-perforated 
Control 35 0 73 22 5 
Ampicillin 41 i 57 37 6 
Savion 43 0 67 31 2 
Perforated 
Control 56 38 14 50 36 
Ampicillin 34 $0 0 66 34 
Savion 35 47 0 73 27 





All figures are percentages, 


Table V: WOUND INFECTION AND MINOR WOUND 
COMPLICATIONS 


Wound Minor wound 
Total infections complications 
Non-perforated 
Control 108 à | haematoma 
Ampicillin 90 2 | seroma 
Savion fil 5 | stitch abscess 
Perforated 
« Control 16 9 — 
Ampicillin 32 2 2 stitch abscesses 
Savion 17 8.  . | — 


compared with 19 in perforated appendicitis (29 per 
cent). The incidence of wound infection and other 
minor wound complications is given in Table V. In 
non-perforated appendicitis the wound infection rate 
in the three groups was extremely low and differences 
are not statistically significant. In perforated appendi- 
citis the wound infection rate was only 6 per cent in 
the ampicillin group compared with 56 per cent in the 
controls, a significant difference (P < 0-01). There is no 
significant difference in wound infection in perforated 


appendicitis between the cetyl trimethyl ammonium 
bromide group and the controls. Of the 29 cases of 
infected wounds, 22 received postoperative antibiotics: 
peritoneal exudate or pus was present in 19 and 21 
were ‘difficult’ appendicectomies. There were 7 cases 
complicated by intraperitoneal abscess. Wound 
infection did not occur in all 4 cases of pelvic abscess, 
but the 3 cases of right iliac fossa abscess all developed 
infection. Specific complications did not result from 
the use of either wound agent. Ampicillin powder 
usually produced slight oozing of blood in the wound, 
but no postoperative problem was encountered. 


Discussion 

Wound infection is the result of the interplay of many 
factors—micro-organisms, the host, the surgeon and 
the environment. Few of these can be controlled and 
we recognize that our study is open to many criticisms, 
particularly in that when methods of treatment are 
disparate, a truly ‘double blind’ approach is impossible. 
Furthermore, randomization may not have been 
adequate because more perforated appendices were 
found in the ampicillin group, which suggests that a 
large number of junior staff on rotation may have 
disregarded randomization in what they took (rightly) 
to be the patient’s interest. However, our results are 
unequivocal. In non-perforated appendicitis neither 
topical ampicillin nor irrigation could improve on the 
wound infection rate of 2-8 per cent in the controls. In 
perforated appendicitis topical ampicillin produced a 
significant reduction in wound infection, while by 
contrast irrigation was ineffective. Similar results with 
topical ampicillin have previously been reported by 
Rickett and Jackson (1969), Andersen et al. (1972) 
and Bates et al. (1974). 

Our series joins a multitude of others which suggest 
that topical antibiosis has a place in the prevention of 
wound sepsis after appendicectomy when there is para- 
appendicular sepsis. An additional observation in our 
patients was that the occurrence of intraperitoneal 
abscess and wound infection was not related unless 
the abscess was directly under the wound. Specific 
measures to reduce the incidence of residual sepsis-— 
such as the administration of conventional antibiotics 
(Magery et al., 1971)—or of agents known to attack 
bacteroides (Willis et al., 1976) —are clearly indicated, 
in patients with spreading sepsis, but do not contra- 
indicate topical measures to reduce wound sepsis. 

The relative merits of systemic antibiosis, topical 
antibiosis and delayed primary suture (Grosfield and 
Solit, 1968) remain to be objectively evaluated. How- 
ever, a prospective trial (Andersen et al., 1972) found 
that topical ampicillin was more effective than delayed 
primary suture in preventing wound infection and in 
shortening hospital stay. Judging from our results, 
delayed primary suture would be unnecessary in over 
90 per cent of cases of perforated appendicitis if 
topical ampicillin were used. 
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The early use of fine-needle percutaneous transhepatic 
cholangiography in an approach to the diagnosis of 


jaundice in a surgical unit 


I. S. BENJAMIN, M. E. M. ALLISON, B. MOULE AND L. H. BLUMGART* 


SUMMARY 

Fine-needle percutaneous transhepatic cholangiography 
(PTC) was performed in a series of 46 patients with 
jaundice or suspected biliary tract disease. The ductal 
system was successfully outlined in each of 20 patients 
with dilated intrahepatic ducts and in 19 of 26 patients 
with intrahepatic ducts of normal calibre. There were two 
episodes of septicaemia after PTC, one of them fatal. 
Valuable accurate diagnostic information was obtained 
in all cases with biliary tract obstruction. A programmed 
approach to diagnosis of suspected obstructive jaundice is 
outlined. Fine-needle PTC is an acceptably safe procedure 
and need not be followed by immediate laparotomy. 


THE differentiation of extrahepatic from intrahepatic 
cholestasis is a frequent problem, particularly in a 
unit providing a specialist hepatobiliary surgical 
service. Prompt diagnosis and relief of surgical 
jaundice are important, since morbidity and mortality 
following operation rise with the increasing degree and 
duration of jaundice (Dawson, 1970), and the hazards 
of ‘diagnostic laparotomy’ in hepatocellular jaundice 
are well established (Harville and Summerskill, 1963). 
Conventional intravenous biliary radiography is 
usually fruitless when the serum bilirubin exceeds 
70 umol/l (Blumgart et al., 1974) and may also fail to 
outline the biliary tract with sufficient clarity to give a 
diagnosis. 

The development of endoscopy and endoscopic 
retrograde choledochopancreatography (ERCP) has 
allowed more precise definition of obstructive lesions 
of the biliary tract as well as the demonstration of a 
normal calibre biliary tree (Cotton et al, 1972; 
Burwood et al, 1973; Blumgart et al., 1974). This 
technique, however, requires the combined skills of an 
experienced endoscopist and a radiologist, and while 
success is possible in approximately 90 per cent of 
patients, this figure falls if there is distortion of the 
duodenal lumen (Blumgart, 1975). 

Percutaneous transhepatic cholangiography (PTC) 
by the use of a sheathed needle has long been 
available (Arner et al, 1962; Glenn et al, 1962; 
Seldinger, 1966), but its value has been limited by 
three factors. First, the procedure may be complicated 
by biliary leakage or haemorrhage, so that it has 
become accepted practice to ensure that facilities are 
available for laparotomy within a few hours should 
a dilated biliary tree be entered (Hines et al., 1972; 
Sherlock, 1975). Secondly, biliary tract obstruction 
cannot be excluded by the failure to demonstrate a 
dilated biliary tree, since the technique is reported as 
being successful in only approximately 74 per cent of 
patients (Hines et al., 1972). Thirdly, puncture of a 
non-dilated biliary tree is uncommon, a positive result 
being obtained in only 20-40 per cent of patients 
(Arner et al., 1962; Hines et al., 1972). 

In 1969 Japanese workers from the University of 
Chiba described an improved PTC technique involving 
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the use of a thin and very flexible steel needle inserted 
into the liver under fluoroscopic control (Tsuchiya, 
1969). It has been claimed that this method offers 
advantages over the original technique and that its 
use can result in safe and more reliable preoperative 
diagnosis in patients with biliary tract disease (Okuda 
et al., 1974; Redeker et al, 1975). A recent com- 
parison of percutaneous transhepatic and retrograde 
endoscopic cholangiography from Britain gave a 
success rate for the former for the outlining of dilated 
intrahepatic ducts of 95 per cent, but still recorded 
only a 25 per cent success rate for non-dilated ducts 
(Elias et al., 1976). 

We report a study to assess the value and safety of 
fine-needle PTC in the diagnosis of suspected obstruc- 
tive jaundice and other complex biliary problems. We 
have also formulated a programmed approach to the 
rapid preoperative diagnosis of such problems on a 
surgical unit. 


Patients and methods 


Technique 

The Chiba needle? is a long (15-17 cm), thin, flexible, hollow, 
steel needle with a central stylet. Several needles are available 
and that used in the present study had an external diameter of 
approximately 0-7 mm. The examination is carried out under 
screening control in the radiology department, the position of 
the xiphisternum being marked with a small radio-opaque 
object. Intravenous diazepam (5-10 mg) was given to some 
patients. 

Under local anaesthesia, the needle is introduced through 
the seventh or eighth intercostal space in the mid-axillary line, 
and while the patient holds his breath in inspiration it is 
directed horizontally and medially towards the mark over the 
xiphisternum. Thereafter, the patient is allowed to breathe 
normally, although excessive respiratory movement should be 
discouraged as the flexible needle may be displaced from the 
smaller bile ducts by movement. After removing the central 
stylet a flexible polythene tube is attached so that radio-opaque 
contrast (Urografin 60) can be injected. Previous reports 
(Okuda et al., 1974; Redeker et al., 1975) stressed the impor- 
tance of removing 50-100 ml of bile by aspiration before 
injecting contrast medium into an obviously distended biliary 
tree. We have experienced difficulty in removing more than 
approximately 5 ml of bile, a difficulty that has been reported 
by other workers (Elias et al., 1976) and seems to be related 
directlv to the size of needle used (Jain et al., 1977). 

The contrast material is injected under fluoroscopic control 
while slowly withdrawing the needle. Outlining of a non- 
distended biliary tree is easier if the needle can be placed as 
close as possible to the porta hepatis where the ducts are larger. 
We have allowed up to six attempts altogether in each patient. 

Distended intrahepatic bile ducts are easily entered and 
identified as the contrast material flows towards the porta 
hepatis. Approximately 50-100 ml of contrast require to be 
injected thereafter to outline the biliary tree completely. The 
patient is placed in the left lateral or upright position to 
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delineate completely the lower biliary tree and ducts within the 
left lobe of the liver. Radiographs are taken for later study. 

Injection of contrast material into a blood vessel results in 
rapid clearance, and occasionally lymphatic vessels are also 
outlined which empty slowly. Parenchymal injection appears 
on the screen as an ill-defined rounded mass of contrast which 
is only slowly absorbed and which may remain throughout the 
procedure. 


Patients 

During the period of the study PTC was performed in 46 
patients (22 males, 24 females), aged 34—81 years. Of these, 28 
were icteric while 18 had no clinical evidence of jaundice at the 
time of examination, but had a clear history of biliary tract or 
pancreatic disease. Twenty-six of these patients (56 per cent) 
were referred to the University Department of Surgery at 
Glasgow Royal Infirmary because of complex biliary tract 
problems, and in these patients some initial investigations had 
already been performed. No patient was subjected to PTC unti 
the results of base-line investigations were available, including 
Australia antigen, routine liver function tests and a coagulation 
screen. Most of the anicteric patients had had previous biliary 
radiography which had failed to outline the biliary tract or to 
explain the patient's symptoms. Intravenous cholangiography 
was not attempted in patients with a bilirubin level greater 
than 70 umol/l. 

Jaundiced patients were given parenteral vitamin K, (10 mg 
daily) as a routine. In view of the known high incidence of 
infected bile in obstructive jaundice (Keighley et al., 1975), all 
patients were given antibiotic cover. With the exception of the 
first 5 patients, 120 mg of gentamicin were given intramuscu- 
larly 30 min before the procedure, followed by 80 mg 8-hourly 
for 24h thereafter. In the last 13 patients carbenicillin (1 g 
8-hourly) was added to this régime based on culture reports 
from our own hospital. Patients were kept in bed with regular 
monitoring of pulse, temperature and blood pressure for 24 h 
after PTC. 


Results 


Dilated bile ducts (Table I) 

PTC outlined the biliary tree in 100 per cent of 20 
patients with dilated bile ducts, resulting in a clear 
picture of the exact site and the probable nature of the 
obstruction (Fig. 1). Sixteen of these 20 patients were 
icteric, and in the remaining 4 intravenous cholangio- 
graphy had failed to produce diagnostic films. Three 
patients were shown to have carcinoma of the pancreas 
or biliary system which was advanced and was 
considered inoperable, and in one case the extent of 
ye lesion was confirmed by subsequent ERCP (Fig. 2). 
In the remaining 17 cases, the radiological diagnosis 
was confirmed at operation from 2 days to 4 months 
later. One patient, with a bilirubin level of 650 umol/l 
and established acute renal failure, was shown to have 
obstruction due to a stone at the lower end of the 
common bile duct. Drainage of the dilated intra- 
hepatic biliary tree was carried out using a per- 
cutaneous transhepatic tube for several days before 
laparotomy (Fig. 3). 


Non-dilated bile ducts (Table II) 

PTC outlined the biliary tree in 19 out of 26 patients 
(73 per cent) with non-dilated bile ducts (Fig. 4). 
Twelve patients in this group were jaundiced at the 
time of the examination, and PTC outlined the ducts 
in 8 of these. Of the 7 unsuccessful cases, ERCP was 
subsequently performed and confirmed the presence 
of a normal biliary ductal system in 3. In 1 patient, 
two attempts at PTC separated by 11 days failed to 
outline the biliary ductal system, and laparoscopy and 
eventual autopsy showed a picture compatible with 
sclerosing cholangitis with no evidence of extrahepatic 


Table I: DILATED BILE DUCTS AT PTC 


No. of No. No. 
Diagnosis patients jaundiced operated 
Choledocholithiasis 5 5 5* 
Benign stricture 3 2 3 
Chronic pancreatitis/ 2 0 2 
pseudocyst 
Carcinoma of gallbladder 4t 4 2 
or bile ducts 
Carcinoma of pancreas 5 5 
Carcinoma of ampulla i Ü i 
Total 20 16 17 


n A SEN EE SEENE EO EE 


* Percutaneous drainage carried out preoperatively in one 
case. 
t One death. 


Table Il: NON-DILATED BILE DUCTS AT PTC 


No. of No. No. 
Diagnosis patients jaundiced operated 
Normal biliary tree 7 2 It 
Choledocholithiasis 2 1 2 
Stones in gallbladder 2 2 2 
CBD clear 

Benign stricture 1 0 i 
Pancreatitis 3 i 1 
Primary biliary cirrhosis 2 2 0 
Sclerosing cholangitis l 0 0 
Polycystic disease of liver l 0 1 
Total 19 8 8 
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* Splenorenal shunt for congenital hepatic fibrosis with 
portal hypertension. 
CBD, Common bile duct. 


biliary obstruction. One 67-year-old female patient 
with advanced alcoholic liver disease and stage H 
carcinoma of the cervix had developed progressive 
jaundice, and hepatic malignancy was suspected. 
PTC failed to outline the biliary system and only 
rapidly flowing lymphatics were filled. Laparoscopy 
showed no evidence of biliary obstruction and biopsy 
confirmed an irregular macronodular cirrhosis. One 
patient in whom PTC failed to outline the biliary tree 
had a biliary fistula following cholecystostomy for a 
perforated gallbladder, and a non-dilated ductal 
system was confirmed at subsequent operation. In 
only 1 patient has the normality of the ductal system 
remained unconfirmed by independent objective 
means. Eight patients in the group without dilated 
ducts were subjected to definitive surgery from 1 day 
to 3 months after PTC. 


ERCP and PTC 

ERCP was performed in addition to PTC in 15 
patients in this series. In 10 of these ERCP had been 
performed before PTC, in several cases some timee 
before the commencement of the study. In 3 cases 
successful biliary radiology had been obtained by 
ERCP. In 1 patient, subsequently shown to have 
primary biliary cirrhosis, PTC was used to obtain 
better definition of a non-dilated intrahepatic ductal 
system. In the second patient a retained common bile 
duct stone demonstrated at ERCP was shown on PTC 


to have passed. In the third case, the nature of a lowers e 


common bile duct stricture shown at ERCP was 
unclear, and PTC confirmed a diagnosis of chronic 
pancreatitis. 

In 7 patients ERCP had failed to outline the bile 
ducts, although in most of these cases cannulation of 
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the papilla and pancreatography had been obtained. 
In 6 of the 7 cases PTC was used successfully to out- 
line the biliary tree. 

ERCP was successfully performed following PTC 
in 5 cases. In 3 of these PTC had failed to outline the 
biliary ductal system and ERCP subsequently 
showed that this was of normal calibre. In the fourth 
case PTC had outlined only the right intrahepatic 
ductal system, suggesting a stricture at the porta 
hepatis, and ERCP showed a long stricture of the 
common bile duct and common hepatic ducts with 
malignant cells demonstrated by cytological examina- 
tion of the aspirate. In this case ERCP defined the 
diagnosis fully and it was evident that the case was 
inoperable (Fig. 2). In the fifth case ERCP was used 
to define clearly the lower limit of a high neoplastic 
stricture shown on PTC. This patient subsequently 
underwent extended left hepatic lobectomy and tumour 
clearance was achieved. 

In only one case did the combination of PTC and 
ERCP fail to achieve a diagnosis—a patient with post- 
cholecystectomy pain due to costochondritis, which 
has responded to local treatment. 


Complications 

Transient right hypochondrial pain requiring 
moderate analgesia was common after PTC. In 
several patients a small collection of bile or blood was 
a b found over the dome of the liver at operation follow- 


Fig. 1. Percutaneous transhepatic cholangiogram in a ing PTC, but there was no continued haemorrhage or 
jaundiced patient showing the presence of gallstones. A bile leakage 

‘floating’stone is seen in the dilated common bile duct which 
alters its location in (a) the supine and (b) the erect position. 
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a b 
Fig. 2. a, PTC showing a dilated biliary ductal system in the right lobe of the liver with a stricture near the porta hepatis. 
b, ERCP reveals a normal pancreatic duct and lower common bile duct but an extensive biliary ductal stricture involving 
the common bile and common hepatic ducts and extending into the right and left hepatic ducts. Contrast medium from 
PTC 24 h previously is still visible in the right intrahepatic ductal system. Malignant cells were demonstrated cytologically 
and the diagnosis of an inoperable bile duct tumour was made. l 
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Fig. 3. a, PTC in a 62-year-old man referred in acute renal failure 17 days after admission with obstructive jaundice Dilated 
intrahepatic ducts are shown with a stone impacted at the lower end of the common bile duct. A catheter was introduced 
using the Seldinger technique and is seen in place in the common bile duct. b, During the period of catheter drainage the 
jaundice, pyrexia, hypoalbuminaemia and renal function improved, and the patient was fit for definitive surgery 2 weeks 


later (35 days after admission). 


There was one death in the series, that of an elderly, 
cachectic, jaundiced lady admitted as an emergency 
with cholangitis. PTC demonstrated an advanced, 
inoperable carcinoma of the gallbladder and the 
patient developed endotoxic shock with Escherichia 
coli septicaemia. This patient had not received prophy- 
lactic gentamicin therapy. 

A further patient, suffering from recurrent attacks 
of cholangitis secondary to a stenosed hepatico- 
jejunostomy, developed pyrexia and rigors associated 
weth an E. coli bacteraemia 4h after PTC. This 
episode settled on continued gentamicin therapy. 
Two further patients with biliary tract obstruction 
suffered an episode of pyrexia following PTC but 
blood culture was repeatedly negative and operative 
intervention was not necessary in either case. 


Discussion 

Fine-needle PTC has proved to be a relatively safe 
means of rapid, accurate investigation of jaundice in 
a surgical unit. In addition, we have found it useful 
in the non-jaundiced patient, especially following 
biliary surgery, when conventional cholangiography 
is frequently not diagnostic (Blumgart et al., 1977). 
We have also used the technique to demonstrate 
biliary anatomy with precision in cases of chronic 
pancreatitis, where incomplete intermittent biliary 
tract obstruction may frequently evade diagnosis. The 
Chiba needle has now been widely used (Elias et al., 
1976; Fraser et al., 1976; Hinde and Smith, 1976; Jain 
et al., 1977) and has largely superseded the sheathed 
needle technique, overcoming both the limitations on 
safety and the limited success rate of the older technique. 





Fig. 4. Normal biliary tree in a patient with primary biliary 
cirrhosis. 


We have found PTC to be of considerable diagnostic 
value. Malignant disease of the pancreas, bile ducts or 
liver was excluded in 6 of 15 patients in the series in 
whom such a diagnosis was considered: common bile 
duct stones were shown in 4, and chronic pancreatitis 
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Fig. 5. Protocol for diagnosis of suspected obstructive 
jaundice. 


and primary biliary cirrhosis in 1 case each. A referral 
diagnosis of cholelithiasis was similarly excluded in 7 
of 16 patients. In one of these cases an inoperable 
periampullary carcinoma was diagnosed on later 
endoscopy and bypass performed: the remaining 6 
cases were spared laparotomy. Of particular interest 
are 2 patients in whom residual common bile duct 
stones following cholecystectomy had been suspected 
from previous cholangiography. PTC showed a clear 
biliary tree in each case and both patients were spared 
surgery. 

In the present series we have recorded a success rate 
of 100 per cent for patients with dilated intrahepatic 
ducts and of 73 per cent for patients with non-dilated 
ducts. These figures are comparable to those reported 
by other workers. The high success rate of fine-needle 
PTC with non-dilated ducts is of particular interest in 
the investigation of suspected biliary tract obstruction. 
We have become increasingly aware of the diagnostic 
problem posed by lesions which may produce a 
chronic intermittent or incomplete obstruction 
accompanied by minimal biochemical changes with- 
out bile duct dilatation. Four patients in this series 
had such lesions, and stones or debris were demon- 
strated at PTC without concomitant ductal dilatation. 
Before the introduction of fine-needle PTC, the only 
reliable means of demonstrating such lesions was 
ERCP. 

ERCP has played a central role in our investigation 
of jaundice and of non-icteric biliary disease in recent 
years (Blumgart et al., 1974). In a recent consecutive 
series of 100 examinations by ERCP, there were 58 
patients with biliary tract obstruction, and the rate of 
diagnosis by endoscopy and ERCP in this group of 
patients was 90 per cent (Blumgart, 1978). Fifteen 
patients in the present series had both ERCP and 
PTC, and the overall diagnostic success rate for the 
two techniques was 98 per cent. This figure is com- 
parable to the results found in the randomized trial of 
PTC versus ERCP by Elias and his colleagues (1976). 
The two diagnostic procedures, however, are capable 
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of yielding different information and are not directly 
interchangeable. The use of balanced judgement in 
selection of the appropriate investigation is of more 
value than a comparison of their relative diagnostic 
success rates. Although expensive and time-consum- 
ing, we still consider ERCP to be the investigation of 
first choice in patients with post-cholecystectomy 
problems where endoscopic information may be 
important, especially in cases with previous biliary 
bypass surgery or sphincteroplasty (Blumgart et al., 
1977). It is also indicated in patients in whom upper 
gastrointestinal pathology is suspected and when 
there is a suspicion of pancreatic disease, since pan- 
creatography and cytology may also be valuable 
(Blumgart, 1978). In the investigation of most cases of 
suspected obstructive jaundice, however, PTC has 
become our investigation of first choice, and ERCP is 
reserved for these specific indications, for cases of 
failed PTC and where it is desired to confirm or 
extend the findings of PTC. 

In view of the known high incidence of infection in 
the obstructed biliary tract (Keighley et al., 1975), we 
feel that the use of prophylactic antibiotics is justified. 
We have shared the difficulty experienced by others in 
aspiration of bile after puncture of dilated intra- 
hepatic ducts. Several types of needle are in use with 
a variety of internal and external diameters, and it 
appears that the use of a slightly wider-bore needle 
may obviate this difficulty without incurring an 
increased complication rate (Jain et al., 1977). In view 
of these difficulties, culture of bile at PTC has rarely 
been possible, but improved techniques using lavage 
of the Chiba needle with bacteriological culture media 
are at present under assessment. 

The safety of fine-needle PTC has been confirmed 
in this series. The only death occurred in a moribund 
patient with established cholangitis who failed to 
receive adequate antibiotic therapy before PTC. £. coli 
septicaemia occurred after PTC in a patient with a 
stenosed hepaticojejunostomy who was suffering 
recurrent attacks of cholangitis, but this settled on 
continued gentamicin therapy and no operative 
intervention was required. Although known previous 
cholangitis might be considered a relative contra- 
indication to PTC, adequate preoperative diagnostic 
information could have been achieved in this case by 
no other technique. In no case was evidence of 
continued haemorrhage or of bile leakage at laparo- 
tomy after PTC found. 

It has been suggested that when an obstructed 
biliary tract has been demonstrated at PTC, even with 
the fine-needle technique, then laparotomy should be 
undertaken within a few hours (Elias, 1976; Murray- 
Lyon and Reynolds, 1976; Jain et al., 1977). The 
present and other studies (Fraser et al., 1976; Hinde 
and Smith, 1976) suggest that this approach is perhaps 
too cautious, and the present authors feel that while 
surgical facilities should be available in a centre 
where PTC is performed, urgent laparotomy should 
very rarely be required following the procedure. 

Grey scale ultrasound of the liver has been 
performed in a number of cases in this series, and there 
has been agreement between ultrasound and PTC in 
the diagnosis of bile duct dilatation in more than 90 
per cent of cases (McKay et al., 1977). It may be that 
in the future, ultrasound will prove a useful non- 
invasive screening test to select patients for PTC or 
for liver biopsy. 
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Based on this experience with fine-needle PTC, we 
have formulated a programmed approach to the 
investigation of the patient with suspected obstructive 
jaundice, aimed at rapid, accurate preoperative 
diagnosis in cases of extrahepatic cholestasis. This 
approach is summarized in Fig. 5, 


Investigation of suspected obstructive jaundice 

If results are not already available, tests for Australia 
antigen, liver function and routine haematology are 
obtained immediately on admission and a coagula- 
tion screen performed as an emergency. PTC is then 
arranged, usually for the following day, and in the 
meantime the patient is commenced on parenteral 
vitamin K, or other specific measures undertaken to 
correct coagulation defects. If a clear surgical diag- 
nosis is obtained at PTC, the degree of urgency is con- 
sidered and an appropriate surgical procedure planned. 
In complex surgical biliary tract problems we utilize 
the interval between PTC and surgery for further pre- 
operative investigation. Selective angiography, spleno- 
portography or ERCP may be undertaken in order to 
extend or clarify the surgical diagnosis, or to assess 
operability and to plan an operative approach. If 
after PTC the diagnosis remains in doubt or is 
incomplete, as for example where PTC has demon- 
strated the upper limit of a bile duct stricture, or 
where pancreatic or upper gastrointestinal pathology 
is suspected, then ERCP may be undertaken in 
addition (Fig. 2). 

In cases of gross biliary tract obstruction with 
deepening jaundice, hepatic failure or incipient renal 
failure, percutaneous drainage of the obstructed 
biliary tract may be instituted at the time of PTC 
(Molnar and Stockum, 1974). This procedure was 
undertaken in one patient in the present series and 
this allowed effective decompression of the obstructed 
biliary tract and time for adequate resuscitation 
before surgery (Fig. 3). 

If a non-dilated biliary tree without evidence of 
surgical disease is found, or if PTC fails, the patient is 
returned to the ward and liver biopsy undertaken. It 
has been suggested that percutaneous liver biopsy is 
acceptably safe even in the presence of biliary tract 
obstruction (Morris et al., 1975). We feel this to be a 
hazardous procedure, however, and have been forced 
to undertake emergency laparotomy for biliary peri- 
tonitis on patients with biliary obstruction following 
liver biopsy. We have had no incidence of complica- 
tion from liver biopsy following PTC in the present 
series, and will not now perform such a biopsy without 
the benefit of prior radiological evidence of a non- 
dilated biliary tract. 

At the time of liver biopsy, blood is withdrawn and 
sent for standard serological tests, and very often the 
patient may be returned to the care of the referring 
physician at this stage. By delaying these tests we have 
avoided delay in diagnosis of surgical pathology and 
have also reduced almost by half the number of tests 
ordered. Positive findings from serological tests at an 
earlier stage may, in addition, be misleading, as we 
have found biliary tract obstruction in several patients 
with primary biliary cirrhosis or active chronic 
hepatitis. 

It must be emphasized that the above programme 
for the diagnosis of jaundice is one which we have 
found safe, accurate and expeditious in a surgical 
unit, and that this approach may not be appropriate 
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to a medical unit dealing with a larger percentage of 
cases of hepatocellular jaundice. This approach has, 
however, allowed rapid diagnosis in cases with 
biliary tract obstruction, and readiness for surgery, 
where appropriate, can often be achieved within 48 h 
of referral by the use of such a scheme. This early use 
of fine-needle PTC has proved safe and has virtually 
eliminated the situation where obstructive jaundice 
has remained undiagnosed or incompletely diagnosed 
during a prolonged series of investigations. 
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Side-to-side choledochoduodenostomy in 
the management of choledocholithiasis 


A. ENGIN, M. HABERAL AND Y. SANAC* 


SUMMARY 

Sixty patients with choledocholithiasis (either single or 
multiple stones of the biliary tree) were treated with 
lateral choledochoduodenostomy. Of these cases 83-3 
per cent were followed up for from 1 to 7 years. Only 1 
patient developed cholangitis, which responded well to 
conservative treatment. The other cases have been 
asymptomatic following surgery. The diameter of the 
common bile duct is not an important problem in 
constructing a functional anastomosis. 


CERTAIN benign disorders related to the biliary tract, 
such as choledocholithiasis, are responsible for much 
serious morbidity and mortality. One of the major 
problems of biliary surgery is the removal of stones 
within the common bile duct. Despite most careful 
surgical exploration (Smith et al., 1957; Jolly et al., 
1968) and operative cholangiography, the rate of 
retained or reformed common duct stones may be 
high in the postoperative period (Johnson et al., 1954; 
Jones et al., 1963; Jolly et al., 1968). There are many 
approaches which can be selected to solve this problem, 
the most uséful of which is lateral choledochoduo- 
denostomy. 

The objective of this paper is to demonstrate by 
clinical data that lateral choledochoduodenostomy is 
the operation of choice after removal of common duct 
stones in the definitive treatment of choledocholi- 
thiasis. 


Patients and methods 

The series was compiled from the hospital records of 60 patients 
who had had one or more gallstones of the common bile duct. 
All these patients were treated by lateral choledochoduodenos- 
tomy in a 15-year period from 1960 to 1975 at the Department 
of Surgery in the University of Hacettepe Medical Centre. 

There were 60 patients who underwent operation because of 
gallstones in the common bile duct. The youngest patient was 
2@ years old and the oldest was 77, with the average age being 
50 (Fig. 1). The sex ratio was 1-8 : 1 females to males. The most 
common presentation was right upper quadrant pain with 
nausea and vomiting, occurring in 23 patients (38-3 per cent); 
in 19 cases (31-7 per cent) the presenting complaint was 
jaundice; 16 patients (26-7 per cent) had had an intermittent 
attack of cholangitis with jaundice; 2 patients (3-3 per cent) 
presented with an external biliary fistula after cholecystectomy 
and common bile duct exploration. 

In 38 cases (63-3 per cent) lateral choledochoduodenostomy 
with cholecystectomy was carried out as the primary operation. 
The remaining 22 patients (36:6 per cent) had had a previous 
cholecystectomy or common bile duct exploration in another 
institution. In these cases choledochoduodenostomy was the 
second, third and fourth operation on the common bile duct in 
16, 5 and 1 cases respectively. 

In 29 cases exploration revealed that the diameter of the 
common duct was less than 2 cm, while in 31 cases it was 
larger than 2 cm (Fig. 2). In 50 patients a single layer of sutures 
was used for the anastomosis; in the remaining 10 patients two 
layers of sutures were preferred. However, all the anastomoses 
were of adequate size. 

In our series of 60 cases, the early postoperative complica- 
tion rate was 13-3 per cent.—7 had wound infections and | 
patient developed cholangitis on the second postoperative day 


which responded well to conservative treatment. Barium meal 
studies done later demonstrated an adequate stoma in this case. 

There were 3 deaths in the immediate postoperative period ; 
2 had cardiorespiratory failure and 1 had dehiscence of the 


anastomosis and developed massive haemorrhage. This patient. 


was subjected to emergency re-exploration and the stoma was 
re-established. The patient died 48h later, however, from 
cardiopulmonary failure. 





ME oe 
EI Hains 
= p 
E ECT 
a. rae 
u- EUN 
o ar 
£ Phi 
Es js 
z ds 
SF 
0 aba 
60-69 70-79 





30 











CRX ON OK 
vo d e 9 9 
o> eStat 

v. 

i? 

+. 


X 






Number of patients 


i-2 . 
Diameter of common bile duct (cm) 
Fig. 2. Diameter of the common bile duct in the 60 patients, 


Results 

Ten patients could not be traced. The remaining 47 
patients were followed up for from 1 to 7 years, 
approximately 80 per cent of whom were followed up 
for over 3 years. Three of the 47 cases complained of 


dull right upper quadrant pain following the operation.» œ 


These patients had been followed up for 2-4 years and 
were considered to be uncomplicated subjects at the 
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end of this observation period. The other cases have 
been asymptomatic following surgery and none 
required any dietary restrictions. 


Discussion 

The presence of the great majority of common bile 
duct stones is demonstrated either by preoperative 
cholangiography or by surgical exploration of the 
common duct, including operative cholangiography. 
Nevertheless, none of these methods is accurate in 
every case, When both methods are used, stones are 
demonstrated in only 88 per cent of cases (Wall and 
Peartree, 1957; Hight et al., 1959; Jones et al., 1963). 
Stones in the hepatic ducts or in the upper parts of the 
biliary tree are frequently missed at exploration (White 
et al., 1972). The incidence of retained stones after 
removal of single or multiple biliary stones is about 
9-3-11 per cent (Gleen, 1952; Longmire, 1963). One- 
third of the retained stones have been subsequently 
demonstrated to be in the hepatic radicles (Wall and 
Peartree, 1957). Very occasionally, such stones, which 
are technically impossible to remove, later migrate to 
the lower end of the common duct and produce 
obstruction (Best, 1944; Jones et al., 1963). Further- 
more, some of the residual bile duct stones may form 
from retained mud and sludge in the ductal system 
(Cole and Pisillo, 1966). In such patients the best 
prophylactic procedure seems to be lateral chole- 
dochoduodenostomy. The stoma should be of 
sufficient diameter to allow large stones which may 
descend from the upper biliary tract to traverse the 
anastomosis. In spite of the fact that in 48:3 per cent 
of our patients the common duct diameter was less 
than 2 cm (Fig. 2), there was no technical problem in 
performing the anastomosis. An important objection 
to latera! choledochoduodenostomy is the risk of 
ascending cholangitis (Barner, 1966). This complica- 
tion is believed to result from obstruction of the 
anastomosis and not from regurgitation of the 
duodenal contents into the biliary tree (Barner, 1966; 
Madden et al, 1970). Postoperative barium meal 
studies were carried out in 20 patients, when reflux of 
barium into the biliary tract was demonstrated. 
Except for 1 patient, however, there was no other 
instance of cholangitis. The other frequently stated 
objection to lateral choledochoduodenostomy is the 


possible formation of a blind pouch distally in the 
duct (Madden et al., 1970). However, none of our 
patients had any complication related to this problem. 
We must emphasize that in most of our cases the distal 
end of the common bile duct was patent, although 
fibrosed and narrowed. 

In conclusion, lateral choledochoduodenostomy, in 
addition to the removal of stones, should be used in 
the prevention and treatment of stones in the biliary 
ductal system. 
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Gallstone disease presenting as septicaemic shock 
R. G. FABER, S. Z. IBRAHIM, D. M. THOMAS, G. P. J. BEYNON 


AND L. P. LE QUESNE* 


SUMMARY 

Three patients are described who were admitted to 
hospital with septicaemic shock due to gallstones, but 
in none of whom had the presence of gallstones been 
diagnosed previously. All 3 had positive blood cultures, 
Clostridium welchii being isolated in one patient (in 
another patient this organism was isolated from the 
bile). Two patients had renal failure requiring dialysis. 
All 3 patients survived. The management of this 
serious presentation of gallstones, hitherto poorly 
described in British literature, is discussed. 


THE association between gallstones and biliary tract 
infection has been recognized for many years (Rogers, 
1903). In a bacteriological study of 50 consecutive 
cholecystectomy specimens nearly 50 years ago, 
organisms were cultured from the fluid contents of the 
gallbladder in 34 cases and from the wall of the gall- 
bladder in 36 cases (Gordon-Taylor and Whitby, 
1930). More recently, septic complications, including 
septicaemia, developing after removal of stones from 
the common bile duct have become well recognized 
(Thomas et al., 1971) and it is now appreciated that 
the bile is infected in about 75 per cent of patients 
with stones in the common duct (Scott, 1971). How- 
ever, it is not so clearly recognized that gallstone 
disease may present as septicaemic shock in patients 
not previously diagnosed as having gallstones. Three 
examples of this serious complication of gallstones are 
presented here. 


Case reports 

Case 1: Mr. B. L., aged 62, was admitted to the medical wards 
as an emergency on | March 1976 complaining of upper 
abdominal pain, nausea, vomiting and jaundice. His illness had 
started 5 days previously with moderate upper abdominal pain 
which was intermittent in nature, but with a constant ache. 
Two days later his urine had become dark and he had developed 
jgundice. About 2 weeks before the onset of his iliness he had 
fad a transient episode of severe upper abdominal pain. 
Diabetes had been diagnosed in 1961 and remained well con- 
trolled with phenformin. In 1971 he underwent transurethral 
resection of the prostate, which was followed by an episode 
of deep venous thrombosis and a pulmonary embolus. In 1973 
he suffered a myocardial infarct followed by a further pul- 
monary embolus. 

On examination he was grossly obese, extremely drowsy and 
deeply jaundiced. His temperature was 38-2 °C, pulse 120/min, 
respiratory rate 27/min and blood pressure 120/80 mmHg, and 
there was tenderness in the right hypochondrium. Full haemato- 
logical and biochemical (Vickers’s profile) blood screening 
investigations were performed, and the following results were 
of note: haemoglobin 14-7 g/dl; WBC 21x 10*/l; bilirubin 
212 umol/1; alkaline phosphatase 195 i.u./1; aspartate amino- 
transferase (AST) 150 i.u./l; urea 6:6 mmol/l; blood sugar 
8-0 mmol/l: arterial Po, 46 mmHg; Pco, 27 mmHg: pH 7-74. 
A provisional diagnosis of obstructive jaundice due to gall- 
stones with ascending cholangitis was made, and blood 
cultures were taken. Septrin was started and to combat 
incipient hepatic failure he was given neomycin by mouth, put 
on a high carbohydrate oral intake containing no protein and 
was given intravenous fluids. Over the next 24 h, despite a 
fluid intake of 5 I, he only passed 250 ml of urine, and his blood 
urea rose to 27-7 mmol/l. 


The patient was transferred to the intensive therapy unit 
and was seen in consultation by the surgical and gastroentero- 
logical teams. At this time the diagnosis was still thought to be 
ascending cholangitis secondary to obstructive jaundice, and 
the advisability of early operation was discussed; it was 
considered that he was too ill for operation (see below) and 
conservative treatment was continued. Over the next 12 h he 
received a further 51 of intravenous crystaloid solution and 
intravenous frusemide, but his urine output remained low and 
his blood urea rose to 40 mmol/l; peritoneal dialysis was there- 
fore started. At this time his bilirubin was 500 pmol/l, alkaline 
phosphatase 324 i.u./l, AST 35 i.u./] and albumin 25 g/l. The 
initial blood culture was reported as growing Klebsiella spp. 
and Escherichia coli and so gentamicin was started. 

Dialysis was continued for 8 days, during which time his 
urine output slowly improved and his blood urea fell to 
12 mmol/l. However, he remained mentally confused and 
uncommunicative and developed an hepatic ‘flap’; his bilirubin 
was 423 umol/l, alkaline phosphatase 250 iu. and AST 
37 iu. In view of this and his failure to improve, the possi- 
bility that his condition was due not to ascending chloecystitis 
but rather to an acute fulminating hepatitis was considered. In 
order to resolve this problem, endoscopic retrograde cholangio- 
graphy (ERCP) was performed on 10 March. A large filling 
defect in the common bile duct with a dilated biliary tree 
proximal to the obstruction was demonstrated (Fig. 1). Opera- 
tion was performed the same day through Kocher's incision. 
A large stone was found lving partly in the gallbladder and 
partly in the common bile duct, having ulcerated through from 
Hartmann's pouch into the latter (Fig. 2). This calculus was 
removed and a T tube was placed in the common bile duct 
through this fistula. The bile was purulent and on culture grew 
Klebsiella spp. The deep layers of the wound were closed leaving 
open the skin and subcutaneous tissue. 

Following operation the patient's clinical condition improved 
dramatically, and over the next 2 weeks renal and hepatic 
function slowly returned to normal. However, on 26 and 31 
March he passed two melaena stools which necessitated an 
il-unit blood transfusion. Upper gastrointestinal endoscopy 
was performed on 31 March and a large superficial duodenal 
ulcer, containing fresh blood clot, was seen. Cimetidine (200 mg 
t.i.d. and 400 mg nocte) was administered orally and no further 
bleeding occurred. By 8 April he was well with normal liver 
function tests. The wound had healed satisfactorily, but blood 
urea remained 11 mmol/l. T tube cholangiography showed no 
calculi in the common bile duct so the T tube was removed and 
the fistulous tract healed promptly. The patient left hospital 
on 10 April and thereafter made a steady recovery. By 26 April 
his blood urea was normal, but the creatinine clearance was 
only 46 ml/min. Gastroduodenoscopy was repeated twice over 
the next 2 months and on the second occasion the duodenal 
ulcer was seen to have healed and the cimetidine was stopped. 
On review in June 1977, he reported a recurrence of epigastric* 
pain. Further endoscopy revealed that the duodenal ulcer had 
recurred, but renewed treatment with cimetidine gave relief of 
symptoms. 


Case 2: Mrs S. B., aged 81, was admitted to the medícal wards 
as an emergency on 11 August 1976 with a history of nausea, 
epigastric pain and feeling generally unwell for 24 h. She had 
had two loose bowel actions before admission. On examination 


she was mildly jaundiced, her temperature was 38-5 ^C, pulse, . * 


90/min, respiratory rate 21/min and blood pressure 180/90 
mmHg. There was tenderness, but no guarding, in the epi- 
gastrium and right hypochondrium. 


* Department of Surgical Studies, The Middlesex Hospital and 
Medical School, London. : 
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Fig. 1. Case 1. Endoscopic retrograde cholangiography. The 
common hepatic duct is grossly dilated by a single calculus. 
A faint outline of the collapsed common bile duct, distal to 
the stone .can be seen. 


V 


CHD 





CBD 


Fig. 2. Case 1. Findings at operation. Obstruction of the 
common hepatic duct by a solitary stone, which had eroded 
through Hartmann's pouch. CHD Common hepatic duct; 
CBD, common bile duct. 


Full haematological and biochemical screening was 
performed and the following investigations noted: haemo- 
globin 11:2 g/dl; WBC 143-x10*/l; bilirubin 78 umol/l; 
alkaline phosphatase 132 i.u./1; AST 63 i.u./1; urea 5:2 mmol/l; 
exchangeable glucose 6-2 mmol/l. A diagnosis of probable 
gallstones causing obstructive jaundice was made. A blood 
culture was taken and a course of ampicillin started. 

The next day she had a rigor, her temperature rose to 40 ^C, 
pulse to 150/min and her blood pressure fell to 80/50 mmHg. 
Another blood culture was taken, she was treated with intra- 
venous fluids and oxygen, and gentamicin was added to the 
ampicillin; her condition rapidly improved over the next few 
hours. The first blood culture grew Klebsiella spp. and 
Escherichia coli, both resistant to ampicillin but sensitive to 
gentamicin, while the second blood culture grew Klebsiella spp. 
only. Over the next few days serum bilirubin, alkaline phospha- 
tase and AST all returned to normal values. A double-dose oral 
cholecystogram was performed on 24 August and no opacifica- 
tion of the gallbladder was seen, but a dilated and partially 
obstructed common bile duct was outlined. 

The patient was seen in consultation by the surgical team on 
4 September and laparotomy was perfomed on 6 September via 
a Kocher's incision. A very small fibrosed gallbladder full of 
stones was found and further calculi were palpated in the 
common bile duct; the latter were confirmed on operative 
cholangiography. Cholecystectomy and exploration of the bile 
duct were performed and the common bile duct was cleared of 
stones and biliary sludge; the choledochotomy incision was 
converted into a choledochoduodenostomy without T tube 
drainage. The wound was closed, leaving open the skin and 
subcutaneous tissue. Bile from the common bile duct was 
cultured and grew E. coli, Streptococcus faecalis and Clos- 
tridium welchii. 

The postoperative course was complicated first by right 
lower lobe pneumonia and secondly by a leak from the 
choledochoduodenal anastomosis. The former responded to 
physiotherapy, ampicillin and flucloxacillin and the latter to 
wound drainage and intravenous feeding. Following this she 
made a slow, but uneventful recovery. The open wound was 
treated with daily dressings and healed by second intention with 
minimal inflammation. On outpatient review after 3 months 
she was well with normal biochemical blood values and a hair- 
line abdominal scar. 


Case 3: Mrs J. C., aged 64, was admitted as an emergency on 
7 August 1976 directly from the casualty department to the 
intensive therapy unit under the care of the physicians. She was 
extremely ill and unable to give a history of her condition. On 
examination she was grossly obese, drowsy and incoherent, 
not jaundiced but centrally cyanosed; her temperature was 
40 °C, pulse 140/min, blood pressure 170/90 mmHg and 
respiratory rate 35/min. There were coarse crepitations at t 
right base of the chest and the abdomen was generally soft wit 
definite right upper quadrant tenderness. A history was later 
obtained from a relative. The patient had developed right-sided 
abdominal pain 5 days previously and had vomited on several 
occasions. Twenty-four hours before admission she had become 
confused and disorientated. In the past she had had recurrent 
attacks of right hypochondrial pain which she attributed to 
gallstones, but for which she had never attended hospital. In 
1973 she had been admitted to the Middlesex Hospital with 
bronchopneumonia. 

Full haematological and biochemical screening were 
performed and the following investigations noted: haemoglobin 
13-1 g/dl; WBC £62*x10?/l; bilirubin 34 umol/l; alkaline 
phosphatase 53 i.u./l; urea 8:8 mmol/l; amylase 160 units/l; 
exchangeable glucose 4-5 mmol/l; arterial Po, 42 mmHg; 
Pco, 29 mmHg; pH 7:52. 

A diagnosis of septicaemia secondary to right lower lobe 
pneumonia or empyema of the gallbladder was made. A blood 
culture was taken and she was initially treated with intravenous 
fluids, oxygen and broad spectrum antibiotic cover, consisting 
of penicillin, ampicillin and gentamicin. Despite this treat- 
ment her condition further deteriorated, she developed hypo- 
tension and anuria and there was no change in the arterial gas 
figures. Her WBC rose to 20 x 10°/l and alkaline phosphatase to 
153 i.u./l, but serum amlyase remained normal (200 units/l). 


Twelve hours after admission an endotracheal tube was 
passed and positive pressure ventilation started. The next day 
she was seen in consultation by the surgical team and septi- 
caemia secondary to empyema of the gallbladder was con- 
sidered the most likely diagnosis; however, she was considered 
to be too ill to withstand laparotomy (see below) and con- 
servative management was continued. Over the next 3 days, 
despite an apparently adequate fluid intake, her urine output 
remained sparse and her blood urea rose to 31-5 mmol/l and 
creatinine clearance fell to 5 ml/min; peritoneal dialysis was 
started. The initial blood cultures grew Clostridium welchii and 
Escherichia coli, both sensitive to gentamicin, which was 
continued and the ampicillin stopped. 

The patient responded slowly but well to this treatment and 
after 2 weeks was transferred from the intensive therapy unit 
to the main ward: however, within 12h she had another 
episode of septicaemic shock. On this occasion she responded 
rapidly to intravenous fluid replacement and the reintroduction 
of antibiotics; E. coli was again grown from repeat blood 
culture, but no C. welchii on this occasion. 

Operation was performed on 31 August through a transverse 
subcostal incision. An empyema of the gallbladder was found, 
but an operative cholangiogram showed a normal biliary tree 
with no calculi in the common bile duct and rapid flow into 
the duodenum. The pancreas was apparently normal with no 
evidence of previous acute or chronic inflammation. Chole- 
cystectomy was performed and the deep layers of the wound 
were closed leaving open the skin and subcutaneous tissue. 
Culture of the pus from the gallbladder grew E. coli, Proteus 
spp. and Bacteroides spp. 

Postoperatively, despite mechanical ventilation for the first 
24 h, she developed bilateral lower lobe collapse and a urinary 
tract infection; both responded well to treatment. By the time 
of discharge her blood urea was 2-8 mmol/l and creatinine 
clearance 60 ml/min. The open wound was treated with daily 
dressings and healed by second intention. At the latest out- 
patient review 9 months after the operation, she was well with 
normal biochemical blood values and a hairline abdominal 
scar. 


Discussion 

The first description of patients with gallstones 
presenting with rigors and jaundice appeared in the 
British Medical Journal more than 70 years ago 
(Rogers, 1903). The syndrome of acute obstructive 
suppurative cholangitis, characterized by a diagnostic 
pentad of abdominal pain, fever, jaundice, mental 
confusion and shock, was first clearly described by 
Reynolds and Dargan (1958), who emphasized that 
the aetiological factor is infected bile under pressure. 
The condition occurs mainly in the elderly and has a 
mortality of over 60 per cent (Dow and Lindenauer, 
1969). Despite this syndrome being well described in 
American publications, apart from a discussion at the 
Royal Society of Medicine (Williams and Dawson, 
1969), a Medlars offline computer search has failed to 
find another reference in the British literature. 

The present communication has been prompted by 
the admission, during a 6-month period, of 3 patients 
presenting with septicaemia secondary to previously 
undiagnosed gallstones; their case histories illustrate 
well the main difficulties in the diagnosis and treatment 
of this difficult condition. All 3 patients presented the 
diagnostic pentad, with variants, of acute obstructive 
suppurative cholangitis: abdominal pain was present 
in two and the third comatose patient had guarding 
in the right upper quadrant of the abdomen; all had a 
fever; all had mental confusion—one being admitted 
in coma and another lapsing into coma; all developed 
hypotensive shock; 1 patient was jaundiced on 
admission and the other 2 developed jaundice shortly 
afterwards. Two of the patients developed acute renal 
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failure, a well-recognized and serious complication of 
this condition (Bismuth et al., 1975). 

There are two points of difference between the 3 
patients reported in this paper and those of the 
American series. First, the one common factor that 
stands out in the histories of these patients is that in 
none of them had a diagnosis of cholelithiasis been 
made before their admission to hospital. Furthermore, 
and in retrospect, only 1 of the 3 patients admitted to 
previous episodes of abdominal pain before the onset 
of the presenting illness. This is in contrast to 
American reports in which the majority of patients 
had had previous biliary disease or previous biliary 
surgery (Dow and Lindenauer, 1969; Hinchey and 
Couper, 1969; Saharia and Cameron, 1976). Secondly, 
only 2 of our patients had calculi in the common bile 
duct, while the third patient had a narrow common 
duct, demonstrably free of calculi on operative chol- 
angiogram, but an obstructed cystic duct. All the 
American papers on this subject (Reynolds and 
Dargan, 1958; Glen and Moody, 1961; Dow and 
Lindenauer, 1969; Hinchey and Couper, 1969; 
Saharia and Cameron, 1976) emphasize that the 
clinical picture of abdominal pain, fever, jaundice, 
mental confusion and shock is produced by complete 
obstruction of the common bile duct by calculi, stric- 
tures or carcinoma in the presence of severe infection, 
resulting in acute suppurative cholangitis; our patient, 
however, illustrates the fact that an indistinguishable 
condition can be caused by obstruction to the cystic 
duct. 

Organisms were cultured from the blood and the 
bile of all our patients. In Cases 1 and 3, 2 organisms 
were found in the blood, while only 1 organism was 
found in Case 2. On the other hand, only 1 organism 
was cultured from the bile of both Case 2 and Case 3. 
This discrepancy is hardly surprising, as on the one 
hand only the virulent organisms will be expected to 
pass from the biliary tract into the blood, and on the 
other hand antibiotics had been given to all patients 
after culturing the blood but before culturing the bile. 
Of particular interest was the recovery of Clostridium 
welchii from the blood of one patient and the bile of 
another. Despite Gordon-Taylor and Whitby (1930, 
1932) finding C. welchii in 16 out of the 100 gall- 
bladders that they studied, reports of biliary tract 
infection with this organism are extremely rare. 
Pyrtek and Bartus (1962), Bennett and Healey (1963), 
Dow and Lindenauer (1969) and Clancy and O'Brian 
(1975) each report a single case of C. welchii 
septicaemia secondary to biliary tract infection; 2 of 
these 4 patients died before operation. This organism 
can also rarely cause infective complications after 
biliary tract surgery; Pyrtek and Bartus (1962) 
described 2 fatal cases of septicaemia, while Elliott- 
Smith and Ellis (1957) reported a patient who 
developed gas gangrene after cholecystectomy and 
survived. 

The management of patients with acute obstructive 
suppurative cholangitis gives rise to considerable 
difficulties. Of prime importance is the establishment 
of the diagnosis, which is that much more difficult if 


there is no history of previous biliary disease, as wase e 


the case in the patients reported here. Glen and 
Moody (1961) emphasized that the condition must be 
suspected when any combination of the diagnostic 
pentad was present and that often one or other of the 
signs or symptoms did not develop until late in the 


* 
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progress of the disease. They particularly emphasized 
first, that severe jaundice is often absent, as was 
initially the situation in our Cases 2 and 3, and 
secondly, that there may be considerable difficulty in 
differentiating the condition from severe acute 
hepatitis. This was certainly the problem in Case 1, 
and it was only finally resolved by ERCP, With the 
increasing availability of this examination and grey 
scale ultrasound, it is now possible to determine, 
with a high degree of accuracy and with minimum 
disturbance to the patient, whether or not the duct is 
obstructed. These techniques may well prove to be of 
great value in differentiating between acute hepatic 
necrosis and acute obstructive suppurative cholangitis, 
and could with advantage have been used at an early 
stage in our patients. 

Once the diagnosis has been established, the 
emphasis in the management of these patients has 
recently slightly changed. In 1958 Reynolds and 
Dargan stated that the presence of fever, jaundice and 
right upper quadrant pain is an indication for urgent 
operation, and that operation becomes mandatory if 
either mental confusion or shock supersede. The only 
one of their patients treated conservatively died, while 
3 out of 4 patients having urgent operation survived. 
Hinchey and Couper (1969) operated on 6 out of 8 
patients in shock who failed to respond to emergency 
resuscitation and 4 of these 6 survived; 2 patients in 
whom conservative measures were continued died 
before being considered fit for operation. On the other 
hand, of their 11 patients who improved with 
emergency resuscitation, only 3 remained well 
enough to await planned operation, while 8 again 
deteriorated and required emergency surgery from 
which 4 died. 

However, in the reports by the authors mentioned 
above, neither the risk of the jaundiced patient 
developing renal failure, nor the treatment of the 
patient with established renal failure, was considered. 
Williams and Dawson (1969) recommended that, in 
order to prevent acute renal failure, it was first 
necessary to maintain an adequate circulating volume 
and high flow of dilute urine with adequate trans- 
fusion and diuretics, and also to give massive doses of 
antibiotics. Emergency operation could then be under- 
taken if there was no improvement in the patient's 
condition over the next 24-36 h. Bismuth et al. (1975) 
reported on 3 patients with acute renal failure 
complicating acute suppurative cholangitis who were 
operated upon as an emergency; all 3 died. In the 
light of this experience they managed their next 15 
patients first by treating the shock by resuscitation and 
antibiotics, secondly by performing dialysis and finally 
by operating when the patient's general condition was, 
sat least to some extent, stabilized; 12 of 15 patients so 
managed survived. 

There is no doubt that the essential step in the 
management of these patients is drainage of the 
common duct; the rapid improvement shown by Case 
1 after operation in the presence of renal and hepatic 
failure emphasizes this point. The case histories 
reported illustrate the difficulties in making the 


* « decision to operate in a desperately ill patient, and in 


retrospect this decision was unduly delayed in our 
patients. 

Based upon our own and reported experience with 
this condition, our present conclusion is that, once the 
diagnosis of acute suppurative cholangitis has been 


* 


made, the immediate treatment should be to institute 
resuscitative treatment based on restoration of the 
circulatory state by adequate, prompt administration 
of intravenous fluids and of the appropriate anti- 
biotics: as an adjunct to the latter, prompt blood 
culture is essential. If there is no response to this 
treatment, urgent drainage of the biliary tree is 
indicated as the only hope of saving life. If the 
condition is further complicated by renal failure, 
dialysis should be performed to control the failure 
before operation is undertaken, but this should not be 
unduly delayed. Similarly, if the patient responds well 
to the initial resuscitative treatment, surgical relief of 
the obstruction should follow promptly. The dangers 
of delay are well illustrated by Case 3, who developed 
a second attack of septicaemia. 

Hitherto, the only method of obtaining drainage of 
the biliary tract has been by open operation, a 
procedure which carries a considerable mortality in 
this condition. However there are now two alternative 
methods for decompressing the biliary tree. First, the 
successful use of percutaneous transhepatic cholangial 
drainage in the emergency management of patients 
with ascending suppurative cholangitis has already 
been reported (Takada et al., 1974, 1976). Secondly, 
endoscopic sphincterotomy (Cotton et al., 1976) may 
also be of value when obstruction is due to impacted 
stones at the lower end of the common bile duct. Both 
these procedures have obvious attractions in these 
seriously ill patients and should carry a lower 
mortality than emergency operation. 

One final point of interest in the management of 
these cases is that in none of our patients was the skin 
or subcutaneous tissue sutured at operation because 
of the very high risk of wound infection. All wounds 
healed by second intention, without septic complica- 
tions, resulting in very satisfactory scars. 
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Rupture of a hydatid cyst of the liver into the biliary tract 


RAJA MUSTAFA AND HAZIM HAMEED SALIH* 


SUMMARY 

The history of a patient with intrabiliary rupture of a 
hydatid cyst of the liver is reported. The patient 
presented with a distended palpable gallbladder, which 
is a most unusual feature of this condition. 


Case report 

A 45-year-old female was admitted to hospital on 13 November 
1975 complaining of right upper abdominal pain and rigors of 
7 days’ duration: her urine had been slightly dark in colour 
for the last 4 days. She gave a history that 2 years previously 
she had had a similar attack of pain, lasting for 4 days but not 
accompanied by jaundice. 

On examination there was slight jaundice, a temperature 
of 37-5 °C and regular three fingers’ enlargement of the liver. 
The gallbladder was palpably enlarged and slightly tender. 
Subsequently the pain and jaundice increased and rigidity 
developed. A diagnosis of obstructive acute cholecystitis with 
simultaneous calculous jaundice was made and on 18 December 
1975 she was operated on urgently. The abdomen was opened 
through a right subcostal incision. The gallbladder was found 
to be hugely distended but not inflamed; on its right side on the 
under surface of the liver a whitish mass of uneven surface 
with adhesions was seen. For a while this was thought to be a 
metastatic tumour but no primary could befound. The common 
bile duct was greatly dilated. 

To provide space in the operative field the gallbladder was 
evacuated; while aspirating it two small floating daughter cysts 
were seen and the diagnosis was then clear. The mass in the 
liver, which was a hydatid cyst, was cleared of its numerous 
daughter cysts and infected  bile-stained contents. The 
condition of the patient did not allow further exploration so 
both the gallbladder and the cyst were drained externally and 
the abdomen was closed. 

Attempted cholangiography through the cholecystostomy 
tube failed. At a second operation on 31 December 1975 
cholecystectomy was done, and peroperative cholangiography 
showed a filling defect in the distal common duct. Exploration 
of the duct showed that this was caused by the membrane of a 
collapsed daughter cyst. This was removed and a T tube was 
inserted in the common duct; a repeat cholangiogram showed 
no filling defect. 

On the fourteenth postoperative day a T tube cholangio- 
gram showed no obstruction and the T tube was removed. 
Convalescence was uneventful, and when seen 10 months later 
the patient was in good health. 


Discussion 

The preoperative diagnosis of hydatid jaundice is 
usually only tentative, its absolute confirmation 
being made by finding daughter cysts or hydatid 
membrane in the faeces (Harris, 1965; Al-Hashimi, 
1971). In most reported cases the diagnosis has been 
made only at operation, the preoperative diagnosis 
being calculous jaundice. A palpable gallbladder on 
clinical examination seems exceptional, no instance of 
this having been reported in the recent literature. In 
the case reported by Atlas and Kamenear (1952) the 
small mass which was palpable in the right hypo- 
chondrium was diagnosed preoperatively as empyema 
of the gallbladder, but at operation it was found that 
the mass was caused by the cyst in the liver. 

In the patient reported here the diagnosis of 
carcinoma of the head of the pancreas was considered, 
but the presence of severe pain and pyrexia made it 
unlikely. Kattan (1975) emphasizes that, even in an 
endemic hydatid area, in the absence of positive 
evidence, the diagnosis of intrabiliary rupture of an 
hepatic hydatid cyst as the cause of jaundice with 
pain and rigors should be looked upon with suspicion, 
and in fact in the patient reported here it was con- 
sidered that the most likely diagnosis was the 
simultaneous impaction of stones in the cystic and 
common bile ducts. 
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Endoscopic retrograde cholangiography in hepatic 


hydatid disease 


M. COTTONE, M. AMUSO AND P. B. COTTON* 


SUMMARY 
Endoscopic retrograde cholangiography provides safe 


preoperative documentation of the relationship of 


hepatic hydatid cysts to the biliary ductal system and 
accurate distinction from coincident calculus disease. 


RUPTURE of hepatic hydatid cysts into the biliary tree 
may occur in 5-10 per cent of cases with hepatic 
involvement (Macris and Galanis, 1966; Levy, 1970; 
Lofti and Hashemian, 1973; Lewis et al, 1975). 
Until recently, diagnosis of such a complication was 
made only at laparotomy. Endoscopic cannulation of 
the papilla of Vater allows retrograde cholangiography 
and pancreatography (ERCP), a technique which 
distinguishes important indications in patients with 
biliary tract problems (Cotton, 1977). This report 
illustrates the effectiveness of ERCP in patients with 
involvement of the biliary tract by hydatid cyst 
disease. 


Case reports 

Case 1: A 61-year-old Sicilian man was admitted to hospital 
with recurrent episodes of pain, jaundice and fever. A plain 
abdominal radiograph demonstrated a calcified cyst in the 
right hypochondrium. An isotopic liver scan was normal. The 
serum alkaline phosphatase level was raised and a Casoni 
intradermal reaction was positive. 

ERCP demonstrated a normal common bile duct but con- 
siderable dilatation of both the right and left intrahepatic ducts, 
with radiolucent filling defects. Further injection of contrast 
medium demonstrated the cyst directly (Fig. 1). These findings 
were confirmed at surgery. 


Case 2: A 45-year-old Greek man was investigated for episodes 
of right hypochondrial pain occurring 5 years after chole- 
cystectomy and removal of a subhepatic hydatid cyst. Intra- 
venous cholangiography gave normal results, but retrograde 
cholangiography demonstrated a daughter cyst within the 
cystic duct remnant (Fig. 2). These appearances were confirmed 
at subsequent laparotomy. 


Case 3: A 30-year-old Libyan man was investigated after 
suffering right-sided abdominal pains and intermittent jaundice 
for 4 years. Three years previously a hydatid cyst had been 
removed from the right side of the liver. An isotopic liver scan 
showed distortion of both hepatic lobes, but no focal cyst. At 
endoscopic cholangiography (Fig. 3) contrast medium entering 
the left intrahepatic duct system filled directly into a cavity. 
Further injection and posturing outlined its full extent (Fig. 4). 
The patient underwent left hemihepatectomy with a good 
result. 


Case 4: A 62-year-old Sicilian man presented with recurrent 
pain and jaundice. A plain abdominal radiograph was negative, 
an isotopic liver scan showed a filling defect at the hilum of the 
liver and a Casoni intradermal reaction was negative. Retro- 
grade cholangiography demonstrated the common bile duct 
and gallbladder and a complete obstruction of the common 
hepatic duct. At laparotomy there was a hydatid cyst at the 
hilum of the liver, opening into the common bile duct. The 
common hepatic duct was obstructed by daughter cysts. 


Discussion 

Rupture of hepatic hydatid cysts into the biliary tract 
provides a clinical picture identical to that of chole- 
docholithiasis (Atlas and Kamenerr, 1952). In areas 
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Fig. 1. ERCP in Case 1. The right intrahepatic ducts are 


dilated and contain filling defects. The cyst (arrowed) 
communicates directly with the left intrahepatic duct. 
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Fig. 2. ERCP in Case 2. A daughter cyst in the cystic duct 
remnant (arrowed) following previous cholecystectomy. 
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Fig. 3. ERCP in Case 3. A cyst cavity beginning to fill from 
the left intrahepatic duct. 


where hydatid disease is endemic, preoperative 
differential diagnosis from calculus disease is impor- 
tant, because of the differing surgical approach. Plain 
radiology, Casoni tests, eosinophilia and hepatic 
scanning may all help in making a diagnosis of a 
hydatid cyst, but demonstration of its relationship to 
the duct system requires high quality cholangiography. 
Intravenous studies rarely provide adequate definition, 
even in the absence of jaundice (Case 2), and trans- 
hepatic cholangiography (Elias, 1976) is contra- 
indicated when hydatid disease is suspected. ERCP 
provides a safe and accurate preoperative assess- 
ment. 
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Fig. 4. Case 3. The full extent of the cyst is now outlined 
following further injection of contrast medium and 
posturing of the patient after removal of the endoscope. 
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Cytotoxic perfusion for colorectal liver metastases 


I. TAYLOR* 


SUMMARY 

A clinical trial to assess the value of different perfusion 
techniques in the management of colorectal liver 
metastases is presented. The perfusion with5-fluorouracil 
was commenced at the time of resection of the primary 
tumour when palpable liver metastases were found. In 
terms of survival, no benefit was found with hepatic 
artery ligation and perfusion and with portal vein 
perfusion alone compared with the control group. How- 
ever, the combination of the two improved the survival 
rate and a possible explanation for this is discussed. 


MULTIPLE liver metastases are frequently found at 
laparotomy for colorectal carcinoma, often un- 
expectedly (Smiddy and Goligher, 1957; Oxley and 
Ellis, 1969). In these cases the primary, if resectable, 
should probably be removed, but whether any specific 
treatment should be prescribed for the liver metastases 
is not at all clear. Many reports have shown the 
occasional benefits of hepatic perfusion using 5- 
fluorouracil but have failed to establish a place for the 
technique as a regimen for all such unfortunate 
patients. 

These techniques are based on the assumption that 
established liver metastases gain their nutrition almost 
entirely from the hepatic artery (Breedis and Young, 
1954). Hence, ligation of the hepatic artery or infusion 
with a cytotoxic agent should hopefully reduce or 
even destroy tumour growth. This initial hypothesis 
has been modified recently, and it would seem that 
whilst this applies to tumours derived from the portal 
venous drainage areas, e.g. the stomach or colon, it 
does not apply to tumours derived from extraportal 
areas, e.g. the breast, which have a different blood 
flow pattern (Healey, 1965). 

Many reports have appeared showing the value of 
hepatic artery ligation (Table I) and hepatic artery 
perfusion (Table II). Others have commented upon 
the benefits of portal vein perfusion either alone 
(Storer and Akin, 1966) or in combination with 
hepatic artery ligation (Murray-Lyon et al., 1970). 
These series are frequently confusing since they 
include patients with both primary and secondary 
liver tumours from several sites. Similarly, the timing 
of such procedures is not standardized, some being 
performed at initial surgery and others only when the 
secondaries become symptomatic. 

In this study four different approaches to the 
management of patients with primary colorectal 
cancer and liver secondaries at the time of initial 
laparotomy have been compared to determine if one 
perfusion technique is more effective than any other 
or indeed more effective than no treatment at all. 


Patients and methods 

Twenty-four patients have been included in the study. All had a 
resectable colorectal cancer and palpable liver secondaries at 
the time of surgery. The extent of metastatic involvement was 
graded by a combination of appearance on 99 Tc™ sulphur 
colloid liver scan and direct visualization of the liver at opera- 
tion. The following scheme was used (Almersjo et al., 1972): 


1. A small amount of tumour within the liver (less than 20 
per cent of the liver is tumour tissue). 

2. An intermediate amount of tumour within the liver (20- 
70 per cent of the liver is tumour tissue). 

3. The liver is pervaded with tumour tissue (70 per cent or 
more of the liver is tumour tissue). 

The primary tumour was resected in the standard surgical 
manner and the patients were then allocated to one of four 
possible regimens for dealing with the liver metastases: 

Group 1. No treatment. 

Group 2. Hepatic artery ligation and cytotoxic arterial 
perfusion. 

Group 3. Hepatic artery ligation and perfusion combined 
with cytotoxic perfusion through the portal venous system via 
the obliterated umbilical vein. 

Group 4. Umbilical vein perfusion alone. 





. TW Á CM 
Fig. 1. Portagram to show correct positioning of the catheter 
but with compression of the left portal vein by large 
metastases. 


Operative technique 

Hepatic artery ligation and perfusion: Following resection of the 
tumour, the hepatic artery was identified and dissected free 
from the surrounding structures as close as possible to the liver. 
Occasionally it was necessary to mobilize the first part of the 
duodenum and trace the gastroduodenal artery to its origin 
from the hepatic artery. Ligatures were passed around the 
hepatic artery both proximally and distally and a catheter was 
threaded into the artery. Five per cent sodium fluoroscein was 
injected through the catheter and this resulted in intense 
fluorescence over the entire liver but particularly in the 
metastases if the catheter was correctly positioned. The 
catheter was tied in position and the hepatic artery divided and 
ligated proximal to the catheter. The catheter was then brought 
out through a separate stab incision and connected up for 
continuous infusion. In 2 patients cholecystectomy was 
necessary because dusky ischaemic changes over the gall- 
bladder followed the ligation. 

Umbilical vein perfusion: The obliterated umbilical vein was 
found in the free edge of the falciform ligament as a firm white 
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Table I. SURVEY OF RESULTS FOLLOWING HEPATIC ARTERY LIGATION 


Author No. in series and site 


Nilsson (1966) 
Mori et al. (1966) 
Plengvanit et al. (1966) 


7 assorted 
1 stomach 
40 primary carcinoma of liver 


Almersjo et al. (1968) 7 assorted 


Madding et al. (1970) 1 stomach 
1 leiomyosarcoma 


Nagasue et al. (1972) 
24 primary carcinoma of liver 


Balasegaram (1972) 


27 assorted 
8 assorted 


Almersjo et al. (1972) 
Larmi et al. (1974) 


Subjective improvement 
3 improved 

Minimal 

6 significant palliation 


4 improved 


5 prolonged survival 


Obiective improvement 


3 necrosis of tumour 

Necrosis of tumour 

6 necrosis of tumour 

] alive at ] yr 

4 necrosis or decrease in tumour 


1 alive at 16 mth size; 3 progression 


Pain relief 
Improved 


Necrosis on liver scan 
Pain relief 
Improved Regression 

12 decrease in tumour size 
2 alive at 18 mth 
Mean survival 4-5 mth 
7 improved 


6 necrosis of tumour 
4 decrease in tumour size 


No pain relief 





Table H. SURVEY OF RESULTS FOLLOWING HEPATIC ARTERY PERFUSION 


Drug regimen (5-Fu) 


Continuous infusion 5-12 d 
(15 mg kg! d^!) 
Also methotrexate 


10 mg kg ! d! for 2 wk then 
i.v. 10-135 mg kg ^! wk"! or 
500 mg in 57; dextrose/d 

40 mg kg * d^! for 5 d or 20 mg 
kg ^ d^! for 10d or 5-FUDR 
0-5-1 mg kg! d^! 

20mgkg !d' !for 3-6 wk 
continuing up to 14 mth 


500 mg/d 


Various drugs, course 1-11 wk 


28 mg kg ! d^! for 4 d, then 
15 mg kg”! d^! for 8 d then 
i.v. 5-Fu 15 mg/d once a week 
Mitomycin C or 10-15 mg/kg 
5-Fu (1 dose in 33, continuous 
in 13) 


Results 
9/13 objective regression 


3 survived 3-7 mth 

| survived 2 mth 

3675 objective response 

5075 decrease in size of 
metastases 

59%; Objective response 


70745 symptomatic improvement 
Mean survival 15 mth (control 
4 mth) 
10/11 good subjective improve- 
ment upto 10 wk — wt gain noted 
36-275 objective response 
6-30 mth 
Responders mean survival 
12 mth non-responders 4 mth 
61% improvement 
Mean survival 8-7 mth 


1 dose: 
76°, subjective improvement, 
5274 objective 


No. in 
Author series Technique 
Brennan et al. (1963) 13 Brachial catheter 
Ariel and Pack (1965) 12 Transfemoral 
10 Laparotomy 
Rochlin and Smart SI Transfemoral 
(1966) Laparotomy 
Burrows et al. (1967) 101 Transbrachial 
Watkins et al. (1970) 126 Laparotomy 
Murray-Lyon et al. 11 Operative and hepatic 
(1970) artery ligation 
Freckman (1971) 243 Transfemoral 
Ansfield et al. (1971) 200 = Transbrachial (operative 
in 12) 
 Kinani et al. (1972) 46 Transfemoral 
Fortner et al. (1973) 14 Hepatic artery ligation 
perfusion 
Cuschieri et al. (1975) 17 Hepatic artery ligation 
perfusion 
Ansfield (1975) 419 ‘Transbrachial 


cord running from the umbilicus to the left branch of the portal 
vein. It was dissected free and partially divided, so exposing its 
smooth endothelial lining. A small bougie was introduced into 
the lumen and gently advanced until a resistance, indicating 
the entrance to the portal vein, was met. Firm pressure allows 
passage into the portal vein and removal of the bougie was 
followed by flow of blood along the vein. The lumen was 
progressively dilated and cannulated. The cannula was brought 
out through a separate incision and connected up for con- 


e tinuous perfusion. 


Dose regimen 

All patients in the treatment groups received 1 g of 5-Nuoro- 
uracil (5-Fu) per day for 10 days. In group 3 the dose was 
divided and 0-5 g per day were given into both the hepatic 
artery and portal vein. 


* * 


Constant perfusion 21-10 wk 
250 mg/d for 6 wk 
20-30 mg kg"! d^! for 4 d, then 


15 mg kg! d^! for 17 d, then 
i.v. 15 mg/kg once a week 


Continuous: 
467, subjective, 37% objective 
78%, subjective relief 
5075 objective remission 
35075 good response 
Mean survival 9 mth 
55% objective improvement 
Mean survival 11:6 mth (13 
patients alive 16-66 mth) 


The 5-Fu was given as a continuous infusion in 5 per cent 
dextrose and 2500 units of heparin were added to discourage 
thrombosis. In 3 patients it was necessary to use a perfusion 
pump but in the remainder a simple drip stand provided an 
adequate head of pressure for the hepatic artery perfusion. 
Penicillin and gentamicin were administered throughout the 
period of perfusion. 

Both portagrams and hepatic angiograms were performed 
by injecting contrast medium into the catheters to ensure 
adequate positioning (Fig. 1). Liver function tests and full 
haematological investigations were performed daily during the 
perfusion. Particular. note was made of any side effects 
associated with the perfusion. 

The patients were followed up at monthly intervals in the out- 
patient department. Repeat liver function and haematological 
investigations were performed as well as liver scans. 
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Results 
na results for the whole series are presented in Table Bilirubin (pmol/l) 1204 Zt. 


Group 1 

The mean postoperative hospital stay was 11:4 € 31 

(s.d.) days. Two patients developed wound infection 
(Escherichia coli) and 1 a severe bronchopneumonia. 

There was no case of anastomotic dehiscence. One 

patient died in the postoperative period and at post- Aline 
mortem extensive metastatic disease involving the ; i —— a 
liver was confirmed. á E ah EC ad pes, ae 
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Fig. 2. Alkaline phosphatase and bilirubin values following Weeks 
colon resection in a patient who did not undergo perfusion Fig. 3. Liver function tests in patients who underwent 
to the liver metastases. hepatic artery ligation and perfusion. 
Table Il: RESULTS OF TREATMENT FOR COLORECTAL LIVER METASTASES 
Name and Age Dukes' Liver 
sex (yr) Site classification Operation stage Survival (mth) 
Group 1 
K. O. (CF) 61 Ascending colon C R Hemicolectomy 3 Died day 5 postop. 
A. S. (M) 72 Ascending colon C R Hemicolectomy 3 . 
V. B. (F) Si Descending colon C L Hemicolectomy 2 
A. W. (M) 78 Sigmoid C Sigmoid colectomy 3 
D. O. (PF) 62 Sigmoid B L Hemicolectomy 2 
As T. (M) 47 Rectum C Abdominoperineal 2 
Group 2 
B. L. (F) 63 Sigmoid C Sigmoid colectomy 3 
R. R. (M) 62 Sigmoid C Sigmoid colectomy 3 
J. B. (M) 47 Rectum C Abdominoperineal 2 
J. S. (FP) 70 Caecum C R Hemicolectomy 2 
A. B. (F) 62 Caecum B R Hemicolectomy 2 
T. A. (M) 73 Descending colon C L Hemicolectomy 2 
- Group 3 
T. S. (M) 68 Rectum B Abdominoperineal 1 Alive 15-0 
T. A. (M) 50 Sigmoid C Sigmoid colectomy 3 Alive 8-0 
P. B. (F) 62 Sigmoid C Sigmoid colectomy 3 8-0 
C. S. (M) 60 Sigmoid B Sigmoid colectomy 3 13-0 
S.J. (M) | 67 Sigmoid B Sigmoid colectomy 2 9-0 
J. B. (F) 49 Caecum C R Hemicolectomy 3 Died day 12 postop. 
F. R. (M) 55 Rectum C Abdominoperineal 2 Alive 6-0 
Group 4 . 
C. M. (F) 24 Sigmoid C Sigmoid colectomy 1 10-0 
M.E. (F) 58 Transverse C Transverse colectomy 3 70 
T. C. (M) 62 Sigmoid C Sigmoid colectomy 3 2-0 
T. B. (M) 70 Descending colon B L Hemicolectomy 2 1:5 
H. C R Hemicolectomy 3 Died day 3 postop. 


H. (CF) 52 Caecum 


* k 
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Fig. 4. Liver function tests in patients who underwent hepatic 
artery ligation and perfusion as well as umbilical vein 
perfusion. 


60 
Bilirubin (molt) | 
t 
40+ ES 
i ye 
H U- 
eds NOSE IMINDeeNM quie pier cated anes 

Alkaline 600 


phosphatase (ujl) 





SGOT (u/!) 399 | 


1004 
504 
SGPT (u/l) T Meteo ccUMU ee 
" "di 
wh 
e egi 12-1620 28 36 


Weeks 


Fig. 5. Liver function tests in patients who underwent 
umbilical vein perfusion alone. 
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Fig. 6. Mean survival rates in each group of patients 
(months +1 s.d.). HALP, Hepatic artery ligation and 
perfusion; UVP, umbilical vein perfusion. 


The mean survival in the remainder of the group 
was 3:1 € 2-3 (s.d.) months. All died within 6 months 
of surgery. There was a progressive elevation in the 
alkaline phosphatase value in all patients but the 
bilirubin level remained constant (Fig. 2). 


Group 2 

One death occurred in the immediate postoperative 
period (B. L.) and at post-mortem bronchopneumonia 
was present as well as extensive liver metastases. The 
mean postoperative stay in the group was 13-14: 1-2 
days. Three patients developed wound infection 
(J. B., J. S., I. A.) and 1 a perineal infection following 
abdominoperineal excision (J. B.). 

The mean survival in this group was 3:0 2:0 
months. Only 1 patient (A. B.) survived for more 
than 4 months after surgery. The bilirubin and 
alkaline phosphatase values remained stable both in 
the immediate postoperative period and the sub- 
sequent recovery phase. Following an initial elevation, 
the SGPT values slowly fell towards normal (Fig. $). 

In the follow-up period there was a gradual eleva- 
tion in alkaline phosphatase until death. Only 1 
patient had a statistically significant elevation in 
bilirubin values. 

One patient (J. B.) had a precipitous fall in both 
platelet and white cell count which slowly improved 
on cessation of the perfusion. 


Group 3 

One patient (T. S.) had a large postoperative perineal 
bleed following abdominoperineal excision which 
required packing. He subsequently developed both 
wound and perineal infections. The remainder of the 
patients were discharged within 14 days of surgery 
(mean 11-6 X 3-0 days). 

One patient died 2 weeks postoperatively but the 
remainder all survived for longer than 6 months. Three 
patients are alive and well at 15, 8, and 6 months 
(T. S., T. A., F. R.). Three other patients died 8, 9 and 
13 months after surgery (P. B., S. J., C. S.). The mean 
survival in this group was 9-8 + 3-4 months. 








Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


cephaloridine 


Resistance not a problem 


Ceporin has been shown not to alter 


hospital ecology of bacteria. 


Whereas 


between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly.’ 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 
2. Lancet (1975) 4, 1251 


Glaxo ` `` 


Full prescribing information on Ceporin (trade mark) is available from: Glaxo Laboratories Ltd, Greenford, Middlesex UB6 OHE 
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Cytotoxic perfusion for colorectal liver metastases 


In 2 patients a liver scan performed at 6 months 
showed no evidence of liver metastases when compared 
with the preoperative scan. In another patient (A. B.) 
an easily palpable metastatic liver preoperatively was 
no longer clinically obvious at 5 months. 

Liver function tests in this group showed a gradual 
fall in the elevated enzyme values but a subsequent 
rise coincided with symptomatic deterioration (Fig. 4). 


Group 4 

This group was not strictly randomized. For technical 
reasons, in 5 patients hepatic artery ligation and 
perfusion could not be performed; this was due to 
adhesions from previous surgery in 2, blockage of the 
catheter before treatment could commence in 2 and in 
| patient the artery could not be found. In these 
patients umbilical vein perfusion alone was performed 
and the results are presented separately. 

One patient (C. M.), aged 24, progressed well and 
lived for 10 months with no significant symptoms. 
She had a solitary metastasis at initial laparotomy but 
multiple liver metastases at post-mortem. There was 
1 postoperative death at 3 days and the other patients 
survived 28, 8 and 6 weeks respectively. The mean 
survival rate was 41 +38 months, which was not 
statistically significantly different from group 1. 

The mean postoperative stay was 13:2: 3:2 days. 
One patient had severe nausea but there were no 
other complications, with no incidence of fistulas or 
clinical wound infections. The alkaline phosphatase 
levels were constantly elevated and increased with 
progressive deterioration (Fig. 5). 


Discussion 

Working on the assumption that the majority of 
tumour nutrition in liver metastases arrives via the 
hepatic artery, ligation of this vessel with or without 
perfusion of 5-fluorouracil has been practised for 
several years in an attempt to diminish and indeed 
destroy tumour growth in the liver. Species differ in 
their compensatory ability following hepatic artery 
ligation, but in man the contribution of portal venous 
flow appears to be of paramount importance in 
maintaining survival (Tygstrup et al., 1962). From a 
critical review of the literature (Table J) it seems that 
a proportion of patients obtains significant palliation 
Ater hepatic artery ligation alone and this is associated 
with objective decreases in tumour size. Some patients 
also experience a prolongation of life, although clearly 
they are never cured since tumour growth subse- 
quently advances. 

Perfusion of 5-fluorouracil has been combined with 
hepatic artery ligation in several reports (Table II). A 
theoretical criticism of this combined method is that 
hypoxic tumour cells may be less responsive to 
chemotherapeutic agents. Nevertheless, subjective and 
objective signs of tumour regression have been noted. 
Several of these series have reported encouraging 
subjective responses in a proportion of patients, and 
in many this is combined with objective evidence of 
tumour regression (Murray-Lyon et al, 1970; 
Fortner et al., 1973). 

Other reports have shown improvements with 
hepatic artery perfusion alone, either via a trans- 
femoral arterial catheter or by means of operative 
placement (Table II). The situation is made more 
complex by other workers showing improvement with 
portal vein perfusion alone (Storer and Akin, 1966). 
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A major difficulty in comparing these different series 
is the widespread pathology which is included in the 
various treatment regimens. Some series include liver 
secondaries from a variety of primary tumours 
whereas others include primary liver tumours only. 
Similarly, little attempt has been made to assess the 
extent of liver involvement. 

In the present report strict criteria for entry into the 
treatment groups have been applied. All patients had 
a colorectal cancer which was resected and the liver 
secondaries were treated at the time of this surgery. 
Three of the 4 treatments were randomized but, as 
explained, 5 patients underwent umbilical vein 
perfusion alone because of inability to gain access 
to the hepatic artery, so this group was not strictly 
randomized. Two patients in this group probably had 
a hepatic artery occlusion also since the hepatic arterial 
catheter had blocked. Nevertheless, no statistically 
significant difference in survival was found between 
groups 2 and 4 and the no-treatment group (group 1). 
Patients in group 2 experienced more side effects than 
the other patients. It may be that hepatic artery 
ligation and perfusion should be reserved only 
for palliation of symptoms from liver secondaries 
and not used as a primary treatment at initial 
laparotomy. 

Survival in group 3 was seen to be significantly 
better than in the other groups (Fig. 6). It could be 
argued that patients in this group had less extensive 
disease, although they were matched as closely as 
possible to patients in the other groups. In 2 patients 
in this group the liver scans showed less metastatic 
disease after treatment. 

A possible explanation for this improvement may 
be related to the compensatory mechanisms which 
occur following hepatic artery ligation. In man the 
portal vein supplies about 75 per cent of hepatic blood 
flow and has an oxygen saturation approaching 85 
per cent, which is sufficient to provide 30-35 per cent 
of the oxygen requirements of the liver. Following 
hepatic artery ligation there is a compensatory increase 
in portal vein blood flow and a more efficient and 
increased oxygen extraction by the hepatic cells. This 
compensatory increase in portal vein blood flow is 
probably a more important factor than the increased 
collateral arterial flow in preventing hepatic necrosis 
after ligation (Almersjo et al, 1968). One could 
postulate that tumour growth, which initially 
diminishes following hepatic artery ligation, subse- 
quently increases as perfusion via the portal vein 
increases. Hence by perfusing the liver with 5-Fu via 
the portal vein as well as the ligated hepatic artery, a 
higher concentration of drug will be delivered to the 
metastases and will hopefully help to destroy a larger 
volume of tumour cells. 

In conclusion, it would appear that little is gained 
by treating patients with colorectal liver secondaries 
at the time of initial surgery by either hepatic artery 
ligation and perfusion alone or by umbilical vein 
perfusion alone. However, the combination of the 
two may confer some benefit in prolonging symptom- 
free survival. 
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Interposition left gastric-caval shunt using internal 
jugular vein autograft in the treatment of 


portal hypertension 


E. MORENO GONZALEZ, J. HEBRERO SAN MARTIN, P. CARDA ABELLA, 
J. L. RODRIGUEZ AGUYO AND DUSKO JELAVIK* 


SUMMARY f 
The selective left gastric-caval shunt is, in theory, one 


of the better procedures in the surgical treatment of 


portal hypertension. We have performed a modification 
of the previously described technique utilizing an internal 
jugular vein autograft in 4 patients who had had more 
than one major haemorrhage from oesophageal varices 
3-12 months before operation. There were no post- 
operative deaths. All 4 patients are still alive 3 months to 
4 years after shunting, with no episodes of bleeding. On 
radiological and endoscopic follow-up, the oesophago- 
gastric varices were noted to be markedly smaller in 
size than before shunting. 


Since 1969, 78 shunts for decompression of oeso- 
phageal varices have been performed in our depart- 
ment (Table I). Selective distal splenorenal shunts 
(Warren et al, 1967) were accomplished on patients 
in whom high hepatopetal portal flow was found and 
both splenic and renal veins were available. Porta- 
caval, end-to-side splenorenal or mesocaval shunts 
were performed when selective shunts were not 
feasible. When the left gastric vein was found to be 
large enough and when splenectomy had been 
previously carried out or was indicated because of 
serious hypersplenism, we preferred to undertake an 
interposition left gastric-caval shunt using an internal 
jugular vein autograft (Fig. 1). 

The selective distal left gastric-caval shunt is the 
procedure which decompresses most directly the area 
of oesophageal varices in a patient with portal hyper- 
tension (Inokuchi et al., 1970; Linton, 1973). The use 
of a segment of autogenous long saphenous vein 
(Inokuchi et al., 1970) is subject to difficulties owing 
t the narrow calibre of the vessel, the thickness of its 
muscularis layer and the presence of valves, so that 
this procedure has not gained wide popularity. 

We have modified the previously described technique 
by using an internal jugular vein graft, which possesses 
several advantages. For example, the procedure to 
obtain the venous graft is technically very easy, the 
vein has a wide lumen with very few collateral 
branches and its wall is thin and elastic and contains 
no valves. 


Patients and methods 
We have performed this type of shunt in patients who have 
sustained a repeated haemorrhage from ruptured oesophageal 
varices under the following circumstances. First, when there is 
available a large left gastric vein which is carrying most of the 
retrograde hepatic flow; secondly, when serious hypersplenism 
justifies splenectomy; and thirdly, when high portal venous 
perfusion of the liver is present, in which situation a selective 
shunt is preferable in order to avoid serious acute portal blood 
flow deprivation of the liver. 

We have performed the left gastric-caval shunt utilizing an 
internal jugular vein graft in 4 patients (Table II). Two had 


hepatic cirrhosis; one patient with hepatic fibrosis, probably 
of congenital origin, had had a splenorenal shunt 5 years 
earlier and this had thrombosed; the fourth patient had a 
cavernomatous malformation of the portal vein. 

All 4 patients had suffered more than one major haemor- 
rhage of at least 1000 ml, 3-12 months before operation. They 
were all initially treated with blood transfusion, intravenous 
fluid therapy, gastric ice water lavage and balloon tamponade. 
The 2 patients with hepatic cirrhosis had ascites, which was 
successfully managed with low sodium diet, bed rest and 
diuretic therapy. All 4 patients showed platelet counts below 
90: 10*/1, hypofibrinogenaemia and coagulation defects 
(Table I1). 


Table I: DETAILS OF A SERIES OF 78 SHUNTS FOR 
DECOMPRESSION OF OESOPHAGEAL VARICES 


No. of Encephalo- 
Shunt patients Mortality pathy 
End-to-side portacaval 18 6 (3324) 6 (5022) 
Side-to-side portacaval 2 0 1 (5025) 
Side-to-end mesocaval 13 1 (7-6%) 2 (16:675) 
Interposition mesocaval 26 1(385) 0 
(using jugular vein 
autograft) 
Splenorenal with 4 1 (2524 1 833%) 
splenectomy 
Distal splenorenal li 1 (9%) 0 
Interposition left gastric- 4 0 Q 
caval {using jugular 
vein autograft) 
Total 78 10 (115% 10 (11:524) 


Table If: DETAILS OF 4 PATIENTS UNDERGOING 
LEFT GASTRIC-CAVAL SHUNT UTILIZING 
INTERNAL JUGULAR VEIN GRAFT 


Case WBC RBC Hepatic 

no. Aetiology (x 10°/I) (x10*/D) venography* 
i Alcoholic cirrhosis 52 3-78 H 

(9 mmHg) 
2 Posthepatic cirrhosis 1-2 2:10 H 

(17 mmHg) 
3 Fibrosis 2:2 2-50 I | 

(23 mmHg) 
4 Portal cavernomatous 19 2°35 J 


malformation (17 mmHg) 


* Viamonte classification. 


Angiographic studies were carried out in all 4 patients and 
splenoportography in 2 patients. A large left gastric vein was 
found on splenoportography (2 patients, Figs. 2 and 3) and the 
venous phase of arteriography (4 patients). Large superior 
mesenteric veins were also present with a high degree of portal 
hepatic flow in all patients except the one with portal caverno- 
matous transformation. Wedged hepatic vein pressures were 9, 
17, 17 and 23 mmHg with free hepatic vein pressures of 
* University Department of Surgery, Ciudad Sanitaria 
Primero de Octubre, Madrid, Spain. 

Correspondence to: E. Moreno Gonzalez, MD, Calle 
Hermanos Miralles, 39 Madrid-1, Spain. 


* , 





116 


E. Moreno Gonzalez et al. 





IJV 


Fig. 1. Diagram showing the technique. LGV, Left gastric 
vein; IJV, internal jugular vein autograft. Splenectomy was 
performed. SGV, Short gastric vessels ligated. 





Fig. 2. Preoperative splenoportography. SGV, Short gastric 
vessel; SV, splenic vein; LGV, left gastric vein; PV, portal 
vein, cavernomatous transformation. 





Fig. 3. a, Preoperative splenoportography. PV, Portal vein: 
SV, splenic vein; LGV, left gastric vein. 5, Selective coronary 
arteriography, venous phase. B, No contrast in oesophageal 
veins, good hepatic perfusion. 


Table III: ILEOPORTAL PRESSURES (cmH,O) 


Case Before section After section After LGV- 
no. of LGV of LGV caval shunt 
l 36 38 32 
2 32 40 36 
3 45 49 43 
4 37 38 31 





LGV, Left gastric vein. 


3, 4, 2 and 5 mmHg respectively, giving corrected pressures of 
6, 13, 15 and 18 mmHg. Hepatic venous angiography showed 
normal hepatic lobules in 2 patients, who were therefore 
classified as stage I according to the Viamonte criteria 
(Viamonte et al., 1970). The 2 other patients showed altered 
hepatic lobules and retrograde flow from hepatic veins to 
portal branches; they were therefore classified as stage II 
( Toble IT). 


Operative technique 

A long midline incision was used. A catheter was introduced 
into the portal vein through an ileal vein and portal pressure was 
measured before and after occlusion of the left gastric vein and 
finally after completion of the shunt. The gastrocolic ligament 
was divided to reach the posterior aspect of the stomach and 
the left gastric vein was carefully dissected up to its junction 
with the portal vein. The left gastric vein must be divided and 
tied as close to the portal vein as possible. The anterior and left 
aspects of the vena cava were mobilized as far caudally as the 
renal veins. The internal jugular vein was then removed and 
the jugulocaval anastomosis performed, aligning the graft in an 
ascending direction to accord with inferior vena caval flow. 
The graft was then introduced through the gastrohepatic 
ligament to accomplish the end-to-end anastomosis of the 
jugular to the left gastric vein. Finally, splenectomy was 
performed when indicated for gross hypersplenism (3 patients 
in our series). 


Results 
There were no postoperative deaths; all 4 patients are 
still alive 3 months to 4 years after shunting. 

One patient had early postoperative jaundice 
(serum bilirubin 157-32 wmol/l )but this. regressed 
spontaneously in 2 weeks. Another patient was 
pyrexial for some days but this settled without any 
specific treatment. 

The ileoportal pressures (Table III) were 36, 32, 45 
and 37 cm H,O respectively before interruption of the 
left gastric vein. Once this vein was tied and divided, 
portal pressure rose slightly to 38, 40, 49 and 38 
cmH,O. After completion of the shunts, pressures 
decreased to 32, 36, 43 and 31 cmH,O. 

Platelet and leucocyte counts became nearly normal 
after splenectomy in the 3 patients in whom the spleen 
was removed. Coagulation factors remained abnormal 
for 30, 45 and 60 days after operation in the same 3 
patients. 

The patients were on a normal diet during the 
postoperative period and experienced neither bleeding 
nor encephalopathy. Protein tolerance tests showed flo 
difference when the patients were given 20 g protein, 
40 g protein, normoproteic and hyperproteic diets. 

Oesophagographic and endoscopic evaluations of 
the oesophageal varices were obtained in all 4 patients 
Over a postoperative period ranging from 1 month to 
4 years. The oesophagogastric varices were noted to 
be markedly smaller in size than they were before 
shunting. Coeliac arteriography was also performed 
as a routine and both graft patency and a significant 
decrease in hepatofugal collateral circulation and 
oesophageal varices were demonstrated in all 4 
patients. Comparison of pre- and postoperative 
superior mesenteric angiograms showed that portal 
hepatopetal flow had increased after shunting. 


Discussion 

The surgical treatment of bleeding oesophageal 
varices in a patient with portal hypertension con- 
tinues to be a controversial matter. It is clear that end- 
to-side portacaval anastomosis reduces portal pressure 
sufficiently to prevent further episodes of bleeding but 


such shunts frequently lead to portal systemic 
encephalopathy and deterioration in hepatic function. 
For this reason, surgeons have striven to find new 
surgical procedures which will protect these patients 
from haemorrhage while avoiding encephalopathy or 
hepatic insufficiency. 

The left gastric-caval shunt is undoubtedly the 
procedure which most directly decompresses the area 
of oesophageal varices without reduction in hepato- 
petal flow, so that blood from the pancreatic- 
duodenal area containing hepatotrophic factors 
(Fisher et al., 1973; Popper, 1973; Starzl et al. 1973) 
continues to perfuse the liver. This type of shunt is 
associated with a low mortality rate (no patient died in 
our series) and is rarely associated with portal systemic 
encephalopathy. Adequate decompression of oeso- 
phageal varices is achieved but, if the shunt becomes 
occluded, the haemodynamic consequences are not 
serious. 

The left gastric-caval anastomosis has been 
described without the use of a graft (Inokuchi et al., 
1970). Such a technique requires dissection and 
mobilization of a long segment of left gastric vein for 
anastomosis to the vena cava. Since many collateral 
branches must be tied and divided to obtain an ade- 
quate venous segment, the prograde flow coming from 
the oesophagogastric area towards the anastomosis 
markedly decreases. For this reason we prefer not to 
dissect a long venous segment, but to perform the 
shunt by using a jugular vein graft. 

In summary, although the ideal solution to the 
problem of portal hypertension is still not clear, the 
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best chance we can offer to the patient with bleeding 
oesophageal varices is a portal systemic shunt. At 
present, it appears clear to us that the new selective 
shunts offer more hope to these unfortunate patients. 

We consider that among the various selective shunts, 
the left gastric-caval shunt with jugular vein graft has 
some specific indications. Performed in a selective 
manner, it is a safe method for decompression of 
oesophagogastric varices without disturbing hepato- 
petal flow, thus preserving hepatic function. 
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In vivo release of gastrin into human gastric juice 
N. F. KNIGHT, R. G. FIDDIAN-GREEN AND A. I. VINIK* 


SUMMARY 

The release of antral gastrin has been examined in 
human subjects by infusing saline and albumin into 
their stomachs. Immunoreactive gastrin (IRG) was 
present in fasting serum but not in fasting gastric juice. 
Intragastric infusions of saline and albumin induced 
small but significant (P « 0-05) rises in the serum con- 
centrations of IRG. There was no significant difference 
between the magnitude of the serum gastrin responses to 
these two stimuli. The stimuli induced a rise in the 
luminal concentration of IRG which was sixfold greater 
than that in the serum concentration of IRG. The 
response to albumin was significantly greater than the 
response to saline (P<0-05). The IRG in gastric juice 
was chromatographically similar to heptadecapeptide 
gastrin. The stimuli also released IRG in patients with 
duodenal ulcers. The magnitude of the release into 
serum and gastric juice in these patients was significantly 
reduced by antrectomy (P « 0-05). 


STUDIES in vitro have shown that an isolated sheet of 
human antrum releases antral G17 from its mucosal 
surface in much larger amounts than it releases 
immunoreactive gastrin (IRG) from its serosal surface, 
and that the release of gastrin from the mucosal surface 
can vary independently of its release from the serosal 
surface (Fiddian-Green et al., 1976). The similarities 
between our i7 vitro findings and in vivo responses to 
intravascular stimuli suggest that the in vitro findings 
may reflect the manner in which antral gastrin is re- 
leased in vivo. As gastrin is degraded by gastric juice 
at low pH (Strauss and Yalow, 1976; Fiddian-Green 
et al., 1977), it is more likely to be detected in neutral 
samples of gastric juice than in acidic samples in 
which the pH has been allowed to fall sufficiently 
to degrade any gastrin that may have been released 
into the gastric juice. The in vivo implications of our 
in vitro findings have been examined in this study by 
collecting samples of gastric juice before the pH has 
been allowed to fall sufficiently to degrade any gastrin 
that may have been released into the gastric juice. 


Materials and methods 

Clinical 

The experimental protocol was approved by the hospital 
committee concerned with the ethics of human experimentation. 
Seven healthy members of the staff and students, 20-40 years 
old, volunteered for this study. Informed consent was obtained 
from each subject. Then, after an overnight fast, a nasogastric 
tube was positioned in the stomach and an indwelling poly- 
ethylene cannula placed in the antecubital vein. The venous line 
was kept patent by a slow infusion of heparin-saline. After a 
rest period of 30 min, two basal samples of gastric juice and 
two basal samples of venous blood were obtained and the 
stomach emptied. Isotonic saline (150 m! at pH 6:2) was then 
administered às a bolus down the nasogastric tube at time 
zero. Thirty minutes later 150 ml of highly purified (6-7 per 
cent) salt-free human serum albumin (Natal blood transfusion 
service) was administered (as a bolus) down the nasogastric 
tube. Two further boluses of albumin were administered at 
60 and at 90 min. Aliquots of serum and of gastric juice were 
collected at 5-min intervals from the time of the saline infusion 
until 30 min after the last infusion of albumin. The pH of each 
sample of gastric juice was recorded before the sample was 


* * 


titrated to pH 7, frozen and stored for later immunoassay of 
gastrin. Venous whole blood samples were centrifuged and the 
serum frozen and stored for immunoassay of gastrin. 

Identical studies were performed in $ individuals with endo- 
scopically proved duodenal ulcers and repeated after vagotomy 
and Billroth I antrectomy for the ulcer disease. As the opera- 
tions were performed by different surgeons the degree of 
resection was not standardized. 


Laboratory 

Human serum albumin was chosen as the stimulus for gastrin 
release after examining the gastrin content of some of the more 
conventional secretagogues. Oxo, Marmite, Bovril and 
peptone solutions were found to contain considerable amounts 
of gastrin-like immunoreactivity and, although useful as stimuli 
for releasing gastrin into the circulation, these were unsuitable 
for measuring gastrin in the gastric juice. Albumin was 
selected as the stimulus for gastrin release because it did not 
contain any gastrin-like immunoreactivity or interfere with 
the assay of gastrin in the gastric juice, and because it was an 
effective buffer of gastric juice which would minimize degrada- 
tion of any released gastrin in the gastric juice. Gastrin was 
measured by radioimmunoassay and identification of the type 
of gastrin secreted into the gastric juice was carried out by 
chromatography, as previously described (Vinik et al., 1975). 
Because the immunoassayable material diluted as a peptide 
larger than G17 gastrin, gastric juice samples were rechromato- 
graphed in 0-01 M acetic acid and 0-01 M acetic acid containing 
0-5 per cent sodium dodecylsuphate (SDS) and 8 M urea on 
100 x 1 cm? Sephadex G25/50 columns. Additional characteri- 
zation was carried out by anion exchange chromatography on 
QAE Sephadex A25 (Pharmacia Fine Chemicals). Samples 
were applied to a 10x 1 cm column equilibrated with 0-05 M 
ammonium bicarbonate presaturated with 1 ml of 5 per cent 
bovine serum albumin and eluted by a gradient of ammonium 
bicarbonate increasing from 0-05 M to 0-5 M at a rate of 30 mi/h. 


Statistics 
The data were analysed with non-parametric tests (Snedecor 
and Cochran, 1967). 


Results 

Fig. 1 illustrates the change in gastrin concentration 
in the serum and gastric juice in response to saline and 
albumin administration. Saline administration caus@d 
the immunoreactive gastrin (IRG) concentration in 
serum to rise slightly and significantly within 5 min, 
as did each bolus of albumin. There was no significant 
difference between the magnitude of the serum 
responses to saline and albumin. The comparison of 
the incremental changes above basal concentration 
(Fig. 2) for the 30-min saline period and the first 
albumin period demonstrates a similarity in magnitude 
between the serum and gastric juice response to 
saline, but a sixfold greater rise in the luminal response 
to albumin than to saline. The luminal response to 
albumin was significantly greater (P« 0:01) than the 
serum response when the area of the curve was 
computed as an index of secretion. The magnitude of 
the responses in serum and gastric juice was signifi- 
cantly reduced bv vagotomy and antrectomy. The 
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Fig. 1. Basal serum and gastric juice levels and the responses 
to saline and albumin. Dots denote significance of differences 
from basal by the Wilcoxon signed rank test. 
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Fig. 2. Incremental (above basal) gastrin responses to saline 
and albumin for the first 30-min period of Fig. 1. Dots 
denote significance of differences between plasma and gastric 
juice concentrations. 


luminal pH rose following each infusion of albumin 
There was a linear correlation between the luminal pH 
and the concentration of IRG in the gastric juice 
(r = 0-42) which was significant at the 1 per cent level. 
No such correlation was evident between the luminal 
pH and the serum gastrin concentration. Chromato- 
graphy of pooled peak luminal samples indicated a 
single gastrin peptide, which was larger than the G17 
gastrin, that partially dissociated in acetic acid and in 
acetic acid eluted in 0-5 per cent sodium dodecyl- 
sulphate plus 8M urea to yield a peptide whose 
molecular weight was similar to that of G17 together 
with some immunoreactive material of lower 
molecular weight (Fig. 3). Anion exchange chromato- 
graphy (Fig. 4) of pooled large molecular weight 
material obtained on Sephadex chromatography 
produced a single, well-defined peak corresponding 
with the elution position of the SHG I (G17) standard. 


Discussion 

The present authors, and others (Stadil et al., 1975; 
Strauss and Yalow, 1976; Fiddian-Green et al., 
1977) have alluded to the difficulty of measuring 
hormones in the gastric juice by radioimmunoassay. 
Apparently, erroneously high concentrations may, on 
occasion, arise at low pH either from the interference 
with antibody binding or from damage to the labelled 
antigen and antibody by pH-dependent enzymes 
(Strauss and Yalow, 1976). We were aware of these 
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Fig. 3. Chromatographic characterization of immunoreactive 
gastrin in gastric juice. The material emerging as a large 
molecular weight peptide when eluted with 0-05 m veronal 
buffer, pH 8:4, was rechromatographed in 0-01 M acetic acid, 
and in acetic acid containing 0-5 per cent sodium 
dodecylsulphate and 8 M urea. 
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Table I: CONCENTRATIONS OF IRG IN SERUM AND 
GASTRIC JUICE IN RESPONSE TO 
ADMINISTRATION OF SALINE AND ALBUMIN IN 
DUODENAL ULCER PATIENTS BEFORE AND 

AFTER ANTRECTOMY 


Preoperative Postoperative 

Time Serum Gastric Serum Gastric 

(min) (pm/l) (pm/l) (pm/l) (pm/l) 
Basal 16-6423 0-8 +- 0-1 10-8 -- $0 0:8 = 0-1 
5 20:0--2-0 2-7-- 2-0 IDA 2:5 23345 
10 18-0-- 2-0 4-0 4-3-0 11-4-2-5 2-0. 1-0 
15 16:0 4.23 20420 11442-35 23415 
2 17-0-- 2-0 0-8--0:1 10-5. 2-0 Q-8--01 
30 16:42-2:3 0-8-0-1 11:0-- 2-0 Q-8--0-1 
35 18:6. 3-0 16:5-- 10-5 I2:3-- 1-5 36-25 
40 18:0 3- 2-0 17-32-12-0 12-0-- -5 10-54-46 
45 17:7-20 25-0.-9-0 10-5 4-2-0 8-0-- 6.0 
50 20-0--4-0 160-40 12:04-20 10:5 - 6:0 
60 20:5 4-4-0 EEEREN I0 F5 10-04-60 


Saline, 150 ml administered at 0 min; albumin. 150 ml 
administered at 30 min. 

The magnitude of the responses in serum and gastric juice, 
expressed as areas under the curve between 0 and 30 min 
and 30 and 60 min, were significantly (P 0-05) reduced after 
antrectomy. 


difficulties and took care to neutralize all samples 
before assay. Recovery of labelled or unlabelled 
gastrin added to neutralized gastric juice was almost 
100 per cent. No IRG was detected in fasting samples 
of gastric juice and the highest concentrations of IRG 
were recorded at high pH. The IRG eluted as a large 
molecular weight substance militating against proteo- 
lytic digestion or pH-dependent artifactual elevation 
of luminal gastrin. Molecular sieve and anion 
exchange chromatography, and the effect of antrec- 
tomy, suggest that the IRG in gastric juice may be 
G17, but absolute evidence will depend upon detailed 
peptide analysis of the IRG. 

These studies are a natural sequence to others 
carried out on isolated sheets of human antral mucosa 
mounted in Ussing chambers in ritro, where antrum 
was found to release consistently more G17 from the 
mucosal (luminal) than from the serosal surface in 
response to a variety of secretogogues, including 
glycine, arginine and acetylcholine (Fiddian-Green et 
al., 1976). These in vitro observations made us suspect 
that luminal gastrin might not derive solely from the 
transmucosal passage of blood-borne hormone, as 
Jordan and Yip (1972) had suggested, but that the 
gastrin might be derived from secretion into the 
lumen of the stomach. Our in vive data are consistent 
with the conclusion that luminal gastrin derives by 
secretion from the lumen of the stomach rather than 
by diffusion from the blood, for the concentration 
"gradient of gastrin between lumen and serum favours 
transmucosal passage of gastrin from lumen to 
serum rather than the reverse. 

The serum responses to saline and albumin were not 
significantly different from one another, but the intra- 
gastric response to saline was significantly lower than 
the intragastric response to albumin. Moreover, 
intragastric concentration of IRG was linearly 


* «related to the pH of the gastric juice, while the serum 


concentration of IRG was unrelated to the pH of the 
gastric juice. As did our in vitro data (Fiddian-Green 
et al., 1976), these in vivo data suggest that the release 
of IRG into the serum may vary independently of its 
release into the gastric juice, and that the pattern of its 


* 


release into the gastric juice cannot be inferred from 
the pattern of its release into the serum. 

Although markedly reduced, the release of IRG 
into the serum and gastric juice was not abolished by 
vagotomy and Billroth I antrectomy. The persistence 
of IRG release into the gastric juice may have been 
due to the release of residual antral gastrin or of 
duodenal gastrin. The detection of residual antral 
gastrin release would have been enhanced bv the 
concurrent inhibition of acid and pepsin secretion. 
The detection of duodenal gastrin release into the 
gastric juice would also have been enhanced by the 
free reflux of duodenal juice into the gastric remnant. 
Contamination by duodenal juice may have led to 
artifactual measurements (Strauss and Yalow, 1976), 
but no significant amounts of IRG could be detected 
in the basal samples of gastric juice (Table 1). Further 
studies are necessary to determine the nature and 
origin of the IRG that was detected in the gastric 
juice after vagotomy and Billroth 1 antrectomy. 

The physiological implications of finding gastrin in 
the gastric juice have not been established in this 
study. Since chemicals can stimulate gastric acid 
secretion by acting directly on the luminal surface of 
the parietal mucosa (Debas and Grossman, 1975), and 
since the ingestion of pentagastrin stimulates gastric 
acid secretion in man (Morrell and Keynes, 1975), it 
is tempting to speculate that one of its actions might 
be to stimulate gastric acid secretion by acting 
directly on the luminal surface of the parietal mucosa. 
In such an event, by degrading gastrin in acidic gastric 
juice (Fiddian-Green et al., 1977), pepsin would act 
as an inhibitor of gastrin-mediated gastric acid 
secretion. This suggestion is consistent with the 
evidence that duodenal acidification inhibits gastric 
acid secretion but stimulates pepsinogen secretion 
(Brooks et al., 1969). Further studies are necessary to 
establish the physiological significance of the presence 
of gastrin in the gastric juice. 
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The insulin infusion test: a safe procedure? 
B. C. DE VRIES, H. C. HOLTKAMP, P. J. J. LEEUWERIK AND 


THE LATE H. MULLER* 


SUMMARY 

One hundred and thirty insulin infusion tests (dose 
0-05 u kg-! h>) were carried out in 87 patients with 
peptic ulcer or after a vagotomy. During the test ECG 
tracings were taken and blood was sampled for blood 
glucose and serum potassium determination. 

In 31 per cent of the tests electrocardiographic 
changes were seen. The cardiovascular effects were 
supraventricular and ventricular ectopic beats, ST-T 
changes and U waves. In 2 tests there were potentially 
dangerous arrhythmias. 

A significant relationship was seen between ECG 
abnormalities and the age of the patients. Such a rela- 
tionship was not present between ECG changes and 
glucose and potassium values. 

It is concluded that the insulin infusion test is 
probably safer than the conventional Hollander test, 
but constant monitoring is still required. 


VAGOTOMY now has an established place in the surgery 
of peptic ulcer. One way to assess the completeness of 
vagotomy is to use the Hollander test; this measures 
the gastric acid response to hypoglycaemia and 
requires an intravenous injection of regular insulin. 
Though recurrent ulcers are almost always associated 
with incomplete vagotomy, the incidence of incomplete 
vagotomy evaluated by the insulin test is very much 
higher than the incidence of recurrent ulcer. Gillespie 
et al. (1970) found a 50 per cent incidence of in- 
complete vagotomy 4 years after truncal vagotomy. 
Lyndon et al. (1975) found an incidence of positive 
insulin tests in 94 per cent of cases 3 years after highly 
selective vagotomy. It is unlikely that all these cases 
had an incomplete vagotomy. Nevertheless, the insulin 
test—performed 14 days after the operation—is 
helpful in assessing the efficiency of the vagotomist 
(Johnston et al., 1975) and is valuable as a diagnostic 
criterion in the evaluation of post-vagotomy dys- 
pepsia (Cowley and Baron, 1973). The conventional 
Hollander test (Hollander, 1946; Read and Doherty, 
1970) is potentially dangerous, and this has led Carter 
et al. (1972) to develop an insulin infusion test aimed 
at reducing the severity of hypoglycaemic symptoms. 
There is a good correlation between the peak acid 
output induced by insulin infusion and that noted 
during the Hollander test (Carter et al., 1973; de Vries 
et al., 1973; Girvan et al., 1975). 

The present investigation was designed to study the 
safety of the insulin infusion test and the relation 
between ECG abnormalities and age, serum potassium 
and blood glucose values. 


Patients and methods 
One hundred and thirty insulin infusion tests were carried out 
in 87 patients with a peptic ulcer. Forty-six tests were done 
before vagotomy with or without a drainage procedure, 63 
tests 14 days after the operation and 21 tests | year after 
vagotomy. 

This series of patients was not unselected. Patients with 
ECG abnormalities or over the age of 70 were denied the 
procedure. 


The technique of the insulin infusion test has previously been 
reported in detail (de Vries et al., 1973). After a 12-h overnight 
fast a nasogastric tube was passed and its ideal gastric position 
determined by fluoroscopy. Basal gastric secretions were 
collected for 60 min before starting insulin infusion (0-05 u 
kg"? h^. Gastric juice was then collected at 15 min intervals 
during the 2-5-h infusion. During the test, samples of venous 
blood were obtained every 15 min. Blood glucose levels were 
determined with a Technicon autoanalyser utilizing the 
Hoffman ferricyanide method and serum potassium levels were 
measured by flame photometry. Throughout the test an ECG 
tracing was taken every 15 min from standard lead VI. 


Resuits 
With regard to blood glucose and serum potassium 
values the following terminology was used: 

1. The ‘lowest level’, this being the lowest recorded 
during the test. 

2. The ‘plateau level’, this being the mean of all 
readings during the last 1-5 h of the test. 

3. The absolute fall, this being the difference of the 
fasting and the lowest values. 

4. The ‘fall rapidity’, this being the time needed 
after starting the infusion to reach the lowest level. 

All these values are expressed as mmol/l blood 
glucose and mmol/l serum potassium. 

Electrocardiographic abnormalities were seen in 41 
tests (31 per cent). The changes were composed of 
supraventricular ectopic beats, ventricular ectopic 
beats, ST-T changes and U waves (Table 1). In 7 
patients more than one abnormality was seen. 
Changes were seen only after 60 min. 

Relations were sought between the incidence of 
ECG changes and the lowest and plateau levels, the 
absolute fall and fall rapidity of blood glucose and 
serum potassium and the age of the patients, using 
the Mann-Whitney U test. 

Initially, only the first test performed in each 
patient was included in the analysis (46 tests before 
operation, 32 tests 14 days after and 9 tests 1 year after 
vagotomy). The only significant result was that 
patients with ECG changes were older (P « 0-01) than 
those without ECG changes. Chiefly ST-T changes 
(P « 0:02) were responsible for this result. 

Including all 130 tests in the analysis, a significant 
relation between ST-T changes and increasing age 
was in existence before the operation (P<0-05) but 
not 14 days after the operation (P = 0-12). The pro- 
portion of patients showing ST-T changes in each 
age group Is shown in Table II. 


Discussion 
The conventional insulin test, when used to confirm 
completeness of gastric vagal denervation, is a 
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Table I: ECG ABNORMALITIES DURING INSULIN 
INFUSION 


ECG changes No. of tests p 
Supraventricular ectopic beats 7 5 
Ventricular ectopic beats 

2-6/min 7 5 
16/min i 1 
Idioventricular rhythm 1 l 
T wave changes 39 23 
U waves 2 2 





Table H: PATIENTS IN EACH AGE GROUP 
SHOWING ST-T CHANGES BEFORE, 14 DAYS AND 
1 YEAR AFTER VAGOTOMY 


Before 14 d after 1 yr after 
vagotomy vagotomy vagotomy 
No. showing No. showing No. showing 
Age (yr) changes changes changes 
11-20 0 (0) 0 (1)* 0 (0) 
21-30 0 (2)* 2 (2) 0 (0) 
31-40 0 (10) 1 (9) 0 (4)* 
41-50 5 (10) § (1D 0 (5) 
51-60 5 (10) 2 (16) 0 (8) 
61—70 1 (2) 4 (3S) 2 (2) 
71-80 0 (0) 3 (2) 0 (0) 


* Figures in parentheses show number in group without 
changes. 


potentially dangerous procedure. The profound hypo- 
glycaemia obtained by a single intravenous dose of 
insulin is responsible for unpleasant symptoms and 
electrocardiographic changes. In a prospective study 
consequent upon a fatal case, Read and Doherty 
(1970) showed ECG abnormalities in 77 per cent of 
44 patients during the Hollander test; ST-T changes 
were seen in 75 per cent and arrhythmias in 45 per 
cent— potentially serious arrhythmias were present in 
23 per cent. The series of patients was not unselected. 
Patients with heart disease, old age or general debility 
were not included. 

With the object of reducing the severity of hypo- 
glycaemia, the continuous insulin infusion test has 
been developed (Carter et al., 1973). However, electro- 
cardiographic changes were seen in our prospective, 
but not unselected, study in 31 per cent of 130 insulin 
infusion tests. Potentially dangerous abnormalities 
were seen in 2 tests. No relation was found between 
ECG abnormalities and serum potassium values. This 
is in agreement with the studies of Leak and Starr 
(1962) and Read and Doherty (1970). The changes 
are not prevented by hexamethonium (Judson and 
Hollander, 1956) or phentolamine (Egeli and Berkmen, 
1960). The only useful method of preventing ECG 
changes seems to be administration of propanolol in 
a high dose (Read et al, 1972), and it is therefore 
likely that circulating catecholamines are responsible 
for the abnormal ECG findings. Goldfien et al. (1961) 
showed that during hypoglycaemia there is a rise in 
circulating catecholamines. Unfortunately, because of 
the inhibitory effect of propanolol on acid secretion, 
oo the results of an insulin test (Read et al., 
1972). 

Though we have not performed a randomized trial, 
our results suggest that in comparison with the 
findings of other workers, the insulin infusion test is 


a safer procedure than the conventional Hollander 
test. However, the appearance of some potentially 
dangerous arrhythmias shows that the infusion test is 
not entirely benign. The test should not be used in 
patients with an abnormal electrocardiogram, a 
history of cardiac arrhythmias or of significant 
cardiac disease, or in a patient older than 70 years. 
Constant observation of the ECG during the test is 
required. 
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Operative intubation in the treatment of complicated 


small bowel obstruction 


ALEXANDER MUNRO AND PETER F. JONES* 


SUMMARY 
Intestinal intubation carried out. at laparotomy for 
complicated small bowel obstruction is not yet a generally 
accepted technique. Experience in 32 patients has 
shown that it is safe and effective. The procedure was 
initially described in North America for use in recurrent 
adhesive small intestinal obstruction but the indications 
have been extended and it has proved of value in other 
difficult situations. 

A technique for intubation is described and the results 
obtained in various clinical situations are given. 


RECURRING small intestinal obstruction due to 
adhesions is a familiar and unpleasant problem for the 
abdominal surgeon. Each time a laparotomy is under- 
taken the procedure becomes more difficult and the 
outcome for the unfortunate patient less certain. 

There is no reliable method as yet of preventing the 
formation of adhesions, so attempts to forestall further 
episodes of obstruction must be aimed at producing 
‘controlled adhesions’, which will allow loops of the 
small intestine to adhere permanently to each other 
in an orderly pattern. These adhesions can be 
promoted in two ways: by sutures which hold adjacent 
loops of intestine in contact for long enough to allow 
them to adhere to each other (Noble, 1937; Childs and 
Phillips, 1960); or by threading a tube down the whole 
length of the small intestine, which will, by its intrinsic 
stiffness, prevent kinking whilst adhesions form 
(White, 1956; Baker, 1968). 

The suture method is not without risks of immediate 
and later complications. The intubation method 
appears to be both safe and effective and has been 
used by a number of surgeons in North America, but 
it does not seem to be much practised in this country. 
Intubation of the intestine via an abdominal incision 
was first suggested by Devine in 1946 for the treatment 
of patients with unremitting paralytic ileus. White, in 
1956, threaded a Miller-Abbott tube through the 
whole length of the small intestine when operating for 
recurrent adhesive intestinal obstruction with the 
object of forming ‘controlled adhesions’ by main- 
taining internal splintage. 

In 1959 Baker described a Foley-type catheter, 40 in 
long, which was introduced through a jejunostomy 
and used to keep obstructed bowel decompressed. In 
1968 Baker made a detailed report on the use of this 
tube to promote controlled adhesions in 52 obstructed 
patients, with a very low recurrence rate. At the same 
time, Whelan reported from Vietnam on the value of 
Baker’s tube in the management of penetrating ab- 
dominal injuries (Whelan, 1968). The present authors 
first used the technique 44 years ago in the case 
reported below and were impressed with the help it 
provided in a difficult situation. Since then, the 
indications have been extended. This paper reviews 
previous reports on intestinal intubation and describes 
our Own experience. 


Case report 

Ten years ago, Mrs J. S, was 57 years old when she was treated 
in a cottage hospital for a strangulated femoral hernia. After 
resection of gangrenous ileum, intestinal obstruction recurred, 
requiring two further laparotomies, at the second of which an 
ileoileostomy was made to bypass an obstructed loop. Over the 
next 5 years she suffered recurrent obstructive episodes which 
settled spontaneously on conservative treatment, but she then 
had a further episode of obstruction which did not resolve and 
she was admitted to hospital under our care. 

At laparotomy the ileum was released from a number of 
adhesions but obstruction recurred, and at another laparotomy 
3 weeks later there were dense generalized adhesions; the only 
feasible procedure was to perform a gastrostomy and insert a 
tube into the lowest loop of distended small bowel as an 
enterostomy. The patient was fed intravenously for 5 weeks and 
she slowly recovered but over the following year episodes of 
obstruction came and went and X-rays always showed some 
dilated loops of bowel containing fluid levels. One year after her 
last operation an abscess formed on the abdominal wall, 
discharged and proved to be a small bowel fistula. Because it 
was clear that the patient would not improve without further 
surgery another laparotomy was undertaken and this time we 
decided to try out the method of intestinal intubation described 
by Baker (1968). At operation the peritoneal cavity appeared 
to be obliterated by adhesions but the small intestine was freed 
completely, the blind ileal loop excised, five holes in the intestine 
repaired and a fresh ileoileal anastomosis made. Finally, a 
Miller-Abbott tube was inserted through a high jejunostomy 
and passed down the whole length of the small intestine. 

Recovery was slow but uneventful and the tube was with- 
drawn after 3 weeks. 'There has been no recurrence of obstruc- 
tion. 


Method 


The tube 

The intestinal tube should be at least 300 cm (10 ft) long so 
that when the small intestine is threaded on to it there is no 
pleating of the bowel. In adults an 18 FG tube is suitable. The 
pliability of the tubing must be such that it will bend readily 
into a semicircle 5 cm in diameter without kinking. The material 
used for the tubing should not deteriorate in contact with 
intestinal secretions. 

We found that the tube made to Baker's (1968) specifications 
was not available in this country and we therefore used a 
Miller-Abbott tube (H. W. Andersen Products Inc.) This 
tube is not ideal because the balloon is too large and delicate, 
but the size of the balloon can be altered by tying a piece of 
thread around it just distal to the end of the tube and cutting 
off the remainder of the balloon. When inflated the balloon 
should be tense and measure 1:5-2 cm in diameter. 

We have recently tested a prototype tube made specifically 
to our requirements. This tube has proved satisfactory and is 
essentially a very long Foley-type catheter made of PVC. It is 
similar to the tube designed by Baker (1968) but is slightly 
longer and small side holes are cut at 15 cm intervals along the 
distal half.t 


* Alexander Munro, Aberdeen Hospitals; Peter F. Jones, 
Woodend General Hospital and Royal Aberdeen Children's 
Hospital, Aberdeen. 

Correspondence to P. F. Jones, Woodend General Hospital, 
Aberdeen. 

t This tube is now being manufactured by J. G. Franklin and 
Sons (Code no. 463018). 
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Fig. 1. Line diagram to show the principal features of the 
intestinal tube. Note the double-lumen tube, with the balloon 
inflated in the caecum; the side holes to decompress the small 
intestine; the sutures attaching the jejunostomy site to parietal 
peritoneum. 


Fig. 2. Plain X-ray film of the abdomen 10 days after 
operation. 


Infants and children 

When performing this procedure on babies and infants a 
smaller tube must be used. Our youngest patient was a baby 9 
months old who suffered a mid-gut volvulus for the third time. 
In this case we used 12 FG Portex tubing and to assist in draw- 
ing the tube through the bowel, 1 cm of the tip of the tube was 
turned back through 180? and tied tightly with thread to 
produce a knuckle on which gentle traction could be applied. 
The tube was introduced via a gastrostomy, as suggested by 


Ravitch and Cherry (1968). In the absence of a balloon which 
could be inflated in the caecum, we secured the distal end of the 
tube by bringing it out through a caecotomy. 

In patients aged about 8 years and upwards an adult-size 
tube can be used. 


Operative technique (Fig. 1) 

After the division of all adhesions, any injuries to the intestine 
are repaired with interrupted Gambee (1951) sutures of 3/0 silk. 
The obstructed bowel is then decompressed by retrograde 
stripping into the stomach (Jones and Matheson, 1968). A 
small incision is now made in the abdominal wall in the left 
flank and the tube is pulled through into the peritoneal cavity. 
A purse-string suture of 2/0 chromic catgut is placed on the 
antimesenteric border of the jejunum 10-15 cm distal to the 
duodenojejunal flexure, the bowel wall incised, the tube fed 
into the jejunum and the suture tightened around it. The 
balloon is now inflated and is used to draw the tube down the 
whole length of the small intestine. The ballon is usually of most 
help if it is blown up hard, so that it can be easily manipulated 
along the intestine. Especially in obstructed bowel, the process 
of intubation can be rapid, taking only 5 min, but if the bowel 
is of normal calibre the process can take 15-20 min. As the 
balloon is advanced small areas kinked by unnoticed adhesions 
may require straightening. In all cases (with the exception of 
those who have had right hemicolectomy performed) we have 
manipulated the deflated balloon through the ileocaecal valve 
and then reinflated the balloon to prevent retraction. 

When the length is satisfactorily adjusted, so that there is 
neither pleating of the bowel through failure to introduce 
sufficient tubing nor coiling of an excess of tubing in the bowel, 
the purse-string suture is finally tied. A second purse-string 
suture is inserted and tied around the first, to invaginate it, 
and left long. The tubing is gently drawn out of the stab 
incision until the jejunum comes to lie against parietal peri- 
toneum. The needle on the second purse-string suture is then 
passed through the peritoneum at this point and the suture 
tied, so holding the jejunum firmly up against the abdominal 
wall; we often insert an extra stitch to reinforce this suture. 
Finally, the tubing is secured firmly by a skin suture. It is 
important to ensure that the proximal jejunum at the site of 
intubation lies well, without kinking, and that the intestines lie 
in an orderly manner. 


Postoperative care 

The nasogastric tube need not be left in position for more than 
12—24 h after operation. The jejunostomy tube is attached to a 
closed drainage bag and put on gravity drainage. After a period 
of 24-48 h the tube often begins to produce intestinal contents. 
These are very variable in quantity and have ranged from 150 
to 1200 ml/24 h. When normal peristaltic sounds are heard and 
flatus is being passed per rectum, oral fluids can be given agid 
the tube spigotted off. Before removal of the tube, in a number 
of cases, radiographs were taken to demonstrate the position 
of the bowel loops (Fig. 2). The jejunostomy tube was left 
in situ for a period of 10-18 days, most being removed around 
12 days from the time of operation. 

Withdrawal of the tube takes about 5 min, with gentle 
sustained traction; although patients may be apprehensive, this 
has not proved to be an uncomfortable procedure. There is 
often leakage of small bowel contents around the jejunostomy 
tube after it has been in place for about 10 days but this has 
always ceased after withdrawal of the tube, and the skin 
wound has healed within a week. 


Indications for use 

Recurrent small bowel obstruction 

We have used this procedure on 8 patients who had 
required at least one previous operation for adhesive 
intestinal obstruction; 3 had undergone multiple 
previous laparotomies for this reason (Table I). Two 
patients had undergone a Noble's plication in our unit, 
7 years and 1 year respectively before the intubation 
operation ; 3 required a resection of the small intestine 
at the time of intubation. Some of these operations 
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Table 1: INTUBATION IN RECURRENT ADHESIVE SMALL BOWEL OBSTRUCTION 


Previous episodes of Laparotomy findings and Follow- 
Patient Primary operation Obstruction* procedure Outcome up 
K. C. 1970 Intussusception 1971 Small bowel obstruction — 1972 Adhesive obstruction; Tube removed at 44 vr 
(6 yr) reduced due to adhesions; laparotomy; intubation of small bowel 10d 
small bowel resection Good recovery 
J. S. 1967 Strangulated 1967 Two laparotomies for 1972 Adhesive obstruction; Tube removed at 4i yr 
(65 vr) femoral hernia; adhesive obstruction; bypass laparotomy; resection of 3 wk 
small bowel of distal ileum bypassed area of ileum with Good recovery 
resection 1970 Small bowel obstruction; end-to-end anastomosis; 
conservative treatment intubation of small bowel 
1971 Laparotomy for small 
bowel obstruction. Noble 
plication; 2 weeks later 
further laparotomy, 
gastrostomy and jejunostomy 
E. F. 1963 Colectomy with June 1969 Intestinal obstruc- 1976 Laparotomy for adhesive Tube removed at 6 mth 
(50 yr) lleorectal tion; conservative treatment obstruction; separation of i0 d 
anastomosis 1969 Laparotomy with division adhesions; intubation of Good recovery 
of adhesions; 2 weeks later small bowel 
still obstructed; Noble 
plication 
1976 Chronic incomplete small 
bowel obstruction 
V. F. 1932 Appendicitis 1953 Adhesive obstruction; 1973 Laparotomy for adhesive Tube removed at 34 yr 
(53 vr) laparotomy obstruction; intubation of 12 d 
1960 Adhesive obstruction; small bowel Uneventful 
laparotomy recovery 
1963 Small bowel obstruction; 
Conservative treatment 
1965 Adhesive obstruction: 
laparotomy 
A. S. 25.11.74 Admitted with small — 30.11.74 Obstruction recurred; Colostomy closed 2 yr 
(69 yr) bowel obstruction; small bowel freed; intuba- few months later 
laparotomy; adhesions to tion of small intestine; Good recovery 
abscess around sigmoid sigmoid resection 
colon; small bowel separated; 
transverse colostomy 
D. D. 1948 Ileotransverse — 1970 Laparotomy for small April 1975 Jejunal resection Tube removed at ig vr 
(51 vr) colostomy for bowel obstruction; and right hemicolectomy; {od 
Crohn’s disease adhesions and small bowel intubation of small intestine Good recovery 
1958 Attempted enterolith 
hysterectomy; 1974 Small bowel obstruction; 
abandoned because conservative treatment 
of adhesions 1975 Small bowel obstruction; 
conservative treatment 
G. S. 12.3.76 Laparotomy for small — 23.3.76, Obstruction recurred; Tube removed at l yr 
(56 yr) bowel obstruction; adhesions numerous fibrinous lo d 
to terminal ileum adhesions divided; small Uneventful 
bowel intubation recovery 
D, K. Appendicectomy in December 1975 Adhesive 1977 Adhesive obstruction; Tube removed at 3 mth 
143 yr) childhood obstruction; laparotomy adhesions divided ; small 12d 
March 1975 August 1976 Adhesive bowel intubation Slow recovery 
Hysterectomy obstruction; laparotomy and occasional 
August 1976 Ovarian attacks of colic 
cystectomv 





* [ncluding operations for adhesive obstruction. 


were tedious and difficult, and in 2 patients holes 
were accidentally made in the obstructed small bowel 
during dissection. It was reassuring to know that the 
side holes in the tubing would allow decompression 
of the damaged bowel while it healed and that, if 
intubation achieved its objective, it would not be 
necessary to repeat such operations. 

The longest follow-up is 41 years and the average is 
24 years; so far there has been no recurrence of 
intestinal obstruction, but one patient has intermittent 
episodes of intestinal colic. 

These good results suggested that it would be worth 
offering the advantages of intubation to a wider range 
of patients and we recognize four other indications. 


First episode of intestinal obstruction due to dense small 
bowel adhesions 

When intubation proved to be useful in our earlier 
patients it was decided to extend its use to patients who 
required a first laparotomy for small bowel obstruc- 
tion with extensive adhesions. We hoped that future 
adhesive obstruction would thus be prevented. 

In 10 of the 11 cases in this group the adhesions 
were presumed to be secondary to previous surgery 
and in the eleventh patient, who had no previous 
operation, the whole small bowel was matted together 
by dense adhesions. In several patients, when separa- 
tion had been completed, large areas of the small 
intestine were denuded of serosa. 
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126 Alexander Munro and Peter F. Jones 

All these patients have pursued an uncomplicated 
postoperative course and none has developed further 
episodes of intestinal obstruction. Four of the opera- 
tions have been carried out in the past few months 
but the average follow-up of the others is 24 years. 


General peritonitis 

When general peritonitis occurs there is always a 
marked fibrinous exudate over the surface of exposed 
bowel, there is often a degree of intestinal obstruction 
which may be both paralytic and mechanical in 
origin, and it is common to find loculi of pus trapped 
between adherent loops of intestine. 

We believe that there is a good case for intubation 
at the time of operation for peritonitis, rather than 
at a more difficult and dangerous second operation, 
as suggested by Luck and Eastcott (1961). We have 
done this in 6 patients, 3 of whom had a perforated 
colon with widespread faecal contamination. Two 
other patients were operated on for neglected 
perforated appendicitis with established interloop 
abscesses containing large quantities of pus. 

Following colonic resection or appendicectomy the 
whole of the small bowel was freed and the entire 
intestine and peritoneal cavity, including the sub- 
diaphragmatic spaces, were thoroughly washed with 
several litres of solution containing 0-1 per cent tetra- 
cycline in normal saline. Intubation of the small bowel 
was carried out in the usual way. 

The intestinal tube was removed 10 days after the 
operation in 4 cases and in 2 cases the tube was left in 
situ for 14 and 17 days respectively because of 
continued ileus. All made a complete recovery and we 
did not experience recurrent intestinal obstruction in 
any of these patients, nor was residual intraperitoneal 
sepsis encountered. 


Prophylactic intubation 

Our encouraging experience of intubation in obstructed 
patients led us to consider this procedure as a prophy- 
lactic measure in patients who appeared to be at 
particular risk of later adhesive obstruction, even 
when there was no evidence of this at the time of 
operation. We have carried out such intubation in 
two groups of patients. 

I. Patients who, at laparotomy, are found to have 
dense multiple adhesions which have to be separated 
in the course of carrying out the operation. There 
were 6 patients in this group; 5 had had a previous 
operation for peritonitis due to colonic perforation 
and 4 were undergoing a restorative anastomosis of 
colon to rectum after an emergency Hartmann's 
resection for perforated diverticular disease. The 
sixth patient was having a very large incisional hernia 
repaired and it seemed particularly important that his 
abdomen should not become distended postoperatively 
(White, 1956). 

2. Patients who, though having no evidence of 
adhesion formation, are undergoing surgery which 
carries a particularly high later risk of adhesive 
Obstruction, e.g. proctocolectomy for colitis. 

We have been impressed by the speedy recovery of 
intestinal function in these patients. There have been 
no subsequent obstructive episodes. 


Discussion 
Fibrinous adhesions form after every laparotomy and 
it has been suggested that some may be lysed by the 


action of proteolytic enzymes (Jackson, 1958); those 
that remain tend to become organized. Experience 
suggests that many of these remain quite silent; that 
some patients have a marked ability to absorb 
adhesions, but that others are particularly able to 
produce and maintain them. The only preventive 
action appropriate at present is to select patients in 
whom it is wise to promote the formation of ‘con- 
trolled adhesions’ (White, 1956). 

Noble (1937) suggested that when a loop of small 
bowel was dissected free of adhesions with loss of 
serosa, this area should be covered by suturing it to 
the adjacent loop of bowel; this process, when 
repeated, led to the small intestine being sutured 
together in an orderly ladder pattern. The major 
objections to this method are that it is time-consuming, 
unreliable and has a high complication rate. Wilson 
(1964) reported 7 deaths and 24 recurrent obstructions 
among 127 Noble procedures. The modification 
introduced by Childs and Phillips (1960) takes less 
time but it may also be associated with complications, 
and when used in patients with peritonitis carries a 
high mortality (McCarthy, 1975). Thus, a safer and 
quicker operation would be welcome, and intestinal 
intubation seems a worthwhile alternative. 

The only animal experiments designed to show the 
effects of intubation of the small intestine (Heydinger 
et al., 1960) suggest that adequate adhesions will have 
formed between loops of small intestine in 10 days, 
and clinical experience of this technique has also led 
surgeons to recommend leaving the tube in situ for 
about IO days (White, 1956; Baker, 1968; Grosfield 
et al., 1975). We generally leave the tube in situ for 
10-14 days and the radiographs taken with the tube 
in situ suggest that a favourable position of the bowel 
is maintained during that time. Small bowel barium 
studies carried out several years after intubation 
would be of interest, but so far such studies have not 
been required. 

The upper jejunum is the site favoured by most 
surgeons for insertion of the intestinal tube (Baker, 
1968; Behrend and Piezas, 1969; Markee and Uhlig, 
1971). One case of obstruction at the site of the 
Witzel jejunostomy has been described (Baker, 1968), 
and Baker (1968) and Markee and Uhlig (1971) 
mentioned persistent jejunal fistulas after removal of 
the jejunal tube in 2 patients, one of which closed off 
spontaneously after one month while the other 
patient died. However, we have now used the proximal 
jejunum as the site for insertion of the tube in 31 
patients and so far we are satisfied that it is trouble- 
free, and of particular importance is the fact that in 
each case the jejunostomy site has healed over within 
| week of removal of the tube. Other surgeons 
(Richard and Green, 1969) have preferred to insert the 
intestinal tube through a gastrostomy, but we do not 
favour this procedure except in neonates and small 
children, when we would agree with Grosfield et al. 
(1975) that the stomach is the site of choice. In our 
experience gastrostomy is much easier to perform and 
carries a lower complication rate in children than in 
adult patients. 

We have placed more emphasis than other surgeons 
on the value of continued decompression of the small 
intestine. Baker's tube has holes only at the end of the 
tube beyond the balloon so that the bowel can be 
decompressed at the time of operation, but we feel 
that if this tube is fed into the distal ileum or into the 
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Table H: RESULTS OF OPERATIVE INTUBATION OF THE SMALL INTESTINE 
Mortality 
No. of cases related to Recurrence of small bowel Length of 
Authors operated on Reason for intubation operation obstruction follow-up 
Baker (1968) 46 Recurrent small bowel — 4 1 Requiring operation 2-15 yr 
obstruction 3 No operation 
Markee and 49 33 Small bowel obstruction l 2 1 Requiring operation 0-4 yr 
Uhlig (1971) 11 Prophylactic i1 No operation 
5 Decompression 
White (1956) 16 4 Recurrent obstruction l 1 1 Requiring operation 0-6 yr 
12 First laparotomy for (? pulmonary 
obstruction embolus) 
Richard and 18 Acute and chronic — 1 Not stated 
Green (1969) obstructions 
Heydinger et al. 10 7 Small bowel obstruction _ None Short term 
(1960) 3 Small bowel obstruction 
associated with 
peritonitis 
Present series 32 6 Peritonitis — None 0-5 yr 
8 Recurrent obstruction 
11 First laparotomy for 
obstruction 
7 Prophylactic 
caecum then the rest of the bowel may be incom- References 


pletely emptied in the postoperative period. By cutting 
small side holes along the length of our tubes we feel 
that more adequate decompression can be achieved in 
the postoperative period. There is no convincing 
evidence that decompression of the bowel will expedite 
the return of intestinal motility, but it may be of help 
in reducing the kinking associated with gross intestinal 
distension and also in allowing healing to take place 
when bowel anastomoses are made in adverse 
circumstances, 

The value of intubation in preventing recurrent 
small bowel obstruction is not easily proved, and only 
long term follow-up of these patients and comparison 
with a control group could give a definite answer. 
From the results collected in Table 11, it can be seen 
that 139 patients have had intubation carried out for 
adhesive intestinal obstruction. There were 2 deaths 
possibly related to the operation and 8 patients with 
possible recurrent obstruction in the follow-up period. 
Three of the patients with recurrent obstruction re- 
quired operation but only 1 of these was found to have 
recmrrent adhesive obstruction at operation. The 
length of follow-up since operation is in many 


"cases still short, but considering the complexity of 


many of the cases, the results of intubation are very 
encouraging. 

The extension of the indications for intubation to 
patients with peritonitis is more controversial but the 
basis of the procedure appears to be sound, and we 
have been impressed, as were Heydinger et al. (1960) 
and Luck and Eastcott (1961), with the absence of 
signs of prolonged ileus and the smooth recovery of 
these patients. 

Whether intubation should be extended to patients 
undergoing, for example, panproctocolectomy, needs 
further examination. There is no doubt that the 
incidence of postoperative adhesive obstruction after 
this operation is exceptionally high (Ritchie, 1971). 

Operative intubation has now been used by the 
authors in 32 patients of all ages and has proved to be 
safe and free of complications. These results, and those 
of other surgeons, suggest that the technique should 
be recognized as a useful addition to surgical practice. 
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Evaporative water loss in adult surgical 


patients in the Sudan 
A. KAMBAL:* 


SUMMARY 
Evaporative water loss and urine volume were investi- 
gated in 65 healthy adult Sudanese male surgical patients 
in Khartoum. The mean evaporative water loss per day 
was found to be 3063 g in the hot dry season and 667 g 
in the cold dry season. The mean 24-h urine volume was 
found to be 594 and 1515 ml respectively. 

There was a significant correlation between evapora- 
tive water loss and the air temperature and the effective 
temperature. 

These findings support the results reported from 
other parts of the tropics that the values for evaporative 
water loss and urine volume quoted for temperate 
climates are not representative of those encountered in 
the tropics. 


KNOWLEDGE of the amount of water lost to the body 
by evaporation from the skin and lungs is essential for 
accurate fluid replacement. The rate of this evapora- 
tion is influenced, amongst other factors, by the 
atmospheric temperature, the relative humidity and 
air movement (Cronkite, 1973). These climatological 
factors vary from one part of the world to another, 
and the amount of water lost by evaporation must 
therefore vary accordingly. Recent reports (Tinckler, 
1966; Elebute, 1969) support this concept and indicate 
that evaporative water loss in the tropics far exceeds 
that in temperate climates. 

The purpose of this paper is to report on the 
investigation of evaporative water loss and urine out- 
put in adult male Sudanese surgical patients. 


Patients and methods 

Patients were selected. from a general surgical ward in 
Khartoum Hospital. All were healthy adult males with minor 
surgical conditions. None had any disturbance of water or 
electrolyte balance, kidnev or liver disease or nutritional 
abnormality. The investigation was carried out on 31 patients 
during May and June, the hottest months of the year, and on 
34 patients during January, the coldest. 

The investigation of each patient lasted for 24 h. The patient 
was weighed, after having emptied his bladder, at the beginning 
and end of the investigation. During the 24-h period, the fluid 
intake and urine output were recorded. No patient had 
abnormal extrarenal fluid losses. Solid food was weighed and 
representative samples were dried in an oven to determine the 


output). Surface area was calculated from a normogram based 
on the Du Bois-Mech formula (Consolazio et al., 1963). The 
lean body mass was predicted from height and weight according 
to Hume (1966). 

Climatological data for the period of the investigation were 
collected with the help of the meteorological department. Drv 
bulb temperature, wet bulb temperature, relative humidity and 
wind speed were observed at 6-hourly intervals starting at 
6.00a.m. The effective temperature was obtained from 
relevant charts using dry bulb temperature, wet bulb tempera- 
ture and wind speed (Bedford, 1940). 


Results 
The mean evaporative water loss per patient per day 
was found to be 667 g in January and 3063 g in May 
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and June. The mean daily urine volume was 1515 and 
594 ml in the two seasons respectively (Table I). The 
climatological conditions under which the investiga- 
tion was performed are shown in Table H. There was 
a significant correlation between the mean evaporative 
water loss for each group of patients and the mean 
dry bulb temperature (P «0-001) (Fig. 1). Similarly, 
a significant correlation was found between the 
evaporative water loss and the mean effective tempera- 
ture (Fig. 2). 

No correlation was found between the evaporative 
water loss and the relative humidity, body weight, 
d mass, height, age, surface area or total fluid 
intake. 


Table I: EVAPORATIVE FLUID LOSS AND URINE 
VOLUME 





Fluid Fluid Urine 

loss/ loss m7? d^? vol/d 

No. of (g) (g) (ml) 
Month subjects Mean s.d. Mean s.d. Mean sd. 
January 34 667 223 398 123 1515 485 
May~June 3l 3063 581  177| 297 594 172 
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Table H: CLIMATOLOGICAL DATA 





Mean Mean 
Mean dry Mean wet effective relative 
bulbtemp. bulb temp. temp. humidity 
Month (CC) (C) CC) (94) 
January 22-25 13-14 15-17 17-33 
May-June 33-37 19-23 24-27 17-32 
Discussion 


It is generally agreed that evaporation of water from 
the skin and lungs is influenced by ambient climate 
conditions (Cronkite, 1973). Hale et al. (1958) have 
demonstrated experimentally that total body wejght 
loss in à sweat-free subject is inversely proportional to 
water vapour pressure and barometric pressure. Vaso-« 
motor control occurs at an air temperature of 25- 
29 "C, and above 33 ^C the only way in which man 
loses heat is by sweating (Rahn, 1947). Table H shows 
that the minimum mean air temperature during May 
and June was 33°C. Therefore, the weight loss 
recorded in these patients represents both insensibie 
perspiration and visible sweating. 

Although the relation. between ambient climatic 
conditions and evaporation from the skin and lungs 
had long been observed, Tinckler (1966) was the first 
to demonstrate that evaporative fluid loss in the tropics 
far exceeds that in temperate climates. He made his 
Observations on patients in Quatar and Bahrain in the 
Persian Gulf during the summer. He found the mean ' 
evaporative water loss per day to be 1763 g. This 
differs substantially from the amount accepted for 
patients living under temperate climatic conditions 
(Le Quesne, 1957). Elebute (1969, 1974) reported a 





* Khartoum North Hospital, Khartoum North, Sudan. 
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mean loss of 1710 g per day for Nigerian adults in 4000 
Lagos. He found a seasonal variation of over 500 ml 

per day between the hot dry and the cool wet seasons 

(Table HI). 

The present work shows that in Khartoum, Sudan, 
the mean evaporative water loss is about 31 during 3000 
the hot dry summer months and 667 ml during the 
relatively cold dry winter. The figures during the hot 
dry season are higher than those quoted for either 
Nigeria or the Persian Gulf. Khartoum, being on the 
fringe of the Sahara Desert, is much dryer and 
probably warmer than either Lagos or Quatar and 
Bahrain. 

The figures quoted from Greece (Dosios et al., 1974) 
show that in Athens, where the temperature is lower, 
the mean evaporative water loss is less than that in the 
tropics (Table HI). 1000 

Khogali et al. (1970) reported on evaporative fluid 
loss in adults in Khartoum. Their study, however, 
was based on 4h of observation during the day. It 
was felt that the 4h of observation could not be 
representative of the whole day's losses in a town like 
Khartoum where it is decidedly cooler during the 25 30 35 
night than it is by day. The difference between the Mean daily temperature (°C) 
maximum day temperature and the minimum night Fig. 1. Correlation between mean daily temperature 
temperature ranges between 30 and 15 ^C in the hot — and evaporative fluid loss. r= -- 0-967; P<0-001; 
dry season and 20 and 5 ^C in the cool dry season. — y= 217:213x — 4545-53, 

Koghali et al. reported a mean evaporative water loss 
per day of 2580 g in February, 2539 g in April and 
3797 g in October. 4000 

The present investigation confirms | Elebute's 
Observation that evaporative water loss increases with 
environmental temperature (Elebute, 1974). We could 
not, however, confirm his observation that an inverse 3000 
relationship exists between evaporative water loss and 
the relative humidity. 

The effective temperature, which takes into consider- 
ation the wind speed as well as both dry and wet bulb 
temperatures, shows a direct relationship with 
evaporative water loss. 

The daily urine volume shows significant seasonal 
variation (Table I). In winter, the volume is the same 1000 
as that usually quoted for temperate climates. In 
summer, however, the mean daily urine volume is 
very much lower. Johnson et al. (1968) reported an 
average daily urine volume of 380ml for Arabs 
travelling in the Jordanian desert. Leithead and Menda °C 
Pallister (1960) found that British soldiers in Bahrain Seve ee pere ine 
produced an average of 567 ml of urine per day during Fig. 2. Correlation between effective temperature 
summer. This is Nature's way of conserving body and evaporative fluid loss. r = 0-939; P< 0-001; 
water in the face of heavy extrarenal losses or ^7 145169x --8226-48. 
insufficient water intake. This has an important 
bearing when the daily urine volume is used to ane | | 
assess the adequacy of hydration or renal function. Table III: EVAPORATIVE FLUID LOSS BASED ON 

The results of this and other similar investigations 74H STUDIES 
indicate that the values for evaporative water loss and 


2000 


Volume (ml) 








2000 


Volume (mi) 





Mean Mean 


: dry wet Mean 
urine volume vary from one region to another accord- Noof ^ bulb. bulb did 
ing to the ambient climatic conditions. In the same subjects temp. temp. — RH loss/d 
region significant seasonal variation may exist. It is Author studied CO CO) (%) (g) 
therefore relevant to suggest that normal values Tinckler (1966)* — 15  322-  267- 80 1763 
should be worked out locally and reliance should not 35 29-5 
be placed on figures or tables appertaining to other — Ejebute (1969)+ 35 29-348 — 73-85 1710 oe 
regions with different climatic conditions. Dosios et al. - a 204- == — PL  q480] 9*7 
The climate in Khartoum is fairly representative of (1974)1 30-8 65-7 


the climate in central and northern Sudan. In these * Location: Quatar and Bahrain, Persian Gulf. + Lagos, 
areas, therefore, due to the wide seasonal variation in Nigeria. t Athens, Greece. 

the amount of fluid lost by evaporation, no hard and g Maximum. || Preoperative patients. RH, relative 

fast rules can be made for fluid replacement. It would humidity. 
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be reasonable to suggest that a minimum allowance 
of 500 g should be made for evaporative water loss 
during the cold dry season. This amount should be 
increased as the temperature increases. At the height 
of the hot dry season up to 3500 g may be required to 
compensate for water loss by evaporation. Another 
guide to the adequacy of fluid replacement is the daily 
urine volume. In the presence of normal renal function, 
one should aim at a minimum urine output of 400 ml 
per day during all seasons. 


References 

BEDFORD T. (1940) Environmental Warmth and its Measure- 
ment, Medical Research Council War Memorandum no. 
17, London, HMSO. 

CONSOLAZIO C. F., JOHNSON R, E. and PECORA L. J. (1963) Physio- 
logical Measurements of Metabolic Functions in Man. New 
York, McGraw-Hill, p. 27. 

CRONKITE E. L. (1973) Fluid distribution and exchange. In: 
BROBECK J. R. (ed.) Best and Taylor's Physiological Basis of 
Medical Practice, 9th ed. Baltimore. Williams & Wilkins, 
pp. 4-113—4-129, 

DOSIOS T., BILLIS A. and SKALEAS G. (1974) Evaporative water 
loss of adult surgical patients in Greece. Am. J. Surg. 
128, 15-18. 

ELEBUTE E. A. (1969) Evaporative fluid loss in adult Nigerian 
males. Br. J. Surg. 86, 213-216. 


ELEBUTE E. A. (1974) Metabolic care of surgical patients in the 
tropics. In: WELLS C., KYLE J. and DUNPHY J. E. (ed.) 
Scientific Foundations of Surgery, 2nd ed. London, 
Heinemann Medical, pp. 611-622. 

HALE F. C., WESTLAND R. A. and TAYLOR C. L. (1958) Effect of 
barometric and vapour pressure on insensible weight loss. 
J. Appl. Physiol. 12, 20—28. 

HUME R. (1966) Prediction of lean body mass from height and 
weight. J. Clin. Pathol. 19, 389—391. 

JOHNSON R. H., CORBETT J. L. and WILKINSON R. H. (1968) Sweat 
and urine concentration during travel by camel and foot. 
Nature ( Lond.) 219, 953-954. 

KHOGALI A., YOUSIF M. K. and ABDEL WAHAB M. F. (1970) Fluid 
and electrolytes observations in Sudanese subjects. J. 
Trop. Med. Hyg. 73, 133—137. 

LE QUESNE L. P. (1957) Fluid Balance in Surgical Practice. 
London, Lloyd-Luke. 

LEITHEAD C. S. and PALLISTER M. A. (1960) Observations on 
dehydration and sweating. Lancet 2, 114-117. 

LEWIS H. E. (1968) Regulation of the body temperature. In: 
DAWSON H. and EGGLETON M. G. (ed.) Starling and Lovatt 
Evan's Principles of Human Physiology, 14th ed. London, 
Churchill, pp. 733—773. 

RAHN H. (1947) Pictorial synopsis. In: ADOLPH E. F. (ed.) 
Physiology of Man in the Desert. New York, Interscience, 
pp. 1-4. 

TINCKLER L. F. (1966) Fluid and electrolytes observations in 
tropical surgical practice. Br. Med. J. 1, 1263-1267. 


Paper accepted 10.8.1977. 


Br. J. Surg. Vol. 65 (1978) 131-134 


Extra-abdominal desmoid of the face involving the orbit 


R.D.P. CRAIG AND D. STUDD* 


SUMMARY 

A case of musculoaponeurotic fibrosis of the face 
invading the orbit is presented. The need for radical 
local excision of such lesions to prevent recurrence and 
the value of adequate prostheses following excenteration 
of the orbit are emphasized. 


DEsMoip tumours are benign fibrous neoplasms which 
arise from the  musculoaponeurotic structures 
throughout the body and which have the peculiar 
characteristic of locally invading adjacent muscular 
tissue and engulfing the striped muscle fibres. Morpho- 
logically they are locally invasive and histologically 
non-cancerous, as they have not been shown to 
metastasize. 

Macfarlane, in 1832, described two tumours 
arising between the layers of the abdominal muscles 
which were almost certainly desmoid tumours. The 
term ‘desmoid’, meaning ‘tendon’ or ‘band-like’ 
appearance, was first used by Miiller (1838) to describe 
such tumours. Paget (1856) described 2 cases of 
desmoid tumour, one involving the abdominal wall 
and the other the forearm, and commented on their 
histological identicality. Nichols (1923) described a 
series of 31 cases, 6 of which he designated as extra- 
abdominal desmoids, and stressed the similarity in the 
gross and microscopic appearances of these tumours, 
regardless of their site of origin. 

Numerous additional reports of extra-abdominal 
desmoids occur in the literature, and of these probably 
one of the largest series involved 34 tumours excised 
surgically at the Mayo Clinic over a 37-year period, 
reported by Musgrove and Macdonald (1948). 

The aetiology of these tumours remains obscure. 
Trauma and endocrine disturbance are the most 
frequently suggested factors. Trauma has been 
suggested to play a part in that not infrequently a 
history of a blow on the affected part may be elicited; 
the preponderance of abdominal desmoids in females 
hds been thought to suggest a link between the 
condition and the violent muscular contractions of 
childbirth, and the not infrequent development of 
desmoids following surgical incisions also points to 
the possibility of trauma being a factor in the aetiology. 
In Musgrove and Macdonald’s series (1948), 41 per 
cent gave a history of trauma but less than 10 per cent 
showed evidence of haemosiderin inclusions in the 
histology. 

Hormonal factors, particularly oestrogens, have 
been linked with the production of desmoid-like 
tumours in guinea-pigs, owing to the clinical occur- 
rence of resolution of desmoid tumours following the 
menopause or radiation castration. 

Hereditary factors are involved in the rare cases of 
multiple desmoid tumours, associated with generalized 
polyposis of the colon and osteomatosis occurring in 
Gardner’s syndrome (Gardner and Richards, 1953). 

Histologically, tumours present an appearance 
which varies from that of an acellular to that of a fairly 
cellular fibroma plus incorporated striated muscle 
fibres. At the periphery, the cells have the normal 


appearance of striated muscle, the intermediate cells 
have lost their striation and appear like smooth 
muscle and the most deeply placed are multinucleated 
giant-cell-like protoplasmic masses. 

Stout and Lattes (1967) linked desmoids with other 
fibroses, such as Dupuytren’s contracture, plantar 
fibrosis, Peyronie’s disease, torticollis and pseudo- 
sarcomatous fasciitis, and since their report desmoid 


. tumours have been termed more correctly *musculo- 


aponeurotic fibroses’. 





Fig. 1. The preoperative condition of the patient. 


Desmoids are relatively rare tumours; in the past 
38 years only 8 such cases have been referred to the 
Christie Hospital, during which time over 81 000 non- 
malignant cases were documented and of these only 
] tumour was extra-abdominal in situation. 

The usual presenting symptom of an extra- 
abdominal desmoid is of a painless swelling, and 
according to Das Gupta et al. (1969) most cases 
appear in the third and fourth decades, are twice as 
common in women as in men and are situated most 
frequently in the shoulder girdle and neck regions. 
Abdominal desmoids most frequently involve the 


* Christie Hospital and Holt Radium Institute, Manchester. 
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Fig. 2. Histological section - ia fee packed showing 
infiltrating proliferating fibroblasts ramifying throughout the 
subcutaneous tissue with focal collections of lymphoid cells 
in the surrounding fat. 





fascial layers of the anterior abdominal wall. The 
differential diagnosis is from fibrosarcoma, keloid, 
neurofibroma, subfascial lipoma, dermatofibroma, 
rhabdomyosarcoma and haemangioendothelioma. 

Conley et al. (1966) described 40 cases of fibroma- 
toses of the head and neck regions of which 10 involved 
the face, and Masson and Soule (1966) described a 
series of 34 extra-abdominal desmoid tumours of the 
head and neck regions, 5 of which involved the face. 

A further search of the literature has failed to 
reveal evidence of such a tumour involving the face 
and orbit, and the case described here is therefore 
thought to be of interest. 


Case report 

A female, aged 73, presented in the outpatient clinic with a 
history of a gradually increasing swelling on the left side of the 
forehead of 5 months’ duration. A provisional diagnosis of 
epidermoid cyst was made and the lesion was excised under 
local anaesthetic. Histologically a diagnosis of nodular 
fasciitis was made on the specimen. 

Nodular fasciitis is a growth composed of a myxoid mass of 
fibroblasts that without known cause suddenly proliferate in 
the subcutaneous tissue generally near the deep fascia. The 
lesion is entirely benign and is very possibly not a neoplasm at 
all. Such lesions are most frequently seen in the forearm, but 
may develop in any region of the body. 

During the next few weeks the swelling continued to increase 
in size and to extend laterally on to the temple and inferiorly 
on to the cheek prominence and the orbit, obscuring the field 
of vision of the left eye, due to the swelling of the eyelids. 

Six weeks after the initial attendance, she was observed to 
have a hard indurated swelling extending from the left frontal 
eminence to the left temple and cheek prominence, and in 
addition there was considerable periorbital swelling. The 





Fig. 3. a, One month following extirpation of tumour and skin grafting. b, Orbital prosthesis in situ. 


patient was not able to open her upper eyelid due to the 
pressure of this swelling on the supra-orbital margin (Fig. 1). 

A second opinion on the original histological specimen 
described an infiltrating proliferative fibroblastic lesion which 
appeared to be ramifying through a subcutaneous site and not 
involving the dermis. Focal collections of lymphoid cells were 
observed in the surrounding fat (Fig. 2). These histological 
findings of the insidious infiltration of striped muscle fibres 
and persistence of the lesion following excision were felt to 
be more consistent with a diagnosis of an extra-abdominal 
desmoid. 

In view of the extension of the lesion into the orbit and its 
involvement of the ocular structures, it was decided to under- 
take radical extirpation of the lesion. 

At operation under general anaesthetic the lesion was widely 
excised and included a large block of tissue on the left side of 
the forehead, temple and cheek, and included excenteration of 
the left orbital contents. It was found possible to establish a 
plane of cleavage between the deeper layer of the tissue and the 
periosteum on the forehead. The residual raw area was covered 
with split skin graft and a dressing overtied. First dressing was 
undertaken 5 days later, when it was observed that the graft 
had taken satisfactorily. 

The patient made an uninterrupted recovery and was 
subsequently provided with spectacles fitted with an ocular 
prosthesis to camouflage the resultant disfigurement (Fig. 3). 
There was no evidence of recurrence of the lesion some 18 
months after the excision. 

Histological examination of the excised tissue confirmed the 
previous report of an extra-abdominal desmoid, the margins of 
the excision being clear of the tumour. 


Discussion 

On the basis of an extensive review of the literature, 
it would appear that the case reported was unusual in 
the rate of local spread and exceptional in respect of 
the involvement of the orbit, necessitating excentera- 
tion of the orbital contents to secure complete 
ablation of the lesion. 

Complete excision of the tumour is considered to 
be the only effective method of cure by most 
authorities, The high incidence of recurrence following 
conventional excision has encouraged the practice of 
aggressive extirpation short of amputative or super- 
radical procedures, to lower the incidence of recur- 
rence, according to Seel et al. (1964). 

Recurrence rates following excision, according to 
the literature, range from 10 to 70 per cent. Dahn et al. 
(1963) described a series of 18 cases with a recurrence 
rate of 4 per cent and emphasized the need for the use 
of frozen sections at operation to ensure the complete 
extirpation of the lesion. 

According to Das Gupta et al. (1969), the primary 
consideration in the treatment of an extra-abdominal 
desmoid is the prevention of local recurrence. 
Adequate excision, possibly involving major amputa- 
tion, was considered mandatory to prevent recurrence. 
This aggressive approach was considered to be 
justified on the basis of a low recurrence rate in their 
series of 72 cases of extra-abdominal desmoid tumours. 
However, in certain cases involving vital structures, 
e.g. in the root of the neck or mediastinum, complete 
extirpation may prove technically impossible. 

Radium or X-ray therapy has been used in cases 
where there was incomplete removal or where no 
removal at all was possible on account of the location 
of the tumour, but claims for such therapy appreciably 
affecting the further growth of such lesions are incon- 
clusive (Hunt et al., 1960). Pack and Ehrlich (1944) 
described 3 inoperable cases of desmoid tumour 
receiving radiation therapy, all of which remained 
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free of recurrence for at least 5 years, and of 4 patients 
receiving radiation therapy for postoperative recur- 
rence, a satisfactory response was obtained in 3. 
Benninghoff and Robins (1964) described the 
successful use of surgical excision combined with post- 
operative irradiation in a series of 4 cases with no 
recurrence of the lesions during a follow-up period of 
more than 2 years. 

Irradiation may be associated with malignant 
change in desmoids, as in a case described by Soule 
and Scanlon (1962) involving an extra-abdominal 
desmoid recurrent following surgery which developed 
fatal sarcomatous change 6 years after receiving 4 
courses of X-ray therapy. 

It is difficult to understand why such a large 
proportion of desmoid tumours should respond to 
high voltage X-ray therapy, as there is nothing in the 
histological structure of the tumour to suggest radio- 
sensitivity. It could be that the response to irradiation 
is an indirect one due to suppression of ovarian 
function, and the radioresistance of desmoids in males 
supports this concept. 

Steroids have proved of value in at least one case of 
an abdominal desmoid recurring twice following 
excision, as reported by Panos and Poth (1959) in a 
child of 22 months treated with prednisone over a 
3-month period. The residual tumour regressed with 
no evidence of recurrence 5 years later. Dahn et al. 
(1963) reported the ineffectiveness of cortisone over a 
3-week period in the treatment of an abdominal 
desmoid which increased in size, despite such therapy 
in a patient with Gardner's syndrome. Strode (1954) 
described one case of abdominal desmoid in which 
spontaneous regression occurred, and a similar one 
wasreported by Caldwell (1976), in whichanabdominal 
desmoid measuring 15 x 17 cm regressed spontaneously 
following the menopause. However, the aggressive 
nature of the lesion reported here in a patient well 
past the menopause did not appear to justify such 
a conservative management. 
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The Gritti-Stokes amputation in ischaemia: 


a review of 134 cases 


J. DORAN, B. R. HOPKINSON AND G. S. MAKIN* 


SUMMARY 

The results of 134 Gritti-Stokes amputations for 
ischaemia are presented. The mortality rate was 11 per 
cent and healing occurred in 88 per cent, reaffirming the 
good results already reported for this operation. The 
long term results are reviewed in an attempt to decide 
whether the most frequently cited criticisms of this 
procedure are justified. Stump pain and mobility of the 
patella were not major problems. The difficulties in 
fitting a suitable prosthesis are discussed and attention 
is drawn to the advantages of a new prosthesis that has 
been developed for this amputation. 


DespirE modern vascular techniques amputation is 
still the only suitable treatment for many patients with 
advanced lower limb ischaemia. The place of the 
Gritti-Stokes amputation in the management of such 
cases remains controversial. Lishman (1965) and 
Martin et al. (1967) have been strong advocates of the 
procedure, but others have criticized it on the grounds 
of long term problems with the stump, such as pain 
and mobility of the patella (Weale, 1969) and difficulty 
in fitting a suitable prosthesis (Newcombe and 
Marcuson, 1972). 

In recent years there have been major advances in 
the construction of artificial limbs and in the general 
management of amputees, and it seemed that the role 
of the Gritti-Stokes amputation should now be 
reassessed. 

This report analyses the results of 134 consecutive 
Gritti-Stokes amputations performed at Nottingham 
General Hospital in the 6-year period 1970-5, 


Patients and methods 

A total of 134 amputations was performed on 119 patients, the 
average age being 70 years with a range of 41—93 years. Thirty- 
two patients were diabetics (24 per cent). The ratio of males to 
females was 3 : 1. The indications for amputation are shown in 
Table I. A Gritti-Stokes amputation was only performed if it 
was thought that a below-knee amputation would fail to heal 
or had already failed to heal. 


Operative technique 

The technique used was essentially that described by Martin et 
al. (1967) with some modifications. When the femoral condyles 
are removed the saw is angled so that the cut surface of the 
femur slopes upwards from anterior to posterior aspects (Fig. 1) 
We believe that this increases the stability of the patella when it 
is fixed over the end of the femur and diminishes the tendency 
for it to slip forwards. Fixation of the patella is achieved by 
means of sutures placed through soft tissues rather than 
through bone. Suction drains are used and prophylactic benzyl 
penicillin is administered in all cases. 


Results 

There were 13 deaths in the first 2 weeks after opera- 
tion—a mortality rate of 11 per cent. In the 106 
survivors there were 120 stumps and primary healing 
occurred in 83 (69 per cent). Healing was delayed in 
23 stumps (19 per cent) but was eventually achieved, 
giving a total healing rate of 88 per cent. In 13 cases 
(11 per cent) failure to heal led to amputation at a 


higher level and one stump had not healed when the 
patient died 6 months after operation. These results 
are summarized in Table IT. 

There were 15 bilateral amputees in the series, the 
period between the first and second amputations 
varying from 1 month to 4:8 years with a mean 
interval of 19-2 months. One patient died within 2 
weeks of the second amputation. Healing of the 
second stump occurred in 12 cases (85:7 per cent), the 
other 2 requiring higher amputation. These figures 
are not significantly different from those of the series 
as a whole. | 

In common with all published results of amputation, 
the late mortality was depressing. Fourteen patients 
were lost to follow-up and of the remainder 46 per 
cent had died in a mean follow-up period of 3-2 years. 
Among the bilateral amputees the survival time was 
even shorter, 71 per cent having died within 12 months 
of the second amputation. 


Table I: INDICATIONS FOR GRITTI-STOKES 
AMPUTATION 


Indication No. of limbs 
Rest pain and pregangrene 51 
Gangrene T4 
Unhealed below-knee amputation 11 
Total 134 


Table H: STUMP HEALING IN 120 STUMPS IN 106 
SURVIVORS 


No. pA 
Primary healing 83 69 88 
Delayed healing 23 19 
Reamputation 13 11 
Unhealed at death d «1 


Table IH: MOBILITY OF 106 SURVIVORS 


No aid or 1 stick 37 (11 at work) E 

2 sticks or frame 19 Useful limb 
PORE in 64 patients 

Pylons 5 (60% 

Rockers 3 ^e 

Wheelchair 28 

Not traced i4 

Stump problems 


Only 6 patients complained of stump tenderness and 
in only 2 was pain a major problem. Both of these 
were able to use their prostheses for limited periods. 
Non-union of the patella did seem to occur but it is 
not possible to comment on its true frequency as 
X-rays were taken of only a few of the stumps. In no 
case was there sufficient mobility of the patella to cause 
problems. id 
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Fig. 1. Showing the line of cut in the femur. 





Fig. 2. The no. 2 MAP prosthesis for the Gritti-Stokes 
amputation (Chas. A. Blatchford & Sons, Basingstoke). 


Of the 106 survivors, 64 (60 per cent) used their 
prosthesis regularly (Table IIT) and 11 (10:4 per cent) 
achieved return to gainful employment. Of the 28 
that were confined to a wheelchair, 10 were double 
amputees. In 14 patients details of prosthetic usage 
are not available. Fifteen patients have been fitted with 
the new no. 2 modular assembly prosthesis (MAP), 
which incorporates a short knee chassis, an internal 
knee joint and an automatic swing phase (Fig. 2). In 
all cases this has been favourably received and it is 
gradually being issued to all Gritti-Stokes amputees 
in place of the standard no. 6 prosthesis in current use 
(Fig. 3). 





Fig. 3. The standard no. 6 prosthesis for the Gritti-Stokes 
amputation. 


Discussion 

Even though we have performed the Gritti-Stokes 
amputation only in cases where it was thought that a 
below-knee amputation would fail or had already 
failed, our results are similar to those of others. 

The operative mortality in this series was 11 per 
cent, while others report mortality rates varying from 
5 to 8 per cent (Middleton and Webster, 1962; 
Lishman, 1965; Martin et al., 1967). The mortality 
rate for through-knee amputations is around 14 per 
cent (Howard et al., 1969) and for below-knee is 
10 per cent (Warren and Kihn, 1968), while the mid- 
thigh amputation carries a higher mortality in most 
recorded series: 22 per cent (Gilchrist, 1961); 24 per 
cent (Ham et al., 1964); 42 per cent (Otteman and 
Stahlgren, 1965); 9 per cent (Hall and Shucksmith, 
1971); 37 per cent (Harris et al., 1974). 

The healing rate in our series was 88 per cent, which 
is in close agreement with that of between 91 and 92 
per cent reported by others (Lishman, 1965; Martin 
et al, 1967). For below-knee amputations healing 
rates vary from 67 to 90 per cent (Warren and Kihn, 
1968; Barnett et al., 1976), for through-knee amputa- 
tions from 78 to 83 per cent (Taylor, 1967; Newcombe 
and Marcusson, 1972), and for mid-thigh amputations 
from 84 to 95 per cent (Ham et al., 1964; Hall and 
Shucksmith, 1971). 

The Gritti-Stokes amputation compares favourably 
with other amputations in terms of mortality and 
healing, and these results are reproducible in different 
surgical centres. It is important, therefore, to consider 


the criticisms of stump function that have prevented 
this procedure from gaining widespread acceptance. 

In this series painful stumps were not a problem. 
Non-union of the patella did occur but in no case was 
there excessive mobility of the patella and a stable 
non-union appears to be of little consequence. It may 
be that the angle of cutting the femur employed in our 
technique contributed to this stability in our patients. 

The difficulty in fitting a satisfactory prosthesis to 
the stump has been a major factor mitigating against 
the Gritti-Stokes amputation (Middleton and 
Webster, 1962; Newcombe and Marcusson, 1972). The 
length of the stump made it necessary to site the knee 
joint of the prosthesis on a frame outside the line of 
the limb, the resulting no. 6 prosthesis (Fig. 3) being 
ugly, cumbersome and unacceptable to many patients, 
particularly to females. The recent development of 
the short knee chassis has overcome these problems, 
and in the no. 2 MAP limb it has been possible to fit 
an internal knee joint and yet keep the knee at the 
same level as its partner. The new prosthesis is much 
more acceptable and is a significant advance in 
artificial limb construction. Now that a suitable 
. prosthesis is available, the length of the Gritti-Stokes 
. Stump can be seen as purely beneficial, for as Martin 

et al. (1967) point out, the bilateral amputee can turn 
over and sit up in bed, which the bilateral mid-thigh 
amputee finds very difficult. 

It would appear that the Gritti-Stokes amputation 
meets the criteria of a good amputation, having a low 
mortality, good healing and providing a useful stump. 
However, it seems clear from reviewing amputees in 
general that their mobility is greatly improved if the 
knee joint can be preserved (Harris et al., 1974), and 
the below-knee amputation should be the amputation 
of choice wherever possible. If the below-knee amputa- 
tion is not expected to succeed, then our experience 
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suggests that the Gritti-Stokes amputation is a highly 
satisfactory alternative. 
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Familial phaeochromocytoma with von Hippel's disease 
in one sister and ectopic adrenal cortex 


in the kidney in another 


A. DAVID MENDELOW, S. KAY, E. LEVIN AND C. J. MIENY* 


SUMMARY 

Two sisters with bilateral adrenal phaeochromocytomas 
are reported. Von Hippel's disease of the retina was 
found in the one and ectopic adrenal cortical tissue was 
found in the kidney of the other. The latter association 
has not previously been described with familial phaeo- 
chromocytoma. 


INTERESTING disease patterns have emerged from the 
reported cases of familial phaeochromocytoma. Such 
cases often have bilateral adrenal tumours and are 
usually an expression of one of two types of genetic 
abnormality—either the syndrome of multiple endo- 
crine neoplasia type 2, or one of the neuro-ectodermal 
dysplasias (van Way et al., 1974). This report deals 
with two sisters each with bilateral phaeochromo- 
cytomas and each with an associated pathological 
abnormality. 


Case reports 

Case 1: This patient presented at the age of 12 years in 1955 
with hypertension, and an adrenalectomy for phaeochromo- 
cytoma of the right adrenal was done. She remained normo- 
tensive for 19 years. Hypertension recurred at the age of 31. 
Because her sister (Case 2) had previously undergone bilateral 
adrenalectomy in 1967, a second phaeochromocytoma was 
suspected. Serial 24-h urine specimens showed increased levels 
of vanillyl-mandelic acid (YMA) (120-2 umol/24 h), methyl- 
ated amines (12-0 umol/24 h) and total catecholamines (7:9 
umol/24 h). Thyroid function tests, urinary steroid levels and 
all other biochemical tests were within normal limits. 

Excretory urography revealed a space-occupying lesion 
3cm in diameter distorting the upper and middle moiety 
calices and pelvis of the right kidney (Fig. 1). Renal arterio- 
graphy confirmed the presence of a cystic lesion in the renal 
substance with a crescent of abnormal-looking vessels on its 
inferior aspect. This neovascularization suggested the diag- 
nosis of a cystic hypernephroma (Fig. 2). On the left there 
was a large, rather poorly defined area of increased vascularity 
appearing as a blush overlying the upper pole of the kidney 
and suprarenal area but no distinct neovasculature was seen 
(Fig. 3). 

Venous blood samples were taken at various levels by 
catheterization of the inferior vena cava and selective catheter- 
ization of the left and right renal veins. Catecholamine assays 
on these samples showed higher levels from the left renal vein 
(Fig. 4). This suggested that the phaeochromocytoma was on 
the left side, probably represented by the vascular blush, and 
that the lesion in the substance of the right kidney was not a 
catecholamine-secreting tumour. 

At laparotomy a large tumour was found involving the 
whole of the left adrenal gland; it measured 6:5 x 3:5 x 2-0 cm 
and weighed 64g. Histological examination confirmed a 
phaeochromocytoma. The possibility of a hypernephroma of 
the right kidney could not be excluded on angiography, partic- 
ularly as her sister had the retinal lesions of von Hippel- 
Lindau’s disease which is associated with renal carcinoma 
(Melmon and Rosen, 1964). For these reasons a right nephrec- 
tomy was performed. On transecting the kidney a cystic 
mass was found arising in the pelvis and extending to the 
cortex. The yellow margin of the cyst varied in thickness from 
0:3 to 0:8 cm. Histological examination of the tumour revealed 





Fig. 1. Excretory urogram from Case 1 showing a 3-cm 
lesion distorting the upper and middle moiety calices and 
pelvis of the right kidney. 





Fig. 2. Renal arteriogram (right kidney) from Case 1 
showing a cystic vascular lesion in the renal substance. 
The arrows indicate a crescent of neovascularization 
which suggested the diagnosis of cystic hypernephroma. 
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lipid-containing cells, arranged in nests and trabeculae and 
resembling zona fasciculata cells of the adrenal cortex (Fig. 5). 

Postoperatively the patient became normotensive, the urinary 
VMA levels fell to within the normal range, and she has re- 
mained well for 23 years. 


Case 2: The sister of Case 1 presented at the age of 20 years 
in 1965 with loss of vision in the left eye due to a vitreous 
haemorrhage. On examination she was found to have bilateral 
angiomatosis of the retina (von Hippel's disease). Two years 
later she became hypertensive. Urinary VMA levels were 
222:2 umol/24 h. Bilateral phaeochromocytomas were removed 
at laparotomy. She has remained normotensive for 10 years 
since the operation but has lost all vision on the left and has 
had recurrent vitreous haemorrhages on the right. 


Discussion 

These two sisters illustrate the pattern of familial 
phaeochromocytoma with one of the two types of 
genetic abnormality—neuro-ectodermal dysplasia. 

These familial tumours are inherited as an auto- 
somal dominant and are usually associated with 
multiple endocrine neoplasia type 2 (Williams, 1965; 
Steiner et al., 1968) or with one of the neuro-ecto- 
dermal dysplasias. The four most commonly encoun- 
tered are von Recklinghausen's disease, tuberous 
sclerosis, the Sturge- Weber syndrome and von Hippel- 
Lindau's disease (Glushien et al, 1953). Abnor- 
malities described in association with von Hippel- 
Lindau's disease include renal cysts and hyper- 
nephroma (Sharp and Platt, 1971). When a round 
tumour with a malignant vasculature was demonstrated 
on angiography in Case 1, the possibility of associated 
neuro-ectodermal dysplasia with a carcinoma of the 
kidney was strongly suspected despite the absence 
of the retinal malformations described by von Hippel. 
A cystic ectopic adrenal cortical rest, found at nephrec- 
tomy, has not been described before in this syn- 
drome and does not seem to fit into either of the 
two known patterns. Patients have been described 
who seem to have familial phaeochromocytoma and 
a mixed picture of multiple endocrine neoplasia type 
2 and a neuro-ectodermal dysplasia, namely multiple 
mucosal neuromas, a separate variant of neurofibro- 
matosis (Williams and Pollock, 1966). 

The ‘tumour’ found in Case 1 was an ectopic rest 
of adrenal cortical cells which may have undergone 
hyperplasia after destruction of the remaining left 
adrenal gland by the phaeochromocytoma. No in- 
stance of familial phaeochromocytoma with both 
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Fig. 3. Renal arteriogram from Case 1 showing a poorly 


defined area of increased vascularity overlying the upper 


pole of the left kidney. 
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Fig. 4. Diagram of the vena cava and renal veins. 
The catecholamine concentration in venous blood is 
indicated at the sites which were sampled (umoly/l). 





Fig. 5. a, Photomicrograph of cystic tumour from the right kidney, showing adrenal cortical tissue resembling zona 
fasciculata. ( x 200.) b, Tumour tissue on the right, separated from kidney by a fibrous tissue capsule. ( x 60.) 
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neuro-ectodermal dysplasia and multiple endocrine 
neoplasia type 2 in different members of the family 
has hitherto been described. 
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Book reviews 


Crobn's Disease 
Bryan N, Brooke. 235 x 155 mm. Pp. 113+ x. Hlustrated. 1977. 
London: Macmillan. £9-75. 


The senior author, B. N. Brooke, has had more than 30 years' 
experience in the management of inflammatory bowel disease. 
He takes a pessimistic view of Crohn's disease and stresses the 
urgent need for a concentration of minds and resources on the 
problems which it presents. The preface recommends that this 
new book should be read consecutively, a task which can be 
accomplished in a couple of hours. The most interesting section 
is that dealing with the authors’ studies on a transmissible 
agent. The last 11 pages of the 93 pages of text are devoted to 
azathioprine. No details of operative technique are given. 
There are numerous illustrations of X-rays but they lack 
directive arrows or descriptions of the pathological features. 
There is an extensive and up-to-date list of references and the 
book will be of value to research workers. 

JAMES KYLE 


The Aged and High Risk Surgical Patient: Medical, Surgical 
and Anaesthetic Management 

Edited John H. Siegel qnd Peter Chodoff. 253 x 175 mm. Pp. 920 
A- xvii. Hlustrated. 1976. New York: Grune & Stratton. 365-00. 


Tuis book tends to emphasize that surgical problems in the 
aged carry a high mortality and morbidity. It is a multi-author 
text and suffers from almost every one of the deficiencies 
associated with this method of compiling textbooks. Too many 
chapters detail the problems without giving much in the way of 
advice about how to cope with them. The many chapters refer 
to conditions of an organ in much the same way as any 
standard textbook of medicine. This is not a book for the 
individual surgeon though it may find some place in the 
library. 

C, G. CLARK 


Shaw's Textbook of Operative Gynaecology 

Revised John Howkins and Christopher N. Hudson. Fourth 
edition. 275x215 mm. Pp. 547--vi. Illustrated. — 1977. 
Edinburgh: Churchill Livingstone. £35-00. 


IN revising the fourth edition of this popular textbook, 
Christopher Hudson has joined John Howkins. It is handsomely 
presented with excellent illustrations and the changes in content 
reflect the technical advances of the past decade and the 
increasing role of surgery in family planning. A new chapter on 
endoscopy contains a comprehensive description oflaparoscopy 
with short accounts of hysteroscopy and colposcopy. There are 
extended sections on termination of pregnancy, sterilization 
and tubal surgery and a particular interest of the new author is 
reflected in the attention given to fistulas. Advances in non- 
surgical treatment, such as cytotoxic therapy and the use of 
gestogens for carcinoma and endometriosis, are also included. 
It is a pity that cystoscopy and sigmoidoscopy are not included 
since the authors rightly stress the need for gynaecologists to 
have some practical training in proctology and urology. A 
description of colposuspension and of the technique of 
pedicled omental grafts in the repair of fistulas would be 
helpful. 

The description of operations are given in appropriate detail 
for such a textbook, but as some of the other information, such 
as that contained in sections on vaginal cytology, the basic 
investigation of infertility and the symptomatology of endo- 
metriosis, is contained in greater detail in other gynaecological 
textbooks and will be familiar to those for whom the book is 
written, some of this material might usefully be removed from 
the next edition. These suggestions apart, this book fulfils the 
aims of Wilfred Shaw and will be valued for reference, revision 
and refreshment by all surgeons who operate in this field and 
by those who aspire to do so. 

S. 3. STEELE 
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Tumours in Children 

Edited H. B. Marsden and J. K. Steward. 240 x 165 mm. Pp. 500 
+-xei, with 295 illustrations. 1976. Berlin: Springer-Verlag. 
DM?92, US $37.80. 


Or all deaths from malignant disease, less than half of | per 
cent occur in children. On the other hand, as a cause of death 
in children between the ages of 1 and 16 years, cancer now 
ranks second only to accidental deaths. This fact alone 
justifies the major interest in tumours in children during recent 
years. Improved results have depended largely on a combined 
attack of which surgery is only one part; the response of 
tumour cells to radiotherapy and cytotoxic drugs can only be 
predicted by a detailed knowledge of the behaviour of those 
celis, and it is therefore not surprising to find that the 22 
contributors include 9 pathologists and only 4 clinicians. 

The material used is drawn from the Manchester Children's 
Tumour Registry, representing virtually every case of malignant 
disease occurring in a population of 1 million children under 
the age of 15, amongst whom about a hundred cases of 
malignant disease occur each year. The three opening chapters 
discuss general problems, aetiology and geographic variations; 
there follow eleven chapters on specific types of malignant 
disease, most of them including a review of the Manchester 
Children's Tumour Registry cases treated between 1954 and 
1968, and a discussion of optimal treatment at present. The 
last chapter on tissue culture and immunological studies 
attempts to assess the place of immunotherapy in the future 
treatment of malignant disease. 

This is not a book in which to seek the clinical picture or the 
methods of surgical treatment of tumours: but for the surgeon 
it provides an excellent source of reference on the pathology of 
malignant disease in children and its total management. The 
illustrations, particularly the photomicrographs, are excellent. 
It is a pity that possibly for speed of publication the printing 
resembles that of an electric typewriter and is as tiresome to 
read as are the tables, which are frequently printed vertically 
instead of horizontally. 

JAMES LISTER 


HLA and Malignancy. Progress in Clinical and Biological 
Research, Volume 16 

Edited Gerald P. Murphy. 230 x 150 mm. Pp. 2484- xiv. 1977, 
New York: Liss. $24.00. 

ANTIGENS demonstrable on the surface of human lymphocytes 
(HLA) have been used by transplant surgeons for 10 years or 
more to match transplanted kidneys. As time has passed, it has 
become apparent that HLA antigens reflect the genetic make-up 
of a patient and that in some disorders there does seem to be a 
strong association between groups of antigens and clinical 
disease. This book is a collection of papers delivered at the 
Roswell Park Memorial Institute in August 1976 which 
examines the relationship between HLA antigens and 
malignancy. 

Broadiy, research groups have looked through patient 
populations to see whether certain HLA antigens occur with 
increased or reduced frequency in association with certain 
tumours. It is clear that strong HLA associations are found 
only in patients with reticuloses, though similar connections 
may apply to retinoblastoma and nasopharyngeal cancer. In 
surveys of patients with gastric cancer in Japan, there appears 
to be a decreased incidence of antigen B5, indicating genetic 
susceptibility, and similar studies have shown HLA linkage to 
breast cancer in cancer-prone families. HLA studies are also 
being applied to determine a relationship between patient 
prognosis and tumour type. 

This book is an early reflection of the changing approach to 
common medical problems and it will be of value to surgeons 
with a special interest in cell biology. 

G. R. GILES 
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Trends in Childhood Cancer 

Edited M. Donaldson and H. Gunter Seydel. 250 x 170 mm. 
Pp. 144--xii. Illustrated. 1977. Chichester: Wiley. £12-40, 
$20.95. 


Tuis book is a record of the fifth annual symposium of the 
Division of Oncology of the Children's Hospital of Phila- 
delphia and the Department of Radiation Therapy at the 
American Oncological Hospital of the Fox Chase Cancer 
Center held in 1976. It reflects the enormous increase in interest 
in the treatment of malignant disease of all kinds in childhood 
and is one of a series of books from Philadelphia on diagnostic 
and therapeutic radiology. Some clinicians must have been 
wondering recently what part radiotherapy would play in the 
treatment of cancer in the future as the increasing use of 
various kinds of chemotherapy and immunotherapy seemed 
to be threatening its survival. 

In many ways the management of malignant disease in 
children is very different from that in adults. Most children 
have a rather different attitude to their disease and their 
consciousness of what is happening to them varies widely, but 
the effects of the disease on their parents is often much worse 
than on the relatives of adult patients suffering from cancer. 
The effects of some forms of radiotherapy on growth and 
development may often produce severe disability in the 
survivors. 

The improved results which are being obtained now in the 
treatment of leukaemia, nephroblastoma, retinoblastoma and 
some other tumours which affect children have very important 
implications for the treatment of tumours both in childhood 
and in older patients. This book ranges widely over the 
problems of the treatment of malignant disease in children. It is 
full of valuable information and opinions from a number of 
experts and the discussions which followed the various groups 
of papers are also recorded. Any combinations of treatment 
which are developing as rapidly as those used in the various 
forms of cancer which affect children are bound to give rise to 
a wide variety of opinions amongst those who use these 
methods, and there is some variation in the views which are 
expressed. 

The fourteen chapters in this book cover general aspects, the 
multidisciplinary team approach, genetic, familial, environ- 
mental and immunological factors, lymphoma and, as one 
would expect, there is a great deal on various aspects of 
leukaemia. Ewing's sarcoma is also considered as well as 
neuroblastoma, rhabdomyosarcoma, retinoblastoma and 
nephroblastoma. Clinicians who are actively concerned with 
the treatment of children with malignant disease will be 
familiar with many of the views and statements in this book, 
but even they may be stimulated by the way in which the 
material is expressed and collected here. For others who are 
seeking up-to-date information about the current thinking of 
the experts this is a stimulating account of some of the history 
and the present situation at the time of writing. In this book 
can be found some indication of the greater hope for better 
results which may arise from the present and projected 
developments in this field. 


Book reviews 


A. W. WILKINSON 


Non-invasive Clinical Measurement 
Edited David Taylor and Joan Whamond. 245 x 190 mm. Pp. 
205--xv. Illustrated. 1977. Tunbridge Wells: Pitman Medical. 
£13-00. 
Ir is difficult to appraise this book. It is very well presented and 
the subheadings in the margin are a considerable help. How- 
ever, it has a major defect: the subject matter is not suitable for 
a general initiation into non-invasive clinical measurement 
because it follows no coherent plan and most of the chapters are 
too specialized but, on the other hand, it cannot represent 
adequately the fields it covers at specialist level. It is thus 
difficult to identify those to whom the book will appeal. 

Having said this, 1 must praise the quality of many of the 
chapters which, with their sections, form a helpful summary of 
the present state of the art. Non-invasive measurement is a 
very worth-while field and deserves any encouragement. 

D. MELROSE 


Current Trends in the Management of Breast Cancer 
Edited R. Robinson Baker. 230x 150 mm. Pp. 159 4 xiii. 
lilustrated. 1977. London: Bailliére Tindall. £9:75 cased. 


THE immediate criticism of this book is that very little is written 
of ‘current trends'—the data on receptor sites and the 
arguments around adjuvant chemotherapy are scantily covered, 
the papers quoted on bone scanning are not recent, neither is 
clinic diagnosis nor the role of oestrogen receptor blockers 
mentioned. Then again, much of the information does not 
relate to ‘management’. 

There are five essays: the first is a summary of epidemiology, 
but its place in cancer management remains obscure. The 
chapter on histopathology is well written, but where are the 
‘current trends'—and the section on unusual forms of cancer is 
particularly irrelevant. The chapter on radiological examination 
of breast cancer patients is poor. The fourth chapter deals with 
primary tumour management and gives excessively long details 
of mastectomy technique. The results of the various forms of 
primary therapy are discussed, but the results of the Multi- 
centre Cancer Research Campaign Breast Study (King's 
Hospital) Trial are ignored. The final chapter deals with 
secondary breast cancer, and a reasonable plan of treatment is 
presented. This chapter begins with the statement that 50 per 
cent of patients presenting with breast cancer are cured: now 
that would be a ‘current trend’ worth talking about, even at 
£9-75! 

R. BLAMEY 


Transplantation Today, Volume 4 
Edited Felix T. Rapaport and John M. Converse. 250 x 170 mm. 
Pp. 1353-- iv. 1977. New York: Grune & Stratton. $49.75. 


THIS monumental volume comprises the Proceedings of the 
Sixth International Congress of the Transplantation Society, 
which was held in New York in August 1976. 

The contributions range over virtually the whole field of 
clinical and experimental tissue and organ transplantation and 
anyone engaged in research in the field of transplantation will 
find it a necessary work of reference. The emphasis in trans- 
plantation research has shifted somewhat since the last volume 
of the series appeared and noteworthy features of the present 
book are the evidence of renewed interest in antilymphocyte 
globulin as an immunosuppressive agent, and the number of 
interesting papers on the transplantation of pancreatic islet 
tissue, the effect of blood transfusion on allograft survival and 
clinical and experimental transplantation of bone-marrow. 
Work in the field of histocompatibility has continued to expand 
in spectacular ways, and there is welcome evidence of a more 
critical approach to the value of histocompatibility typing in 
clinical organ transplantations. 

For the non-specialist reader there are some excellent short 
reviews, such as The contributions of transplantation to 
modern biology (R. E. Billingham); Artificial organs and 
transplantation (W. J. Koff); Renal transplantation (T. E. 
Starzl et al); Bone-marrow transplantation (D. W. van 
Bekkum); Heart transplantation (N. E. Shumway et al.); Liver 
transplantation (R. Y. Calne);; HLA compatibility in clinical 
transplantation (J. J. van Rood et al); The association of 
HLA with disease (J. Dausset); The role of the major histo- 
compatibility complex in the genetic regulation of immuno- 
logical responsiveness (B. Benacerraf); Cellular mediators of 
allograft immunity (J. L. Gowans); The role of humoral anti- 
bodies in transplantation (F. Milgrom); Immunosuppressive 
agents (G. B. Elion); Surveillance against tumours (G. Klein 
and E. Klein); and Transfer factors in transplantation immun- 
ology (H. S. Lawrence). 

The book illustrates vividly the remarkable way in which, 
as the President, Professor L. Brent, said in his address, the 
Transplantation Society has brought together those whose 
interests are predominantly clinical with others who are more 
involved with biological mechanisms, and for that reason the 
book merits examination even by those whose work lies in 
quite different fields of medicine. 

The production conforms to the high standards we have 
come to expect from the editors and publisher. 

MICHAEL WOODRUFF 


Secondary Spread in Breast Cancer. New Aspects of Breast 
Cancer, Volume 3 

Edited Basil A. Stoll. 215x 137 mm. Pp. 245--x. London: 
Heinemann. £4:50. 

THE increasing frequency of edited reviews of the type seen in 
this series suggests that they must be profitable for publishers 
and authors. But are they profitable for their intended readers? 
This book does not strike me as being particularly good value. 
There is considerable duplication of material in the first two 
volumes but this has become much more obtrusive with the 
appearance of a third. While each author provides an efficient 
coverage of his subject, the material is depressingly well worn. 
The reasonably conscientious clinician will find little with which 
he is not familiar, and less which is of direct relevance to the 
clinical management of breast cancer. 

Most of the chapters illustrate so well the problems that 
blur the interface between much biological research and clinical 
practice—the transposition of experimental tumour behaviour 
into the clinical situation and the use of ‘hot off the press’ 
data from premature analysis of clinical trials. Even more 
frustating is to have the reviewer point out the general 
deficiencies of experimental techniques and protocols and then 
go on to quote a large number of papers giving widely differing 
-and often incompatible-—results without any guidance as to 
which are relevant, which are likely to be true and what 
conclusions may reasonably be drawn from them. The 
systematic cataloguing of a spectrum of data and interpretation 
is of little use to the practising clinician. If there is a place for 
these reviews, they should surely be written by the expert who 
is willing to put his neck on the chopping block and give a 
reasoned assessment of the significance of the papers he reviews. 

In all, this is a disappointing volume, but two chapters stand 
out from the rest in that they deal in a stimulating fashion with 
the growing edges of subjects which may well be new to the 
practising clinician. One, by Powles of the Royal Marsden 
Hospital, deals with factors influencing skeletal metastasis, 
discussing the dynamic response of bone to metastasis and the 
relevant biochemical and physiological processes. The second, 
by Williams of the Marie Curie Foundation, deals with bio- 
logical mechanisms of metastasis in general, discussing the 
processes which govern release of tumour cells and their 
preferential lodging in different organs. However, these 
chapters only comprise 30 pages, so it could be economically 
prudent to consult the library copy. 

L. E. HUGHES 


The Cellular Basis of the Immune Response 
Edward S. Golub. 230 x 150 mm. Pp. 278 -- x, with 97 illustra- 
tions. 1977. Reading: Freeman. £6-50. 


‘Yer another book on basic immunology’, was my first 
reaction, and this no doubt is likely to be the reader's reaction 
too, as the past few years have seen an explosion of interest in 
immunology and therefore a multitude of books attempting to 
bring immunology into every clinician's living room. However, 
much to my pleasant surprise, I found this book by Dr 
Golub to be one of the two best books in this very competitive 
field. It is based on a series of notes from the lecture course on 
immunobiology given by Dr Golub of Purdue University and 
one can imagine, as one reads these lectures, that they must 
have been highly entertaining to his audience. For example, his 
analogy of the breeding of cogenic strains of mice to the 
production of a very dry martini with an olive is a gem. The 
book deals with basic immunological knowledge from the role 
of the cell in the immune response, rather than the more classic 
approach from the humoral aspect. I must say this approach 
does seem a more logical one to me. All the chapters are 
extremely up to date and obviously the book has been produced 
very quickly after its final preparation, which enhances its 
value to the potential reader. The price is very reasonable and 
I would thoroughly recommend this publication, both for 
those wanting a refresher course in immunology and for those 
requiring a basic textbook at the beginning of their studies. It 
is certainly an easy book to read. 

P. J. MORRIS 


Book reviews — 143 
Ethics in Medicine 

Edited S. J. Riser, Arthur J. Dyck and William J. Curran. 275 
x 215 mm. Pp. 679-+- xiii. 1977. London: MIT Press. £28-00. 


Tuis book, though pertinent mainly to clinical practice in the 
United States, nevertheless contains fascinating reading for all. 
The historical review alone should be essential reading and the 
principles of ethics are grounded in the utilitarianism of John 
Stuart Mill. An interesting section on whether or not to tell the 
truth to patients, particularly cancer patients, discusses current 
attitudes which appear similar to ours, in that American 
patients are apparently seldom told the truth, but there is the 
admonition that this is an attitude of habit and we need more 
information to know whether or not it should stil! be supported. 
A small section by Cecily Saunders brings some rationalization 
into our current practice. The section on medical experimenta- 
tion is a well-balanced study by several authors of the various 
aspects of this problem. The volume ends with two excellent 
chapters related to priorities in the provision of medical care 
and the allocation of medical resources. 

This book is one that might well be referred to bv any of 
us who sit on ethical committees. Not every question we pose 
will be answered but it is likely that there will be a reference of 
some sort which will assist our decisions. 

C. G. CLARK 


Essentials of Human Metabolism: The Relationship of Bio- 
chemistry to Human Physiology and Disease 

W. C. McMurray. 235 x 150 mm. Pp. 308 +x. Hliustrated. 1977. 
London: Harper & Row. £11:20. 


THE author's intention is to explain the metabolic processes 
and their regulation in the human body, with emphasis on the 
relationship of biochemistry to physiology and disease in the 
human subject. The author claims that this is a less ponderous 
book than the standard texts on biochemistry written for 
medical students; this is undoubtedly true, but he has still 
managed to include an immense amount of detailed 
information. 

The book begins with 12 pages of definitions of various 
terms which are used later and 2 pages of acronyms and 
abbreviations; this is a valuable section. There follow chapters 
on the membrane structures of cells, the principles of formation 
of polymers, properties of enzymes and the genetic and other 
factors that modify their activities, energy systems and active 
transport processes. The various aspects of the metabolism of 
carbohydrates, lipids and nitrogen-containing compounds are 
discussed in relation to organ systems and abnormalities 
encountered clinically. The final chapter integrates the relation- 
ships between various organs and gives examples of the changes 
in reactions consequent upon starvation and obesity. There are 
many line diagrams and flow charts of metabolic processes 
which do much to illuminate the text. There is a good index 
and lists of suggested further reading after each chapter. 

This is an interesting book which reads well and is packed 
with information. It is intended for a future clinician; whether 
the modern medical student needs so much detail in order 
subsequently to care for patients is another matter. My 
impression is that it is probably far too comprehensive in 
detail for the British medical student, an admirable book for 
candidates for the first part of the Fellowship examination and 
a very useful and helpful reference book for the practising 
surgeon. 

A. W. WILKINSON 


Lymphocytes, Macrophages and Cancer 

Edited G. Mathé, I. Florentin and M.-C. Simmler. 240 x 165 mm. 

Pp. 160 -- ix, with 53 illustrations. 1976. Berlin: Springer-Verlag. 

DM56, US $23.00. 

Tuis book comprises a series of papers from a symposium held 

in Paris in June 1975, It is very expensive for its size and 

content, and much of it is already tending to be out of date. I 

feel that this book is of limited interest only to a specialist 

group, and I would not recommend it for a general readership. 
P. J. MORRIS 
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A Short Textbook of Surgery 

Selwyn Taylor and Leonard Cotton. Fourth edition. 210 x 130 
mm. Pp. 634--vi. MMlustrated. 1977. London: Hodder & 
Stoughton. £7:45 hardcovers, £3:95 papercovers. 

SURGERY in all its aspects is changing rapidly at present, so 
that any textbook becomes out of date within a few years. So 
state the authors in their preface to this book, which within 10 
years has passed through four editions and four reprintings, 
evidence of its popularity as a student textbook. Nevertheless, 
the opening statement places pressure on the authors to make 
certain that their text keeps pace with this acknowledged 
change. One of the aspects of this change that has occurred is 
the emphasis now placed on giving the student a more didactic 
and less detailed, yet broader knowledge of surgery. It is for 
this reason that the lecture note series in all subjects has gained 
in popularity. Another aspect is the greater emphasis on 
decision making and management in the care of the surgical 
patient. 

On reading through this edition, I felt that the necessary 
amendments to keep in line with current trends had not been 
made, and found myself reminded of the style of some of the 
older surgical texts which this book did so much to replace. 

Without being petty, it is difficult to fault the factual informa- 
tion, but in many sections there is a lack of hard data. Emphasis 
is also lacking, so that fundamentals are hard to grasp and the 
student will thus have difficulty in determining the important 
from the less important. 

My major criticism is that the references, given at the end of 
each chapter, are not recent. I find it depressing that in a 
chapter on fluid balance and parenteral nutrition the most 
recent reference is to a book which was published in 1960, and 
which has subsequently undergone two further editions. It is 
important that if guidance to further reading is given that 
up-to-date sources are quoted and that the information can be 
easily obtained in a hospital library. 

This is undoubtedly a good surgical text, providing an 
alternative to the lecture note approach, but if its present 
popularity is to continue more detailed editing will be required 
for the next edition. 

R. C. G. RUSSELL 


Malignant Melanoma of the Skin and Mucous Membrane 
G. W. Milton, V. J. McGovern and M. G. Lewis. 245 x 185 mm. 
Pp. 174--vi. 1977. Edinburgh: Churchill Livingstone. £12-00. 


THe clinical core of this book is based on Professor Milton's 
considerable experience of malignant melanoma as originally 
outlined in his Jacksonian Prize Essay of 1973. It is a very 
personal account of what amounts to his crusade against the 
disease, written partly in the first person singular and in a style 
which is sometimes a little ungainly. It contains practically all 
the surgeon needs to know about the management of the 
melanoma patient from diagnosis to death. The author's 
preferred surgical procedures for biopsy, definitive surgery and 
lymph node dissection for the various primary sites are 
described in detail, and this necessarily technical material is 
nicely balanced by a general philosophy of management. Too 
few textbooks consider the subject who bears the disease, and 
it is salutary to be reminded that the advent of evidence of 
incurability does not signal the end of the surgeon's responsi- 
bility to his patient. 

It is disappointing, though hardly surprising, to find that the 
indications for elective lymph node dissection are still imprecise. 
On p. 54 we are told to turn to p. 43 for the answer but this is 
not to be found there. The survival curves for lymph node 
dissection in chapter 7 do not separate the clinically or patho- 
logically positive nodes from the negative and thus are of 
limited value. 

Professor Milton could not have selected better coauthors 
than V. J. McGovern and Martin Lewis. Dr McGovern's 
chapter on aetiology and pathology is lucid and comprehensive. 
Martin Lewis takes us through the maze of tumour immun- 
ology as applied to melanoma with the ease of a master in his 
subject. 


Altogether, and some minor criticisms notwithstanding, 
this is an essential contribution to the management of the 
patient with malignant melanoma. In clarifying many points 
and destroying some myths it serves to counter much of the 
fear which has in the past been associated with this form of 
cancer. 

G. WESTBURY 


Tumours of Infancy and Childhood 
Edited Peter G. Jones and Peter E. Campbell. 235 x 160 mm. Pp. 
975 +- xvi. Illustrated. 1976. Oxford: Blackwell Scientific. £26:00. 


THE results of the treatment of some kinds of malignant disease 
in childhood have been very much improved in the past 10 
years, especially of leukaemia, rhabdomyosarcoma, retino- 
blastoma and nephroblastoma. Much of this improvement has 
been achieved by the concentration of the afflicted children in 
a small number of hospitals where the staff have a particular 
interest in this form of disease, and where surgeons, radio- 
therapists, chemotherapists and immunologists work together 
on the problems. Malignant disease is second only to accidental 
injury as the cause of death in children aged between 1 and 
14 years. 

These tumours are rare and success in their treatment 
depends a good deal on early diagnosis followed by prompt and 
precise treatment of the right kind for the type and stage of the 
individual tumour and patient. 

This book has been written by 24 members of the staff of the 
Royal Children's Hospital of Melbourne. It is based on their 
experience in the treatment of over 1600 children in the 
combined therapy clinic which was established in that hospital 
in 1964. They have also included some discussion of other 
non-malignant conditions to broaden their consideration of 
diagnosis and investigation but material pertaining to the 
so-called ‘solid tumours’ remains the important part of the 
book. 

There is a general discussion of malignant disease in child- 
hood followed by descriptions of various methods of radio- 
logical diagnosis and the techniques of biopsy and histological 
examination, chemotherapy and radiotherapy. Thereafter 
sections on the leukaemias, malignant lymphomas and 
histiocytosis are followed by systematic descriptions in con- 
siderable detail of all the other tumours which afflict children 
by regions and organs, together with appropriate references to 
the published work of others. 

This book is beautifully produced, with excellent illustrations 
and clear simple line diagrams; it does great credit to the 
publishers. There are good lists of references after most 
chapters and there is a very good index. There are useful 
appendices of normal biochemical and haematological values, 
the antineoplastic drugs and biopsy techniques. This book has 
been written particularly for paediatricians and paediatric 
surgeons; it is the best that has yet appeared on the subject and 
it is essential reading for all of them. It will also be of immense 
value to anyone who has any part in the treatment of a child 
with malignant disease. 

A. W. WILKINSON 


Breast Cancer. Progress in Clinical and Biological Research, 
Volume 2 

Edited A. C. W. Montague, G. L. Stonesifer and E. F. Lewison. 
230 x 150 mm. Pp. 549+ viii. Illustrated. 1977. New York: Liss. 
$38.00. 

Tuis book presents 42 brief papers given at a breast cancer 
conference in Switzerland in 1976. They cover the whole 
spectrum of interest in the disease--epidemiology, biology, 
diagnosis and treatment. The articles range from review type 
to reports of personal research or clinical experience, and vary 
greatly in their appeal to the general reader. 

For a young worker in the field of breast cancer, this volume 
would provide a broad, but not comprehensive introduction to 
the state of the subject in 1976. 

L. E. HUGHES 
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Proximal gastric vagotomy without drainage for 


duodenal ulcer: results after 5-8 years 
J. C. GOLIGHER, G. L. HILL, T. E. KENNY AND E. NUTTER* 


SUMMARY 

Experience with proximal gastric vagotomy without 
drainage in the treatment of 316 men with duodenal 
ulcer is surveyed, with particular reference to the 117 
who have been followed up for 5-8 years and whose 
results are compared with those obtained after other 
standard elective operations. 

There were no operative deaths. Symptoms sugges- 
tive of recurrent ulceration developed in 12-0 per 
cent of the entire series of 316 cases, but in only 3:8 
per cent was the presence of a recurrent ulcer defi- 
nitely established. In the 117 cases followed up for 
5-8 years similar symptoms were noted in 15-4 per 
cent, but the presence of a recurrent ulcer was proved 
in only 4:3 per cent. 

At 5-8 year follow-up dumping was virtually com- 
pletely absent and diarrhoea was significantly less 
than after truncal vagotomy with drainage or antrec- 
tomy, whilst there were insignificant reductions in 
the incidence of post-prandial epigastric fullness and 
bile vomiting. 

Visick grading at 5-8 years rated the result as 
excellent or very good in 75 per cent of the cases, as 
fair in 13 per cent and as a failure in another 12 per cent. 

The advantages and disadvantages of proximal 
gastric vagotomy without drainage relative to those 
of truncal vagotomy with drainage or antrectomy are 
discussed. 


THE operation with which this paper is concerned 
has been ascribed various names by different writers 
and it seems likely that these differences in terminology 
will persist. For example, one of the present authors 
(J.C.G.) considers that the most appropriate term 
for it is 'proximal gastric vagotomy' (Goligher, 
1974), whilst others have always preferred to call it 
*highly selective vagotomy' (Johnston and Wilkinson, 
1970). In Germany it is usually known as ‘selective 
proximal vagotomy' (Holle and Hart, 1967), whilst 
perhaps the commonest designation in the USA is 
‘parietal cell vagotomy’ (Amdrup and Jensen, 1970; 
Jordan, 1976). In this paper it will be referred to as 
proximal gastric vagotomy (PGY). 

Between 1969 and 1976 this operation was the 
main method in use for the elective surgical treatment 
of peptic ulcer in the University Department of 
Surgery in the General Infirmary at Leeds, other 
techniques being only very occasionally employed. 


i 


As a consequence a considerable experience of this 
operation and its results has been accumulated, and, 
now that a fair number of the patients so managed 
have attained a 5-8 year follow-up, we have attempted 
a critical assessment of the clinical value of the 
procedure. 

Up to 31 December 1976, 544 patients were sub- 
mitted to proximal gastric vagotomy without drainage 
for a variety of conditions, the commonest by far 
being duodenal ulcer (Table J). In this paper we shall 
confine our attentions essentially to the results in 
316 male duodenal ulcer patients (the other 7 male 
patients having had the operation being excluded 
because they had undergone coincidental cholecyst- 
ectomy) because most of our own well-documented 
information on the results of other standard surgical 
procedures for duodenal ulcer, which we intend to 
use as a yardstick in judging the achievements of 
proximal gastric vagotomy, relates to male cases 
(Goligher et al., 1964, 1968, 1972). 


Table I: CONDITIONS TREATED BY 544 PROXIMAL 
GASTRIC VAGOTOMIES WITHOUT DRAINAGE IN 
THE UNIVERSITY DEPARTMENT OF SURGERY, 
GENERAL INFIRMARY, LEEDS, 196976 INCLUSIVE 


alid tei 


Non-ulcer dyspepsia including hiatal hernia 36 
Gastric ulcer alone 53 
Gastric and duodenal ulcer combined 27 
Duodenal ulcer alone 
Female 105 428 
Male 323 
Totai 544 


It should be explained that these PGV operations 
were performed mainly by three consultant surgeons, 
with a number of procedures being done by senior 
registrars or registrars who had had a good exposure 
to peptic ulcer surgery. The operative technique 
employed has already been fully described (Johnston 
and Wilkinson, 1970; Goligher, 1974, 1977). It varied 
slightly from surgeon to surgeon, particularly in 
regard to whether the vagal trunks were initially 
isolated on the lower oesophagus or not, whether 
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the posterior nerve of Latarjet was defined before 
commencing the posterior part of the dissection, and, 
if so, whether this was done by viewing it through 
the specially divided greater omentum after turning 
up the stomach or through the original slit in the 
lesser omentum. Also the amount of antrum left 
innervated at the end of the operation varied from 
5 or 6cm to 10 or 1i cm as measured from the 
pyloroduodenal junction, in most instances being 
6-8 cm. A consistent feature was the exposure of 
not less than 5 or 6 cm of the lowermost part of the 
oesophagus, and sometimes as much as 7-5 cm was 
bared. No gastric drainage by pyloroplasty, gastro- 
enterostomy or gastric resection was employed as a 
primary procedure in any of the patients now being 
reviewed. 

In the adjudication on the late results a key role 
was played by the Gastric Follow-up Clinic, the 
detailed working of which has been described in 
connection with the Leeds/York trial (Goligher et al., 
1964). Patients who have had gastric operations 
normally attend this clinic at 6 months and then 
annually, and are assessed ‘blindly’ by a small panel 
of observers who are kept unaware of the precise 
operation that had been performed until they have 
recorded their collective verdict on various aspects of 
the result. For geographical reasons a few patients 
could not come to the clinic and were sent a question- 
naire instead, spoken to on the telephone or visited 
at home. Unfortunately some patients had died of 
intercurrent diseases subsequent to discharge from 
hospital and others were lost to follow-up because 
they had migrated abroad or for some other reason 
changed their address. 

In the clinical evaluation of an operative method 
for peptic ulcer it seems to us that there are four 
points that deserve consideration: the safety of the 
operation, its ability to cure the ulcer and prevent 
recurrence, its avoidance of troublesome side effects 
and its success overall in restoring the patient to a 
normal or nearly normal capacity for work and 
recreation. The capabilities of proximal gastric 
vagotomy will be examined according to each of 
these criteria in turn in the light of our experience 
and with some reference to the experiences of others. 


Safety of the operation 
That proximal gastric vagotomy is a very safe opera- 
tion is strongly implied by the fact that we have not 
had a single operative death in our series of 316 male 
duodenal ulcer patients, not even in the 40 cases 
treated as emergencies for perforation or haemor- 
rhage. (For the record, however, it should be mentioned 
that there was one immediate death from cerebral 
haemorrhage in the series of 105 women with duo- 
denal ulcer submitted to PGV, and another death 
from leakage and peritonitis in the group of 80 
patients with gastric ulcer—alone or combined with 
duodenal ulcer—treated by this operation together 
with excision of the gastric ulcer from inside the 
stomach through an anterior gastrotomy.) It is the 
general impression amongst surgeons using PGV 
that it is a very safe procedure, and a recent postal 
inquiry by Johnston (1975) on this point suggested 
that the immediate mortality was of the order of 
0:3 per cent in over 5500 operations. 

However, in this connection one should not over- 
look the great safety of the truncal vagotomy and 


drainage procedure, for there are several reports on 
series of cases treated by this method with immediate 
mortalities of 0-5 per cent or less (Kronborg, 1971; 
Kennedy et al., 1973). In our own published series of 
473 cases of duodenal ulcer treated by elective truncal 
vagotomy and gastroenterostomy or pyloroplasty 
there was only one operative death, a mortality of 
0-2 per cent (Goligher et al., 1964, 1972). 

In regard to the safety of PGV, one possible 
hazard is the occurrence of postoperative necrosis of 
the lesser curve of the stomach. The precise cause of 
this rare complication is uncertain; a number of 
instances have now been reported and not infrequently 
it has proved fatal (Johnston, 1975). We are very 
relieved that so far we have not encountered this 
mishap in any of our patients, but, as an additional 
safeguard against it during the past 2 years, one of 
us (J.C.G.) has made a practice of infolding the bared 
lesser curve at the conclusion of the operation. 


Ability to cure the ulcer and prevent recurrence 
Though cure of the ulcer and prevention of recurrent 
symptoms are naturally the primary aims of surgery 
for duodenal ulcer, unfortunately most ulcer opera- 
tions occasionally fail to achieve these objectives, some 
more frequently than others. However, unless an 
operation is able to offer fairly good protection 
against recurrence, it is unlikely to secure lasting 
favour as a form of surgical therapy, whatever its 
other advantages may be. 

One of the problems in regard to recurrent ulcer- 
ation after previous surgery has been to diagnose it 
with confidence. Of course the development of 
epigastric pain similar to that experienced before 
operation has always been recognized as highly 
suggestive of recurrent ulceration, and the occurrence 
of haemorrhage from the upper gastrointestinal tract 
has also, by convention, been regarded with consider- 
able suspicion as an index of further ulceration. To 
establish a firm diagnosis of recurrent ulcer has 
sometimes in the past been quite difficult short of 
laparotomy, for radiological examination of patients 
for recurrence after previous ulcer surgery, especially 
after vagotomy and pyloroplasty, is apt to be equi- 
vocal in its results and endoscopy with the older 
style of instruments frequently failed to provide a 
view of the duodenum. The findings of gastric acid 
studies can be helpful in diagnosis in so far as an 
early positive response to the Hollander insulin test 
indicates an incomplete vagotomy, but this does not 
necessarily prove the existence of further ulceration. 
In recent years the availability of much more efficient 
fibreoptic endoscopy equipment has been of great 
assistance—although still not absolutely infallible— 
in the identification of patients with possible recur- 
rent ulceration after gastric operations, and in the 
investigation of the present series of patients we have 
relied increasingly on oesophagogastroduodenoscopy, 
especially since 1972. 

Our experience, so far as recurrent ulceration after 
PGV is concerned, was initially highly favourable, 
for up to late 1974 we had had no case of proved 
recurrence. More recently, however, a number of 
definite recurrences have gradually come to light, 
making a total of 12 cases to date out of the series of 
316 male patients treated by PGV since 1969, Relevant 
details regarding these recurrent cases are given in 
Table If, It will be seen that most of them had only 


s 


Proximal gastric vagotomy without drainage 


Table If: CASES WITH PROVED RECURRENT ULCER AFTER PGV FOR DUODENAL ULCER 


Case 
no. 


1 


Oh å 


Amount of 

antrum left 

innervated 
(cm) 


5:5 
6:5 
10-0 
8-0 


Ts 
6:6 


TO 
8-0 


7.0 
6-0 


6:0 


Not recorded 


Result of 
postop. 
insulin test 
Late --ve 

Ve 
Early ve 


—NG 


NT 
—ve 


Early + ve 


-—ve 


Reduction 
of MAO 
(mEq/h) 


Preop. NT 
Postop. 15:63 
Preop. 39:72 
Postop. 20:91 
Preop. 74-34 
Postop. 47-10 
Preop. NT 
Postop. NT 
NT 

Preop. 59-22 
Postop. 35:31 
Preop. NT 
Postop. 48:21 
Preop. 46-05 
Postop. 16:62 
NT 

Preop. 39:18 
Postop. NT 
Preop. NT 
Postop. 20-46 
Preop. 58-02 
Postop. 23-67 


Site of 
recurrence 


Gastric 
Duodenum 
Duodenum 
Gastric 


Duodenum 
Duodenum 


Duodenum 
Duodenum 


Duodenum 
Gastric 


Duodenum 


Duodenum 


Period 
between 
op. and How 
recurrence recurrence 
(yr) proved 
5:5 OGD --ve 
| LAP -ve 
2 LAP +ve 
0-75 LAP -ve 
0-75 LAP + ve 
0-66 OGD --ve 
0-5 OGD --ve 
3 OGD +ve 
0-75 OGD -4-ve 
6 OGD -ve 
2 OGD --ve 
6 OGD -- ve 


AAAA a naaa iana A aam mnan a amiina anana 


NT, Not tested; OGD, oesophagogastroduodenoscopy; LAP, laparotomy; TV -+-GE, truncal vagotomy and gastroenterostomy. 


Treatment 
Medical 


Gastrectomy 


(D TV--GE 


(2) Gastrectomy 


Gastrectomy 


Gastrectomy 
Medical 


Medical 
Medical 


Medical 
Medical 


Medical 
Medical 
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Present Visick 
grade after 
reop. 


Table HI: FIVE CASES WITH STRONGLY SUSPECTED RECURRENT ULCER AFTER PGV FOR DUODENAL ULCER 


Amount of 
antrum left Result of Reduction 
Case innervated insulin of MAO 
no. (cm) test (mEq/h) 
I 7T.8 —Ve Preop. 50-16 
Postop. 25:53 
2 7:0 — Ve Preop. 37:02 
Postop. 16°77 
3 11-5 Late --ve Preop. 52-56 
Postop. 36-00 
4 6-5 Late -+ve Preop. 53:28 
Postop. 37-14 
5 70 -VE Preop. 44-07 
Postop. 6:51 


Period between 


op. and Present 
suspected How recurrence Visick 
recurrence (yr) disproved Treatment grade 
0-25 LAP —ve Pyloroplasty IV 
1 LAP —ve Gastrectomy IV 
3 LAP —ve TV+GE i 
0:5 LAP -—ve Gastrectomy il 
2 OGD equivocal Medical 1V 


LAP, Laparotomy; OGD, oesophagogastroduodenoscopy ; TV -+GE, truncal vagotomy and gastroenterostomy. 


5-5-7-5 cm of antrum left innervated at the conclusion 
of their operations, and of the 10 patients submitted 
to gastric analysis 6 had negative and 4 had positive 
responses (2 early and 2 late) to the Hollander insulin 
test. The recurrent ulcers were sited in the duodenum 
in 9 cases and in the pyloric part of the stomach in 3. 
Four of the patients have been treated for their 
recurrence surgically, usually by resection, and 8 by 
medical means. 

It should be mentioned also that 5 other patients 
were very strongly suspected to have recurrent 
ulcers—a suspicion that was not confirmed at re- 
laparotomy in 4, though a further anti-ulcer operation 
was performed on all of them, and on the fifth patient 
endoscopy gave an equivocal verdict (Table HI). 
In addition, at various stages after operation 21 
patients have been regarded as possibly having re- 
current ulceration, but this diagnosis was abandoned 
because of negative oesophagogastroduodenoscopy, 
often repeated on two or three occasions. To the 
best of our knowledge, these 21 patients do not have 
recurrences, but the fact remains that many of them 
continue to complain of pain and all of them are to 


some extent disappointed with the outcome of their 
operations, 6 being currently in Visick grade IV 
and 15 in grade III (see Table VIII for definition of 
grades). 

However, it is difficult to gauge accurately the 
tendency to recurrent ulceration in a continuing 
series of cases such as our group of 316 patients, 
many of whom have had their operations within 
the past 1-2 years and have thus not had time to 
display their full potential in this respect. A more 
reliable estimate of recurrence is that based solely on 
consideration of the results in patients who had their 
operations done at least 5 years ago. In our series of 
316 patients there were 136 who fell into that category; 
unfortunately 4 of these patients have died of inter- 
current disease since discharge from hospital and 15 
others cannot be traced owing to changes of address. 
The remaining 117 patients have all been followed up 
for roughly 5-8 years since operation and have 
recently been surveyed especially for this study.* 





* Actually the follow-up period in 19 of the cases fell just short 
of 5 years by 1-5 months. 


* * 
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Table IV: RECURRENT ULCERATION 5-8 YEARS AFTER VARIOUS OPERATIONS FOR DUODENAL ULCER 


IN MALE PATIENTS 


Leeds/York prospective randomized controlled trial 


TV+ANT 
(116 cases) 


TV+GE 
(119 cases) 


Degree of certainty of 
diagnosis of recurrent ulcer 


Separate study Separate study 
TV -+ PY PGY 


Subtotal gast. I 
(164 cases) (117 cases) 


(107 cases) 


Proved at laparotomy or by 3 (LAP -+ ve) 0 1 (LAP ~- ve) 11 (LAP +ve) §(2 LAP + Ve; 
endoscopy 3 OGD ve) 

Strongly suspected but not 4 (2 melaena; 2 (1 melaena; | (melaena) 7(6 LAP —ve; 4(3 LAP —ve; 
proved 2 severe pain) | severe pain) | severe pain) 1 OGD eq. 


More dubious 3 (severe pain) 


Total 10 6 

Rate of proved recurrent 2:$ 0 
ulceration (7) 

Incidence of recurrent symptoms 8-4 5:2 


C) 


4 (severe pain) 


severe pain) 


3 (severe pain) 5 (severe pain) 9 (severe pain, 


OGD —ve) 
5 23 18 
0-9 6-7 43 
4-6 14-0 15-4 


TV-F-GE, Truncal vagotomy and gastroenterostomy; TV + ANT, truncal vagotomy and antrectomy; Gast., gastrectomy; 
TV -- PY, truncal vagotomy and pyloroplasty; PGV, proximal gastric vagotomy; LAP, laparotomy; OGD, oesophago- 


gastroduodenoscopy; eq., equivocal. 


Proved ulcer; PGV v. TV -- ANT, difference significant (P 0-005); PGV v. subtotal gastrectomy, difference not significant 


(P= 0:05). 
Total recurrent symptoms: PGV v. TV -- GE, difference not si 


gnificant (P = 0-05); PGV v. TV - PY, difference not significant 


(P = 0-05); PGV v. TV+ ANT, difference significant (P 0:025); PGV v. subtotal gastrectomy, difference significant 


(P«0-025). 


Table V: INCIDENCE OF RECURRENT ULCERATION 
TO VARIOUS AUTHORS 


No. 
Authors treated 
Wastell et al, (1974) 50 
Kronborg and Madsen (1976) 50 
Hallenbeck et al. (1976) 56 
Liavàg and Roland (1976) 380 
Holst-Christensen et al. (1977) 206 
Kennedy and Johnston (1976) 250 
and Kennedy (1977) 

de Miguel (1977) 99 
Amdrup et al. (1977) 56 


We have a great deal of reliable information 
available on the 5—8-year results of the various 
standard elective surgical procedures for duodenal 
ulcer derived from the Leeds/York controlled trial 
of truncal vagotomy and gastroenterostomy, truncal 
vagotomy and antrectomy and subtotal gastrectomy 
(Goligher et al., 1972) and from another study of the 
late results of truncal vagotomy and pyloroplasty 
(Goligher et al., 1972). In examining the incidence of 
recurrence (and subsequently other aspects of the 
late results as well) in these 117 male patients who 
were treated by PGV we propose to compare the 
results with those obtained in our series of patients 
treated by the other operations. Admittedly such a 
comparison is open to criticism, for the patients 
were not randomly allocated as between PGV and 
the other procedures, though they were so allocated 
to the various operations in the Leeds/York trial. 
The respective series of patients may thus not be 
similar and we are only too well aware of two or 
three scores on which they certainly were not com- 
parable, though whether these differences would 


AFTER PGV FOR DUODENAL ULCER ACCORDING 


Period of 
follow-up 
(yr) No. of recurrences 
2-5 3 (6%) 
1-4 11 (22%) 
025-4 7 (12:522) 15-497, in 39 cases with limited 
exposure of oesophagus; 6% in 
17 cases who had greater 
oesophageal dissections 
3-6 16 (4-272) 12 recurrences in stomach 
1-4 25 (12%) 23% in 56 cases with less than 
2:5 cm of oesophagus exposed; 
85, in 150 cases who had more 
extensive oesophageal 
dissections 
1-8 6 (6-877) 
3-6 6 (6% 
5-7 6 (10%) 


materially affect the results is a matter for conjecture. 
Thus the patients in the Leeds/York trial and in our 
vagotomy and pyloroplasty study all had elective 
operations undertaken mainly by a group of eleven 
consultant surgeons working in three hospitals. The 
PGV cases, on the other hand, were done 5-10 years 
later, chiefly by three consultants all working in the 
university department of one hospital, and the 
patients included 9 whose operations had been per- 
formed at the time of complications (perforation in 
4, treated by suture; haemorrhage in 3, managed by 
duodenotomy and underrunning; and duodenal 
stenosis in 2, stretched by anterior gastrotomy and 
passage of a finger or Hegar's dilators). As against 
these criticisms should be set the fact that the assess- 
ment of the late results has been conducted in a 
uniform manner throughout, all the patients inter- 
viewed in the previous studies and in the present 
study having been interrogated by one of the authors 
(J.C.G.) together with varying groups of colleagues. 

The incidence of recurrence at 5-8-year follow-up 
in our previous studies and in the current study of 


» 
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Table VI: INCIDENCE OF SIDE EFFECTS 5-8 YEARS AFTER VARIOUS ELECTIVE OPERATIONS FOR 


DUODENAL ULCER 

Leeds/York trial 
TW -- ANT 
(7, of about 


TV --GE 
(% of about 


Symptom 119 cases) 116 cases) 
Epigastric fullness 40-2 36:3 
Early dumping 17-9 8-6 
Nausea 12-8 17:2 
Bile vomiting 14-5 13:8 
Food vomiting 4-3 9:6 
Flatulence 17-9 22-8 
Heartburn 19-8 13:7 
Diarrhoea 26-3 23:2 


Separate study Separate study 


Subtotal gast. TV+PY PGV 
(°4 of about (% of about (°% of about 
107 cases) 161 cases) 117 cases) 
36-5 37-1 30-8 
21-5 11-9 0-9 
2344 17-6 15-4 
13:1 10-1 6:3 
5-6 4-4 8:6 
19-8 20-1 19-2 
8-4 12-6 13-2 
6-5 21-7 5-1 





TV-- GE, Truncal vagotomy and gastroenterostomy; TV -- ANT, truncal vagotomy and antrectomy; Gast., gastrectomy; 
TV 4- PY, truncal vagotomy and pyloroplasty; PGV, proximal gastric vagotomy. 


Table VII: INCIDENCE, TYPE AND SEVERITY OF DIARRHOEA 5-8 YEARS AFTER VARIOUS ELECTIVE 


OPERATIONS FOR DUODENAL ULCER 


Leeds/York trial 


TV+GE TV+ANT 
Type and severity (95 of (% of 
of diarrhoea 118 cases) 112 cases) 
Mild or moderate 21:2 20-5 
Episodic 20-4 17.8 
Constant 0-8 2-7 
Severe 5:1 2:7 
Episodic 5:1 2:7 
Constant 0-0 0-0 
All types 26-3 23:2 


Separate study Separate study 


Subtotal gast. TV--PY PGV 
(% of (% of (% of 
107 cases) 161 cases) 117 cases) 
5-6 17:4 344 
4.4 1r8 3-4 
1-9 5-6 0:0 
0-9 43 1-7 
0-0 3-1 1:7 
0-9 1-2 0-0 
6:5 21-7 51 


PS a a a 
TV-+GE, Truncal vagotomy and gastroenterostomy; TV -+ ANT, truncal vagotomy and antrectomy; Gast., gastrectomy; 
TV 4- PY, truncal vagotomy and pyloroplasty; PGV, proximal gastric vagotomy. 


PGV is shown in Table IV. We have had to bear in 
mind that in making the decision regarding recurrent 
ulceration in most of the PGV cases we have had the 
assistance of modern endoscopy, whereas in the other 
series of cases this method was not available and the 
diagnosis of recurrence was more often in doubt. Thus 
in the previous series the surgeons were possibly more 
ready to resort to laparotomy on a suspicion of re- 
current ulcer, especially in cases treated by vagotomy 
and pyloroplasty where the radiological evidence was 
particularly unreliable. Accordingly, to secure a fairer 
comparison, we have grouped the PGV patients in the 
same subgroups as regards the degree of clinical 
. suspicion of recurrent ulceration as were recognized in 
the analysis of our earlier series. 
The incidence of recurrent symptoms and of 


recurrent ulceration after PGV would seem to be 


very similar to that after truncal vagotomy and 
either gastroenterostomy or pyloroplasty and higher 
than that after truncal vagotomy and antrectomy or 
subtotal gastrectomy. The difference between the 
‘incidence of proved recurrent ulcer after PGV and 
after truncal vagotomy and antrectomy is just 
significant (P = 0-05), but that between the incidence 
after PGV and after subtotal gastrectomy is not 
at the P= 005 level. However, the differences 
between the overall incidence of recurrent ulcer 
* symptoms after PGV and after either truncal vago- 
tomy and antrectomy or subtotal gastrectomy are 
statistically significant (P « 0-025). Certainly our inci- 
dence of proved recurrent ulcer after PGV is lower 
than the estimate of most other authors, usually 
based on smaller series than ours and followed up for 
shorter periods of time (Table V). Amdrup et al. 


Table VIII: OVERALL GRADING OF RESULTS 
(MODIFIED VISICK CLASSIFICATION) 


Grade Definition 


Ó Excellent 
li Very good 


Absolutely no symptoms. Perfect result 

Patient considers result perfect, but 
interrogation elicits mild occasional 
symptoms easily controlled by minor 
adjustment to diet 

Mild or moderate symptoms not 
controlled by care, causing some 
discomfort, but patient and surgeon 
satisfied with result, which does not 
interfere seriously with life or work 

Moderate or severe symptoms or 
complications which interfere 
considerably with work or enjoyment 
of life; patient or doctor dissatisfied 
with result. Includes all cases with 
proved recurrent ulcer and those 
submitted to further operation, even 
though the latter may have been 
followed by considerable sympto- 
matic improvement 


IH Satisfactory 


iV Unsatisfactory 


(1977) have conducted a comprehensive survey of 
the literature on the subject, and we only refer in 
Table V to a few of the other series reported by authors 
with whose work we are particularly familiar. It may 
be that they have included some cases with recurrent 
symptoms but without proved ulcer or that some of 
our cases in the latter category may eventually be 
found to have an ulcer. In connection with the 
findings of Hallenbeck et al. (1976) and Holst- 
Christensen et al. (1977) that a fuller exposure of the 
oesophagus during PGV seemed to be followed by 


* 
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Table IX: VISICK GRADING 5-8 YEARS AFTER VARIOUS OPERATIONS FOR DUODENAL ULCER IN MALE 


PATIENTS ; T 
: Leeds/York controlled trial Separate study Separate study 
TV --GE TV+ANT Subtotal gast. TV+PY PGV 
% of (% of % of (% of % of 
Visick grading 119 cases) 116 cases) 107 cases) 164 cases) 117 cases) 
1 Excellent 441. 50 49 45 56 
Il Very good 26 p 9 M ag f 7 2r os 
HI Satisfactory 19 14 17 18 13 
IV Unsatisfactory 1i 8 6 l4 12 


TV -- GE, Truncal vagotomy and gastroenterostomy; TV + ANT, truncal vagotomy and antrectomy; Gast., gastrectomy; 
TV -- PY, truncal vagotomy and pyloroplasty; PGV, proximal gastric vagotomy. 


Table X: CAUSES OF FAILURE IN 14 VISICK IV 
CASES 5-8 YEARS AFTER PGV WITHOUT 
DRAINAGE FOR DUODENAL ULCER 


Case 
1 
l Recurent ulcer proved on endoscopy, medical 
3 treatment 
4 Recurrent ulcer->gastrectomy (D* 
5 Recurrent ulcer» TV +- GE— gastrectomy (III)* 
6 Severe pain relaparotomy, no ulcer, PY (1V)* 
7 Severe pain—relaparotomy, no ulcer, PY (IV)* 
8 Severe pain->relaparotomy, no ulcer, TV + PY (HD)* 
9 Severe pain, endoscopy equivocal, X-ray positive, 
medical treatment 
10 
n. Severe pain, endoscopy negative, medical treatment 
12 J 
13 Severe postprandial epigastric fullness, no pain or 
vomiting, patient very dissatisfied 
14 J Postoperative gastric retention—relaparotomy and 


GE (HD* 
* [ndicates what would be the patient's Visick grading since 
reoperation if he were not by convention retained 
permanently in grade IV. 
TV, Truncal vagotomy; GE gastroenterostomy; PY, 
pyloroplasty. 


a lower incidence of recurrence, we would merely 
point out again that this more extensive oesophageal 
dissection has been a regular feature of the operation 
as performed by us from the commencement of our 
series, though how it might make a difference to 
the tendency to recurrent ulceration is difficult to 
understand. 


Avoidance of side effects 

The main advantage claimed for PGV without an 
accompanying gastric drainage procedure, when 
this operation was first advocated for the treatment 
of duodenal ulcer by Amdrup and Jensen (1970) 
and Johnston and Wilkinson (1970), was that it 
might be followed by fewer undesirable side effects, 
particularly diarrhoea and dumping, many of which 
after truncal vagotomy were surmised to be due to 
the gastroenterostomy or pyloroplasty performed 
with the ordinary vagotomy. Good evidence has 
since been provided by Humphrey and Wilkinson 
(1972), Humphrey et al. (1972), Johnston et al. (1972), 
Kennedy et al. (1973) and Kronborg and Madsen 
(1975) that the operation is mainly successful in these 
respects. These conclusions are further substantiated 
by the present study, for, as shown in Table VI, there 
is a significantly lower incidence of dumping and 
diarrhoea 5-8 years after PGV than after most of the 
other operations, and an insignificantly lower incidence 
of epigastric fullness and bile vomiting even when PGV 


is compared with all the other operations collectively 
(P = 0:05). Other side effects such as nausea, heartburn 
and food vomiting occurred with much the same 
frequency after PGV as after other procedures. The 
data regarding diarrhoea are given in greater detail 
in Table VII. 


Overall assessment of patient's fitness 

For the purpose of judging the overall results of 
gastric operations we have for many years used a 
slight modification of the Visick (1948) system of 
grading which is defined in Table VIII. Applying 
this system of grading to the series of patients 5-8 
years after the various operations gave the findings 
recorded in Table IX. The figures for PGV seem 
better than those for truncal vagotomy and drainage— 
especially vagotomy and  pyloroplasty—but the 
differences between the scores in grades I and II 
combined and in grade IV for these operations fail to 
reach statistical significance. But if grade I (absolutely 
perfect) results alone are considered, PGV has a 
higher proportion of patients in this grade than any 
of the other operations, and the difference between 
this procedure and vagotomy with gastroenterostomy 
or pyloroplasty is just significant at the P= 0-05 
level, but that between PGV and subtotal gastrectomy 
or vagotomy and antrectomy is not. Indeed, the 
Visick results of PGV and of truncal vagotomy and 
antrectomy and subtotal gastrectomy are remarkably 
similar, at any rate, so far as grades I and Il combined 
are concerned. It is important to emphasize, however, 
that these results with PGV were achieved without 
operative mortality. Admittedly the same can be 
said for our series of patients treated by the two 
resection operations, but the lack of mortality in those 
instances was perhaps partly due to the occasional 
use of an ‘escape clause’ in the Leeds/York trial, 
which permitted the rejection of cases with specially 
adherent ulcers likely to give rise to technical diffi- 
culties and dangers if treated by subtotal gastrectomy 
or vagotomy and antrectomy (Goligher et al., 1964). 
It would probably be agreed by most surgeons that, 
if resection—in the form either of truncal vagotomy 
and antrectomy or of subtotal gastrectomy— were 
to be used routinely for all cases of duodenal ulcer 
coming to elective operation, it would be difficult to 
avoid at least one or two operative deaths in a group 
of 250 patients submitted to surgical treatment, 
whereas we have shown that it is quite possible to 
treat a series of that size—and larger—by PGV with- 
out any deaths at all. 

Grade IV comprises the frank failures, and in 
Table X are listed the reasons for failure in the cases 
graded thus after PGV. (Similar analyses of the grade 
IV cases after the other operations are given in our 


Table XI: VISICK GRADING 5-8 YEARS AFTER VARIOUS OPERATIONS FOR DUODENAL 
ULCER IN MALE PATIENTS INCORPORATING THE RESULTS OF ANY REOPERATIONS 


Leeds/York controlled trial 


TV+GE TV+ANT 
C of (% of 
Visick grading 119 cases) 116 cases) 
1 Excellent 44 51 
H Very good 26 m y p8! 
IH Satisfactory 20 14 
IV Unsatisfactory 10 5 


Proximal gastric vagotomy without drainage 151 
Separate study Separate study 
Subtotal gast. TV+PY PGV 
% Of (% of (% of 
107 cases) 163 cases)* 117 cases) 
49 47 57 
7 2pm 19 76 
17 22 15 
6 6 9 


TV +GE, Truncal vagotomy and gastroenterostomy; TV -+ ANT, truncal vagotomy and antrectomy; Gast., gastrectomy; 
TV+PY, truncal vagotomy and pyloroplasty; PGV, proximal gastric vagotomy. 


* One patient died after reoperation. 


previous publication--Goligher et al, 1972). If, 
after reoperation for recurrence or for other undesir- 
able consequences of the initial operation, the patients 
are allowed to change their Visick gradings according 
to the symptomatic improvement achieved, instead 
of being retained permanently in grade IV, the 
effect is to improve the performance of all types of 
primary operation somewhat (Table XI), but the 
relative differences between the results of the various 
methods remain much the same. 


Conclusions 

Proximal gastric vagotomy without drainage for 
duodenal ulcer is a very safe operation which is 
followed by significantly fewer serious side effects 
than are most other elective operations and by good 
overall results. Unquestionably the most disturbing 
aspect of the results of PGV is the occurrence of 
further ulcer symptoms in 12-15 per cent of the 
patients, even though these were shown to be associ- 
ated with a definite recurrent ulcer in only approxi- 
mately 4 per cent. It is to be hoped that the recurrence 
rate does not rise further on longer follow-up to 
reach the levels reported by some other authors. 

As compared with vagotomy and drainage—its 
main contender for surgical favour in Britain—it is 
at least as safe, seems to offer as good or nearly as 
good protection against recurrent ulcer symptoms, is 
certainly followed by less dumping and diarrhoea 
and gives slightly, but for the most part not signifi- 
cantly, better overall results. (A disadvantage often 
attributed to PGV, namely that it is technically 
somewhat more difficult to perform, need not be a 

"serious deterrent except when dealing with grossly 
Obese patients.) 

As against truncal vagotomy and antrectomy— 
perhaps its main rival in the USA—PGV without 
drainage is certainly less effective in avoiding further 
ulcer symptoms, but it unquestionably causes fewer 
serious side effects, gives roughly similar overall 
results and is intrinsically a safer operation. 
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SUMMARY 

In three centres, 222 patients (Birmingham 70, London 
87 and Rotterdam 65 patients) with chronic duodenal 
ulcer were treated by proximal gastric vagotomy (PG V) 
(116 patients) or truncal vagotomy and antrectomy 
(TVA) (106 patients) in a prospective randomized trial. 
After 1 year 5 recurrent duodenal ulcers (4:3 per cent) 
have been recorded in the PGV group, compared with 
I (1 per cent) in the TVA group. The reoperation rate 
was high in both groups—6 after PGV, usually for 
recurrent ulcer, and 7 after TVA, mostly for gastric 
retention. 

PGV showed a marked superiority in the number of 
patients with a good clinical result (Visick I or ID) at 1 
year after operation, i.e. 82 per cent compared with 
56 per cent for TVA. 


THE trial was designed to compare the results of two 
contrasting operations for chronic duodenal ulcer, 
proximal gastric vagotomy (PGV) and truncal 
vagotomy and antrectomy (TVA). PGV is known to 
produce little interference with the anatomy and 
physiology of the stomach, whereas TVA is one of the 
most radical procedures to reduce acid output. 

Patients having PGV have been reported to 
achieve good long term clinical results with fewer side 
effects than those who have had other operations 
such as vagotomy and drainage and partial gastrec- 
tomy (Amdrup et al, 1974; Johnston et al., 1975; 
Kennedy et al, 1975), but some workers have 
reported a disturbing incidence of recurrent ulceration 
after PGV, often within 2 years of operation (Fawcett 
et al., 1969; Wastell et al., 1972; Small, 1973; Jordan, 
1974; Kronborg and Madson, 1975). 

TVA is a very effective procedure for reducing 
gastric acid output and is recommended by some 
surgeons particularly for patients with a high pre- 
operative acid output (Bruce et al., 1959; Small et al., 
1967; Kronborg, 1972; Robbs et al., 1973; Kronborg, 
1974). However, antrectomy is said by some to be 
accompanied by a higher operative mortality (Cox et 
al., 1969; Herrington, 1969; Johnston et al., 1975) and 
is associated with an increase in symptomatic side 
effects (Amdrup et al., 1974) and greater long term 
weight loss (Goligher et al., 1968). 

Johnston et al. (1975) concluded that antrectomy is 
not required even in patients with high acid secretion 
provided that the incidence of incomplete vagotomy 
can be kept low. 

The present trial was conducted in three centres to 
increase the rate of entry of patients requiring opera- 
tion. So that there should be no doubt that all the 
patients in the trial were operated upon for active 
duodenal ulceration, admission to the trial required 
the demonstration of an uker crater on fibreoptic 
endoscopy. This paper describes the interim results 
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with details of mortality and complications in 222 
patients who entered the trial; 116 patients had a 
PGV and 106 underwent TVA. In the 160 patients 
who have been followed up more than 1 year after 
operation, symptoms and Visick grading have been 
recorded as well as details of reoperation and the 
recurrent ulcer rate. Of these 160 patients, 82 had 
undergone PGV and 78 TVA. 


Patients and methods 

From January 1973 to February 1976 222 patients were entered 
into the trial at three centres (General Hospital, Birmingham, 
70; University Hospital, Rotterdam, 65; and Hammersmith 
Hospital, London, 87). All had chronic duodenal ulceration 
proved by endoscopy and most had undergone barium mea! 
examination. All patients with associated gastric ulcer and 
pyloric or duodenal stenosis were rejected from the trial. Basal 
acid output and maximal and peak acid output after penta- 
gastrin (dose 6 ug/kg body weight intramuscularly) were 
measured before operation and recorded, but the results were 
usually unknown to the surgeon when the operation was 
randomly selected. 

After the abdomen was opened the feasibility of performing 
either operation was established and the presence of other gross 
gastrointestinal disease, such as gastric ulcer or gallstones, was 
excluded. A card was then drawn from a selection which had 
been randomly arranged by computer. 

If PGV was selected the body and fundus of the stomach 
were denervated, preserving the nerves of Latarjet to the 
antrum up to 7 cm from the pylorus. The antrum was not 
marked by an intragastric pH probe or by Congo red staining 
techniques, nor was intraoperative pH testing performed. The 
lower 3-4 cm of oesophagus and the proximal 3 cm of fundus 
were cleared of fibres as well as the cardia and the lesser curve. 

If TVA was selected the main vagal trunks and small nerve 
fibres were divided at the lower oesophagus. The antrum was 
excised by dividing the duodenum, usually distal to the ulcer, 
and the stomach proximal to the incisura more than 8 cm from 
the pylorus. A Billroth I gastroduodenal reconstruction was 
carried out after partial closure of the lesser curve. Sometimes 
technical difficulty was experienced in anastomosing to a 
grossly scarred duodenum, and if a Billroth If (or Polya} 
reconstruction had to be carried out the patient was excluded 
from the trial. 

Table I indicates the number of patients who entered the tria! 
at each centre, their sex distribution and the number of patients 
who have been followed up for 1 year. Statistical methods used 
to analyse the results were y? with Yates's correction or Fisher's 
exact test if any of the cells of the y? contained an expected 
number of 5 or less. 


Results 


Postoperative complications 


Immediate postoperative complications were recorded 
in the patients’ notes and the details are shown in 
—— € EDS SHOPPER: 
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Table II. Full data are available for 192 patients. The 
most common complication was respiratory infection, 
defined as ‘clinical or radiological signs of infection in 
the chest persisting for at least 2 days’, but statistically 
there was no significant increase in the incidence of 
respiratory infection after TVA compared with PGV. 

There is a significant increase in the total number of 
complications after TVA (59 complications in 90 
patients) compared with PGV (32 complications in 
102 patients) (P < 0-0005). 


Mortality 

There was 1 postoperative death; this patient died | 
month after TVA as a consequence of an anastomotic 
leak. Two other patients in the trial have since died, 
one 5 months after TVA suddenly at home following 
a myocardial infarction, and the other, 18 months 
after PGV following intestinal obstruction associated 
with a previous lower abdominal laparotomy 
performed in 1964. 


Reoperation and recurrent ulcer rate 

Details of reoperation in the three centres are listed in 
Table HI. Of patients who were treated by PGV, 6 
underwent reoperation, mainly for recurrent ulcer, and 
7 of the TVA patients had a second operation, mainly 
for gastric retention. 

From the three centres, 5 recurrent duodenal ulcers 
have been recorded after PGV and 1 after TVA, all 
proved endoscopically. Three of the PGV patients 
required reoperation for recurrent duodenal ulcer: 2 
were treated by TVA and 1 by partial gastrectomy 
after a perforation. The 2 other patients with recurrent 
ulcer after PGV have relatively minor symptoms and 
have only superficial lesions of the duodenal mucosa 
on endoscopy. The patient with recurrent ulcer after 
TVA was found to have an incomplete vagotomy at 
reoperation, when a residual anterior branch of the 
vagus nerve was divided. 

Based on Fisher's exact test, there is no statistical 
difference in the recurrent ulcer rate between PGV and 
TVA after 1 year. One patient with a gastric ulcer 
after PGV was treated by gastric resection and 
a Roux-en-Y anastomosis and 1 with oesophagitis 
underwent antrectomy and a bile diversion procedure. 
The patient with postbulbar stenosis after PGV under- 
went gastrojejunostomy. Of the 4 patients with gastric 
retention after TVA, 2 underwent a stomaplasty and 
2 gastrojejunostomy. Oesophagitis in 1 patient after 
TVA was treated with a hiatus hernia repair followed 
by little improvement. There is evidence of gastric 
outlet obstruction. The patient with ileus after TVA 
underwent laparotomy on the third postoperative day 
because of distension with 'peritonism'. 


Symptoms after 1 year—Visick grading 

The 160 patients who had completed a year since 
operation were interviewed by a surgeon in each centre 
who did not know the nature of their operation. 
Patients were asked about the presence or absence 
of the symptoms listed in Table IV and a Visick 
grading was made. 

There is a greater incidence of all symptoms 1 year 
after TVA than PGV (after PGV 37 symptoms were 
recorded in 82 patients compared with 92 symptoms 
in 78 patients after TVA). The greatest difference is 
seen in the incidence of epigastric fullness after meals, 
a complaint of 36 per cent of the TVA patients who 
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Table I: DETAILS OF PATIENTS ENTERED AT 
EACH CENTRE 


Birmingham London Rotterdam Total 


Patients entered 70 87 65 222 

Male 55 73 48 176 

Female 15 14 i7 46 

Patients followed 42 64 54 160 
up for 1 vr 
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Table H: POSTOPERATIVE COMPLICATIONS 


PGV TVA 
(n= 102) (n — 90) 


Wound infection 
Wound dehiscence 
Anastomotic leak 
Haemorrhage 
Obstruction 

Abscess 

Respiratory infection 
Venous thrombosis 
Pulmonary embolism 
Dysphagia 

Other complications 


Total 
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Table HI: DETAILS OF REOPERATIONS 


Nu MD ERREUR EUN RUM ALONE 
PGV (n= 82) 
Recurrent duodenal ulcer 
Gastric ulcer 
Oesophagitis id) 
Postbulbar stenosis 1 A} 


Total 6 


3 QR, IL) 
1 (R) 


TVA (n= 78) 

Recurrent duodenal ulcer 
Gastric retention 
Oesophagitis 

Heus 


Total 7 
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B, Birmingham; L, London; R, Rotterdam. 


Table IV: SYMPTOMS 1 YEAR AFTER OPERATION 
IN 160 PATIENTS 


PGV TVA 
{n = 82) (n = 78) P 
Abdominal pain 9 10 n.s. 
Dumping 2 7 n.s. 
Diarrhoea 4 11 «0-05 
Epigastric fullness 8 28 «c 0-0005 
Heartburn 8 18 « 0-05 
Dysphagia 0 3 ns. 
Vomiting 6 15 «0-05 
Total 37 92 <0-01 
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Table V: VISICK GRADING AFTER 1 YEAR IN 
160 PATIENTS 


Visick grade PGV TVA P 
I 45 (55%) e, 19 24%) <0-001 
H 22 O04 827 25 GA sene D 
HI 6 (744) 19 (24% « 0:01 
IV 9 (11%) 15 (1974 





were interviewed, compared with 9 per cent of those 
who had undergone PGV (P<0-0005). There is a 
marked superiority in the number of patients with a 
good clinical result more than 1 year after PGV; 
82 per cent were graded Visick I or H, compared with 
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56 per cent of patients who had undergone TVA 
(Table V). 


Discussion 

The preliminary results of this trial demonstrate the 
superiority of PGV over TVA as far as postoperative 
complications and symptoms are concerned. The 
incidence of postoperative complications and side 
effects is comparable with that after PGV reported by 
other workers (Amdrup et al., 1974; Johnston et al., 
1975; Kennedy et al, 1975). PGV satisfies the first 
two of the three criteria used to judge the results of 
peptic ulcer surgery (Editorial, 1975): first, the risk to 
life of effective surgical treatment; secondly the 
incidence of residual gastrointestinal symptoms; 
thirdly, the risk of late nutritional deficiencies. The 
first two criteria are well satisfied by the results of 
PGV in this trial, but there are as yet no data to 
support the third. However, with an intact, partially 
innervated stomach and very few postoperative 
symptoms, a good nutritional state should be expected. 
This could not necessarily be claimed after TVA, 
when only a small stomach remains. Goligher et al. 
(1968) reported long term weight loss after antrectomy. 

The total incidence of immediate postoperative 
complications is higher after TVA than after PGV, 
but there is no statistical difference between individual 
complications after the two operations. 

No deaths occurred after PGV but one death, 1 
month after TVA, was directly related to an anasto- 
motic leak. A higher mortality after antrectomy has 
been recorded by other workers (Cox et al, 1969; 
Herrington, 1969; Johnston et al., 1975). 

One year after TVA the incidence of symptoms is 
disturbingly high, a total of 92 symptoms being 
recorded in 78 patients, with many patients having 
more than one symptom. 

The risk of effective surgical treatment includes not 
only the risk of the primary operation but also the 
risk of a consequent operation to treat the complica- 
tions. Five recurrent duodenal ulcers and 1 gastric 
ulcer have already been diagnosed 1 year after PGV 
in this series, compared with | recurrent ulcer following 
TVA, which was associated with an undivided main 
vagal trunk. However, only 3 of the patients with 
recurrent duodenal ulcer have required reoperation; 
the other 2 patients had relatively few symptoms from 
duodenal ulceration seen at endoscopy, and only 
minor superficial erosions of the bulb. The difference 
in recurrent ulcer rate after two operations is not 
statistically significant after 1 year but may become 
so if further recurrent ulcers develop in the PGV 
group after longer follow-up. 

The reoperation rate in the PGV group was no 
higher than that among the TVA patients despite the 
increase in the recurrence rate. Four of the TVA 
patients required another operation in the first 12 
months after their original operation because of 
delayed gastric emptying. A criticism of this trial 
could be that some of the antrectomy operations 
were performed by relatively inexperienced surgeons, 
but other workers have reported a high mortality after 
vagotomy and antrectomy (1:6 per cent in a combined 
series of 1725 patients reviewed by Cox et al., 1969) 
and a high reoperation rate in a series reported by 
experienced surgeons (Cox et aL, 1969). 


The recurrent ulcer rate has not been related to the 
preoperative acid output in these preliminary results, 
so the question of whether antrectomy is required for 
hypersecretors remains to be answered, Follow-up 
continues, and it is hoped to answer this question if 
more recurrent ulcers appear. Johnston et al. (1975) 
found that antrectomy was not necessary even for 
hypersecretors, but we find a recurrent ulcer rate of 
4:3 per cent to be a disturbing feature 1 year after 
PGV, but only 3 per cent of patients have required 
reoperation. 

We conclude from the preliminary results of this 
trial that for chronic duodenal ulcer it is better to 
perform PGV, with its very good clinical results and 
associated risk of recurrent ulcer and possible reopera- 
tion, rather than TVA, with increased postoperative 
complications, poorer clinical results after a year and 
an equally high reoperation rate. 
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Highly selective vagotomy using tantalum clips 


JOHN R. SALAMAN* 


SUMMARY 

A technique is described for performing highly selective 
vagotomy in cases of duodenal ulcer. Tantalum clips 
are used instead of conventional ligatures for securing 
the nerves and blood vessels that pass to the lesser curve 
of the stomach. With this technique the author has 
found the operation of highly selective vagotomy 
quicker and easier to perform. 


THE concept of highly selective vagotomy is attractive 
in that only the acid-secreting part of the stomach is 
denervated. The pyloric area is spared, with the result 
that gastric emptying proceeds normally and a 
drainage operation is not required. The operation is 
now widely practised and good results have been 
reported (Humphrey et al., 1972; Johnston et al., 
1972). Unfortunately, the procedure can be tedious, 
as every nerve and blood vessel passing on to the 
lesser curve of the stomach (above the incisura) has to 
be ligated and divided. In the region of the oesophagus 
the operation can be quite difficult, as the exposure in 
this area is often limited. After performing 50 such 
operations and taking 13 h or longer each time, the 
author felt that some modification was needed to 
make the operation both easier and less time- 
consuming. 

Tantalum clips have been used for some years, 
particularly by neurosurgeons, to occlude small blood 
vessels and aneurysms. They are available in three 
sizes together with the appropriate forceps with which 
they are applied. Three well-known brands are Ligaclip 
(Ethicon), Hemoclip (Weck) and Vesclip (Codman). 
It was found that by using clips instead of ligatures to 
secure the vessels on the lesser curve of the stomach, 
the operation of highly selective vagotomy could be 
made very much easier. The procedure adopted was 
essentially that described by Johnston and Wilkinson 
(1970) but with the modifications described below. 
No originality is claimed for this operation; indeed, 
many surgeons must have discovered these advantages 
for themselves. 


Methods 

After an upper midline abdominal incision has been made, a 
self-retaining retractor is placed in the wound and another 
retractor used to elevate the xiphisternum. The anterior nerve 
of Latarjet is found passing down the lesser curve of the 
stomach but the posterior nerve cannot be seen until the lesser 
sac is entered. This is accomplished by making an opening in 
the gastrocolic omentum just below the right gastroepiploic 
vessels. Any omental vessels that are encountered are secured 
using the largest clips and then divided. Both nerves of Latarjet 
are carefully preserved during the subsequent dissection. 
Working on the anterior aspect of the stomach, the leash of 
vessels and nerves passing from the lesser omentum to the 
lesser curve of the stomach is clipped and divided. The 
procedure starts in the region of the incisura, where a trifurca- 
tion of vessels is usually seen. The pyloric and middle branches 
are not disturbed but the most proximal branch is clipped and 
divided. The neurovascular bundle is elevated on the points of 
a pair of fine artery forceps and then two middle-size clips are 
applied to it (Fig. 1) after which the bundle is divided. The 
procedure is repeated until the dissection has reached half-way 





5 





Fig. 1. Clips are being applied to the nerves and vessels 
passing to the lesser curve of the stomach. A window has 
already been made in the greater omentum to allow access 
to the back of the stomach. 


` 
— 





Fig. 2. Postoperative barium meal (barium is also present in 
the colon from a previous examination). Tantalum clips are 
visible along the lesser curve of the stomach extending up to 
the lower oesophagus. Clips of a larger size are also present 
on the omental vessels where the lesser sac was entered. 





* University Hospital of Wales, Cardiff. 


156 John R. Salaman 

up the lesser curve. Turning to the back of the stomach, a 
similar trifurcation of vessels is found at the incisura and again 
the most proximal branch is secured with clips and divided. 
After dividing a few more branches a window can be made 
between the lesser omentum and the lesser curve of the 
stomach, after which the dissection may be completed from the 
front. The window is gradually enlarged as further bundles are 
clipped and divided until the oesophagus is reached. The 
thicker bundles are elevated on the points of cystic duct 
forceps and clipped with the largest clips. The dissection is 
completed by clearing the front of the oesophagus and then its 
posterior aspect in order to leave at least 2 cm of terminal 
oesophagus completely bare of all vessels and nerves. 


Results 

Twenty cases of duodenal ulcer have been treated 
using this method and the author has been impressed 
by how easy the operation has become. There has 
been, in addition, a great saving in operating time, 
with the procedure seldom taking longer than 1 h. 


Approximately 80-90 clips were used for each 
operation, which represents an additional cost of 
£20-25. The location of the clips may be seen on a 
postoperative radiograph (Fig. 2). Although follow-up 
is short (6 months to 1 year), no complications have 
arisen to date as a result of using this method. 
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Peroperative grading of pyloric stenosis: a long term 
clinical and radiological follow-up of patients with 
severe pyloric stenosis treated by highly selective 
vagotomy and dilatation of the stricture 


PETER DELANEY* 


SUMMARY ; 

Highly selective vagotomy (HSV) is now an accepted 
form of surgery for uncomplicated duodenal ulcer. 
Highly selective vagotomy and dilatation has been 
successfully used in some cases of pyloric stenosis, but 
many would regard severe pyloric stenosis as a contra- 
indication to this procedure. 

Eleven patients with severe pyloric stenosis, measured 
objectively at operation, have been treated by HSV and 
dilatation of the stenosis and reviewed for periods of up 
to 3 years. The clinical results, immediate and long 
term, were good in all cases. Barium studies and histo- 
pathological findings were slower to return to normal. 

With intensive preoperative preparation to restore 
the tone of the dilated gastric muscle and gentle, 
controlled dilatation of the stricture, HSV in these 
patients should be as satisfactory as in those patients 
with uncomplicated duodenal ulcer. 


HIGHLY selective vagotomy (HSV) is now an accepted 
operation for the treatment of uncomplicated duodenal 
ulcer. However, the role of this operation in the 

management of pyloric stenosis is not so clear cut. 
Although HSV and dilatation has been used success- 
fully in treating mild and moderate cases of pyloric 
stenosis (McMahon et al, 1976), severe stenosis 
would still be regarded by many as a contraindication 
to this form of management. 

This paper presents the results of a 3-year clinical 
and radiological follow-up of 11 patients with severe, 
advanced pyloric stenosis secondary to chronic 
duodenal ulcer who were treated by HSV and dilata- 
tion of the stenosis. 


Patients and methods 
The diagnosis of severe pyloric stenosis was made only when 
the following three criteria were fulfilled: 

1. Clinical: typical copious vomiting and significant weight 
loss, with or without visible peristalsis and succussion splash. 

2. Radiological: large volume of resting gastric juice, big, 
dilated stomach and marked delay in emptying. 

3. Peroperative grading: stricture less than 9 mm in diameter. 

Details of the patients are set out in Table I. The outstanding 
symptom was severe vomiting, which was responsible for most 
of the patients seeking hospital admission. Constant, severe 
pain was also a prominent feature. As expected, the average 
age was older and the duration of symptoms longer than in 
patients with uncomplicated ulcers presenting for elective 
surgery. The patients were managed initially by nasogastric 
suction, saline gastric lavage and intravenous fluids for 5-8 
days before surgery. Four were severely dehydrated and had 
hypochloraemic alkalosis and one had clinical tetany. All the 
patients had severe pyloric stenosis by the radiological 
standards of Kreel and Ellis (1965). Each patient had a gastro- 
scopy performed. The stenosis was not adequately visualized 
in most cases as it was distal to the pyloric sphincter which was 
deformed and markedly narrowed in all patients. No gastric 
ulcers were seen but gastric biopsies showed a severe degree of 
gastritis in each case. 


Operation was performed only when the patient's metabolic 
condition had been stabilized and the grossly dilated stomach 
had recovered its muscle tone. 


Surgery 

When the duodenal ulcer had been confirmed, the stricture 
was evaluated through a gastrotomy which was made at least 
10cm from the pylorus towards the greater curve of the 
stomach, The diameter of the stricture was measured using 
Bakes' dilators and then graduallv dilated to size 14 Bakes' 
(li mm). Thereafter it was a simple, atraumatic procedure to 
complete the dilatation digitally up to the distal interphalangeal 
joint of the index finger (15 mm). In no case was the duodenum 
perforated during this procedure. The gastrotomy was then 
closed using two layers of 2/0 chromic catgut. 


Highly selective vagotomy 

The neurectomy is started by introducing the left index finger 
through the lesser omentum on the outer side of the nerve of 
Latarjet and then passing it behind the nerve (Fig. 1). This 
finger in the lesser sac can be brought forward between the 
lesser curve of the stomach and the nerve of Latarjet, and 
commencing dissection on to this finger greatly facilitates 
entry into the lesser sac. The gastrocolic omentum need not be 
opened. The lesser curve of the stomach does not seem to be 
much affected by the gastric hypertrophy in pyloric stenosis 
and the resection is started about the same distance from the 
pylorus as in uncomplicated duodenal ulcer. The neurectomy 
is started by taking the proximal limb of the 'crow's foot’. The 
lesser curve is reperitonealized with 2/0 chromic catgut as the 
dissection proceeds and these sutures can be held long to 
provide gentle traction on the lesser curve of stomach, thereby 
making dissection of the neurovascular bundles much simpler 
(Fig. 2). Routine clearance of the lower 5 cm of the oesophagus 
and the posterior aspect of the fundus and body of the stomach 
complete the neurectomy. The phreno-oesophageal ligament 
is repaired with linen thread and the nasogastric tube is 
removed. Patients start oral fluids on waking. 


Results 


Clinical 

Early postoperative progress was satisfactory and the 
patients' ability to retain liquids and then solid foods 
was reflected by weight gains in all. 

The longest follow-up was 38 months and the 
average 18 months. Because of the duration and 
severity of the preoperative symptoms, these patients 
were particularly satisfied with their results. There 
were no cases of bile vomiting, dumping or diarrhoea 
and there have been no recurrent ulcers to date. 
Appetite and weight soon returned to normal. 


Radiological 

X-ray changes did not keep pace with the immediate 
improvement in symptoms. Repeat barium meal 
examinations were done at 3, 6 and 12 months. While 
a marked improvement in the size of the stomach and 
the rate of gastric emptying was seen in the earlier 
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Table I: PATIENTS WITH SEVERE PYLORIC STENOSIS: CLINICAL, RADIOLOGICAL, ENDOSCOPIC AND 


OPERATIVE FINDINGS 


Duration of 


Age symptoms Weight 
Sex (yr) (yr) V VP SS loss (kg) 
M 58 22 "pa is rs 10 
M 35 6 po ae = 7 
F 48 8 du S — 6 
M 53 20 dB S ss i2 
M 58 23 TE Ex $ 13 
F 55 13 gue ee — 5 
M 47 18 t ge : 10 
M 60 15 dep e T 7 
M 43 19 4T — — 8 
F 60 i3 = Sas a + 7 
M 54 21 poer Es T 10 


Peroperative 
assessment of 
diameter of 


Past Barium Endoscopy stricture 
history studies findings (mm) 
Perforation PS, gross Tiny pylorus, 5 
dilatation severe gastritis 
— PS, dilated Small pylorus, 5 
stomach gastritis 
Perforation PS, dilated — Small pylorus, 5 
stomach gastritis 
Perforation ^ PS, gross ‘Pin hole’ pylorus, 5 
dilatation gastritis 
Perforation PS, gross Tiny pylorus, 5 
dilatation gastritis 
Perforation PS, gross Small pylorus, 5 
dilatation gastritis 
Perforation PS, dilated Small pylorus, 5 
stomach gastritis 
— PS, huge Small pylorus, 7 
stomach gastritis 
— PS, dilated Tiny pylorus, 9 
stomach gastritis 
— PS, gross Tiny pylorus, 8 
dilatation gastritis 
— PS, gross Tiny pylorus, 8 
dilatation gastritis 


V, Vomiting; VP, visible peristalsis; SS, succussion splash; PS, pyloric stenosis. 
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Fig. 1. The gastrotomy has been closed. The index finger in 
the lesser sac is brought forward between the nerve of 
Latarjet and the lesser curve. The dissection is started at this 
point. 


studies (3 and 6 months), it was not until 12 months 
that the films showed a complete reversal to normal. 
At this stage the stomach had regained a normal size 
and, on screening, gastric emptying and the move- 
ments of the antrum and pyloroduodenal canal were 
normal (Fig. 3). 


Endoscopy 
Endoscopy was repeated at 3 and 6 months after 
surgery. No ulcers were seen, although slight duodenal 
deformity persisted. Gastric biopsy at 3 months in 
each case showed a moderate gastritis which con- 
tinued to improve but was still in evidence at 6 months 
and was classified then as mild. 


(- 





Fig. 2. As the neurectomy proceeds, the lesser curve is 
reperitonealized with 2/0 chromic catgut. These sutures are 
held long to apply traction to the stomach. This makes 
dissection of the neurovascular bundles much easier. 


While the follow-up is short in relation to recurrent 


ulcer, it is quite adequate in relation to recurrent 
stenosis. It is more than likely that if the stricture 
were to recur, it would do so quickly and certainly 
within the first 6 months (Johnston et al., 1973). 


Discussion 

The evolution of surgery in the management of 
duodenal ulcer has reached yet another stage. Eleven 
years ago, Ellis said that 'although vagotomy combined 
with gastric drainage is now a well-established 
procedure in the surgical treatment of duodenal ulcer, 
it has been suggested by a number of authorities that it 
is contraindicated in those cases which are complicated 
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by pyloric stenosis' (Ellis et al., 1966). He went on to 
state that the results in his series were uniformly good 
and recommended truncal vagotomy and drainage as 
the surgical treatment of choice for pyloric stenosis. 
Today, HSV could be substituted for truncal vagotomy 
and drainage in the above passage. The high incidence 
of complications such as diarrhoea, dumping and bile 
vomiting after gastric surgery is due to the destruction 
or bypass of the gastric emptying mechanism. Highly 
selective vagotomy, by preserving this mechanism, is 
associated with a much lower incidence of those 
complications. The results of 7-year follow-up of 
HSV in uncomplicated duodenal ulcer suggest that the 
incidence of recurrent ulcer is not likely to be any 
higher than with truncal vagotomy and drainage, and 
HSV is now accepted as a satisfactory method of 
treating duodenal ulcer. 

Although there have been reports on the use of 
HSV and dilatation in varying degrees of pyloric 
stenosis (McMahon et al., 1976), there is still doubt 
about the use of this method in severe pyloric stenosis. 

It is widely appreciated now that pyloric stenosis is 
in fact a duodenal stenosis and occurs just distal to the 
pyloric sphincter. In the majority of cases, the tightest 
part of the stricture occurs within 1 cm of the pylorus, 
which itself is normally about 15 mm in diameter 
(Kirk, 1970). 

The earlier stages of pyloric stenosis, secondary to 
chronic duodenal ulcer, are characterized by gradual 
and massive hypertrophy of the gastric musculature. 
This increasingly powerful emptying unit is capable 
of overcoming the progressive stenosis for a long time, 
this being the compensated phase of pyloric stenosis. 
Later on, when the stenosis inevitably becomes too 
tight, the stomach begins to dilate. This, the decom- 
pensated phase of pyloric stenosis, gives rise to the 
classic clinical picture of late pyloric stenosis. 

The superior results of HSV in treating uncompli- 
cated duodenal ulcer are due to the preservation of the 
normal emptying mechanism of the stomach. In severe 
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Fig. 3. Barium studies on the same patient. a, Preoperative 
2-h film showing a huge, dilated stomach with gross delay 

in emptying. b, Twelve months postoperatively there is a 
normal stomach with no delay in emptying and c, normal 
filling and emptying of the pyloroduodenal channel. There is 
no ulcer. 


pyloric stenosis it would be most illogical to destroy 
this emptying unit, which has become even bigger and 
more powerful than normal. 

If HSV and dilatation is to be adopted as an 
acceptable operation for severe pyloric stenosis, the 
following points must be borne in mind: 
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1. The preoperative work-up of these patients will 
become vital. Sufficient time must be spent on naso- 
gastric suction and gastric lavage to allow the stomach 
to recover its tone before surgery. Otherwise, the post- 
operative period will be complicated by prolonged 
gastric atony which will eventually require a drainage 
procedure. 

2. The degree of stenosis may become critical in 
deciding which cases are suitable for this procedure, 
and a satisfactory method of objectively measuring 
the diameter of the stricture is required. The Bakes' 
dilators seem admirably suited to this task. They are 
malleable and can be shaped to ‘fit? the pyloro- 
duodenal canal. Because of their shape, it is easier to 
‘feel’ the stenosis and to appreciate when the stricture 
has been passed. This lessens the chance of duodenal 
rupture which may occur with digital dilatation alone 
and occurred in 25 per cent of cases in a recent series 
(McMahon et al., 1976). However, in these cases, the 
tear was easily repaired and was not associated with 
any increased morbidity. 

The technique of duodenoplasty with HSV in the 
management of severe pyloric stenosis is attractive. 
In his series, Kennedy was able to carry out a duodeno- 
plasty of 2-6cm in length without destroying the 
sphincter because the stenosis was sufficiently distal 
in the duodenum to allow this (Kennedy, 1976). In this 
present series, however, the tightest part of the stricture 
was so close to the pylorus that duodenoplasty would 
not have been possible. 

Results to date of HSV and dilatation in the 
management of severe pyloric stenosis are promising. 


A clinical trial, randomized and prospective, is now 
needed to establish whether this method is superior in 
these cases to the more widely accepted procedure of 
truncal vagotomy and drainage. These patients would 
benefit from preservation of the emptying mechanism 
of the stomach just as much as those patients who 
have duodenal ulcer without stenosis. 
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Closure of gastrojejunostomy for the relief of 


post-vagotomy symptoms 


ROGER GREEN, ANNE SPENCER AND TERENCE KENNEDY* 


SUMMARY 

When dumping, diarrhoea or bile vomiting follows 
vagotomy and gastrojejunostomy, simple closure of the 
stoma, without alternative drainage, has been performed 
in 19 patients. Thirteen patients, 5 with truncal, 7 with 
selective and 1 with proximal gastric vagotomy, have 
been followed up for 1-6 years. Five were completely 
relieved of symptoms, 7 improved and there was only 
i complete failure. Bile vomiting was more often 
relieved than dumping or diarrhoea. The procedure is 
safe and significant gastric retention does not occur 
provided that at least one year is allowed to elapse after 
the primary operation. 


ALTHOUGH In some centres proximal gastric vagotomy 
without drainage has become the standard operation 
for chronic duodenal ulcer (Johnston and Wilkinson, 
1970; Amdrup et al., 1974), the procedure has not yet 
been universally accepted, and reports of relatively 
high recurrence rates appear to justify caution 
(Kronborg and Madson, 1975; Jensen and Amdrup, 
1977). It is likely that many patients will continue to be 
treated by vagotomy and drainage and that the 
sequelae, other than recurrent ulceration, will cause 
difficulties of management in a significant number of 
cases. 

Diarrhoea, dumping and bile vomiting may all be 
associated with vagotomy and drainage, although the 
incidence varies with the type of operation performed. 
Selective vagotomy has been shown to be followed by 
fewer cases of troublesome diarrhoea (Frohn et al., 
1968; Kennedy et al, 1973a), but possibly to be 
associated with a higher incidence of dumping than 
truncal vagotomy (Sawyers et al., 1968). Gastro- 
jejunostomy was associated with a higher incidence of 
bile vomiting than pyloroplasty in patients having 
truncal vagotomy in Glasgow (MacKenzie et al, 
1977). In our experience, the overall incidence of bile 
vomiting after either pyloroplasty or gastrojejuno- 
stomy has been 9 per cent (Kennedy et al., 1973b). 
Although a small number of patients develop trouble- 
some symptoms after vagotomy and drainage, those 
that have a gastrojejunostomy are at an advantage in 
that the stoma can easily be closed. Ordinarily, closure 
is followed by pyloroplasty as an alternative drainage 
procedure. Closure of the gastrojejunostomy without 
any alternative drainage-—even after truncal vagotomy 
—-has been used by the present authors in cases where 
there is no pyloric or duodenal stenosis and where at 
least one year has elapsed after the primary operation. 
The purpose of this paper is to present the mid-term 
results in a small group of patients. 


Patients and methods 

«Nineteen patients, all of whom had previously undergone 
vagotomy and gastrojejunostomy for duodenal ulcer (18) or 
gastric ulcer (1), were reoperated on between 1970 and 1977. 
Seven of these had truncal, 10 selective and 2 proximal gastric 
vagotomies. The main indication for closure of the gastro- 
jejunostomy was diarrhoea in 2 cases, dumping in 6, bile 
vomiting in 4 and a combination of these symptoms in 6 cases. 
Patients were investigated by radiology and endoscopy to 


exclude the presence of recurrent ulcer, galibladder disease or 
pyloroduodenal obstruction. Other causes of diarrhoea were, 
as far as possible, excluded. Operation was performed only 
after at least one year had elapsed and vigorous medical 
measures had been tried. The interval from primary operation 
to revision varied from 2 to 15 years (mean 5 years). 

A laparotomy was performed through the previous scar and 
adhesions were divided in the regions of the duodenum and the 
gastrojejunostomy so that these areas could be carefully 
inspected for evidence of recurrent ulceration. The gastro- 
jejunostomy was then taken down and direct visual exclusion 
of jejunal ulcer was made. The pylorus was inspected and the 
presence of an adequate lumen confirmed, often by inserting a 
finger through the opening in the stomach and through the 
pylorus—at the same time excluding the presence of active 
duodenal ulceration. The jejunum and stomach were closed 
separately in two layers with chromic catgut. A nasogastric 
tube was routinely left in the stomach for about 48 h post- 
operatively in case early gastric retention should develop. 

At clinical assessment each patient was allotted a Visick 
grading. Grade 1 patients were absolutely symptom-free and 
grade 2 patients had only minor, but not troublesome, 
symptoms. Grades 3 and 4 were qualified or absolute failures. 


Results 

There were no deaths among the 19 patients and all 
made satisfactory progress in the postoperative period; 
none showed early evidence of gastric stasis and all 
were able to take a normal diet at the time of discharge 
from hospital, 8-17 days after operation. There were 
no significant postoperative complications. Thirteen 
of the 19 patients, 1 with proximal gastric vagotomy, 
have been followed for a minimum of 12 and a 
maximum of 72 months (mean 26 months); the 
remaining 6, having not yet qualified for 12-month 
follow-up, have not been included in the assessment. 
No patient has required reoperation for gastric 
retention. 

Details of all the cases are shown in Table I. Five 
patients were completely relieved of their symptoms, 
a further 7 were improved and only 1 patient, with 
diarrhoea, failed to gain any relief. Of the 5 patients 
with multiple symptoms, 2 were completely relieved 
but 3 gained relief of one symptom only. Looking at 
the symptoms individually, 3 of 5 patients with 
diarrhoea obtained complete relief, as did 2 of 6 
dumpers and 4 of 7 bile vomiters (Table II). Con- 
siderable improvement was achieved in 3 of the 
remaining dumpers and in all the remaining cases with 
bile vomiting. The results are reflected in the Visick 
grading (Table III). There were 7 patients in grade 2 
who complained of a mild degree of flatulence after 
closure of the gastrojejunostomy, compared with only 
2 with this symptom before reoperation. It was not 
considered disabling by any of the patients and in only 
one patient was there any other symptomatic or 
clinical evidence of gastric stasis. This man complained 
of occasional food vomiting, though he remains at 
work as a postman. Over 70 per cent of the patients 
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Table Ir CLOSURE OF GASTROJEJUNOSTOMY : DETAILS OF 19 PATIENTS 


Original 
Patient. operation Age at 
{Age at to re- Postop. Symptoms | ET Follow- 
operation Vago- revision operation — stay at Overall Visick up 
yr) tomy Symptoms (şr) (yr) (d) follow-up assessment grade Working — (yn 
T. F. - TV By li 49 13 Occ. Bv Improved 2 Yes 6 
(48) Fl 
S. W. M TV Du 2 43 9 Occ. Du Improved 2 No 5 
(41) Fl | 
M.H F TV Di 5 42 13 None Cured 1 No 3 
G7) 
D, R. M PGY Bv 3 35 10 Fi Cured 2 Yes 2 
(32) 
N. 1. M SV Du 4 58 10 |. Occ. Du Improved 2 Yes 2 
(54) | 
R. C. M TV Di By Fl i4 49 10 Fi Cured 2 Yes 2 
(35) | 
R. D. M SV Du Bv 2 37 11 Occ. Du Du improved 2 Yes 2 
(35) Bv cured 
R. M. M SV Bv 2 49 8 Occ. Bv Improved 3 Yes 2 
(47) Occ. Fv 
P. R. F SV Du 2 43 13 Fi Cured 2 Yes 2 
(41) 
I. D. M SV Du Bv 3 S4 9 None Cured 1 Yes 2 
GD 
D. L. M SV Di Bv Fl 2 41 li Di Di not improved 3 No 1 
(39) Occ. Bv Bv improved 
H. C. M SV Di Du 2 53 id Occ. Di Di improved 3 No 1 
(51) Du Du not improved 
W.R M TV Di 12 52 11 Di Not improved 4 Yes 1 
(41) 
I. S. M SV Du 3 48 17 
(45) 
E. G. M SV Du 3 50 11 
(45) 
Ss. G, F PGY Du By 47 11 
ias M TV Bv 15 42 Less than 1 year follow-up 
(27) 
J. B. M TV Fv 8 37 10 
(29) 
LF. F SY Du 5 SÍ 11 
(46) 





Di, Diarrhoea; Fl, flatulence; Du, dumping; Bv, bile vomiting; Fv, food vomiting. TV, Truncal vagotomy; SV, selective 


vagotomy; PGV, proximal gastric vagotomy; Occ., occasional. 


Table H: RELIEF OF INDIVIDUAL SYMPTOMS EN 
13 PATIENTS AFTER 1-6- YEAR FOLLOW-UP 


No. of Complete 


Symptoms patients relief Improved Unchanged 
Diarrhoea 5 3 0 2 
Dumping 6 2 3 i 
Bile vomiting 7 4 3 Q 


Table HI: FINAL VISICK GRADING IN 13 PATIENTS 


Visick grade 
I 2 3 4 


No. of patients 2 7 3 s 4 


have, to date, remained classified in Visick 1 and 2 
grades and consider the operation to have been 
successful. Four patients, categorized as Visick 3 or 4, 
continued to be moderately or severely troubled by at 
least one symptom, though in 2 of these, a second 
symptom-- diarrhoea in one and bile vomiting in the 
other— was completely relieved. 


Discussion 
Severe post-vagotomy problems are not common, and 
since many tend to improve with time, the number of 


patients coming to reoperation is likely to be small. 
The 19 cases reported here were drawn from a 
vagotomy population of over 1000. The cause may be 
as much in the drainage procedure as the vagotomy; 
the excellent results of proximal gastric vagotomy 
without drainage, compared with the less favourable 
symptomatic outcome if a drainage procedure is 
added to proximal gastric vagotomy (Clarke and 
Alexander-Williams, 1973; Kennedy et al, 1975), 
would tend to support this contention. Elimination of 
gastric drainage, even after truncal or selective 
vagotomy, is based on the concept that the stomach 
will ultimately regain at least some of its lost motility. 
In the early days of vagotomy more than half of the 
patients with truncal vagotomy alone did very well 
(Dragstedt and Camp, 1948; Tanner, 1977) and most 
with selective vagotomy alone were also perfectl 
satisfactory (Burge, 1971). If the remainder, who 
required drainage initially, ultimately recover gastric 
tone and motility (Kelly and Code, 1969), then closure 
is logical provided that at least one year has elapsed. 
In patients with proximal gastric vagotomy closure 
should bé perfectly safe; it gave a good result in the 
one followed case in this series. 


Successful reconstruction of the pylorus for the 
relief of dumping and diarrhoea after vagotomy has 
been described (Christiansen et al., 1974). There was 
no evidence of gastric retention in a long follow-up 
(Christiansen, 1977). This has been confirmed by the 
unpublished experience of Rodgers (1977) with 4 cases 
of pyloroplasty reconstruction. Tanner (1976, 1977) 
has had success with both pyloric reconstruction and 
closure of gastrojejunostomy after vagotomy. 

In those patients with severe and persistent post- 
vagotomy symptoms following gastrojejunostomy, 
closure of the stoma will allow the pylorus to reassume 
its role in the regulation of gastric emptying, and also 
its important anti-reflux function (Johnson, 1975), 
thus protecting the gastric mucosa from the adverse 
effects of regurgitated bile. 

In our experience with 19 cases, the operation has 
proved simple and safe to perform and there have 
been no problems of gastric retention in the early 
postoperative period, nor any difficulty experienced 
by the patient in returning to a normal diet. 

One patient has subsequently complained of 
vomiting food and, although the original problem of 


T 


excluded. 

The results of operation are most encouraging when 
performed for bile vomiting; of the patients followed 
for more than one year, the majority obtained 
complete relief and the remainder were improved. For 
diarrhoea and dumping the results were less consistent, 
although the majority were improved. These results 
suggest that either rapid gastric emptying is not the 
only aetiological factor in the causation of diarrhoea 
and dumping, or that closure of the gastrojejunostomy 
alone is insufficient to control gastric incontinence 
after vagotomy and that in these patients a jejunal 
interposition to control dumping (Sawyers and 
Herrington, 1971) or a reversal to control diarrhoea 
(Craft and Venables, 1968) or both (Herrington and 
Sawyers, 1972) may be required. The pattern of gastric 
emptying after gastrojejunostomy closure requires 
further study; it is unlikely to be absolutely normal. 

In the management of post-vagotomy dysfunction, 
when patient and surgeon are often reluctant to 
embark on major revision procedures, closure of the 
gastrojejunostomy has been shown to be a simple and 
safe procedure, with relief of symptoms in the majority 
of patients. 
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The clinical significance of gallstones and 
their radiological investigation 


R. J. EARLAM AND M. THOMAS* 


SUMMARY 

The symptoms of 122 patients with gallstones were 
correlated with the radiological findings. No specific 
indigestion was present which could be termed ‘flatulent 
dyspepsia'. Sensitivity to fatty foods occurred in 69 per 
cent, heartburn in 42 per cent, regurgitation of acid- 
tasting or bitter fluid to the mouth in 31 per cent and 
increased passage of flatus from the stomach upwards 
in 38 per cent, If the gallbladder concentrated contrast 
medium on an oral cholecystogram but did not contract 
after a fatty meal, the patients suffered less heartburn 
than if the gallbladder functioned normally. However, 
since surgeons rarely perform a cholecystectomy for 
fiatulent dyspepsia alone, knowledge of gallbladder 
function may be unnecessary. 


THE purpose of this study was to analyse the clinical 
symptoms associated with gallstones and to correlate 
them with the radiological investigations. The con- 
troversial subject of management has been avoided. 
Special attention was given to the number of attacks of 
biliary colic before operation in order to establish the 
current threshold for pain before cholecystectomy. 
Details were collected concerning intolerance to 
specific foods and symptoms associated with gastro- 
oesophageal reflux, namely heartburn and regurgita- 
tion of fluid to the mouth, in an attempt to discover 
whether there was any specific pattern of indigestion 
which could really be called ‘flatulent dyspepsia’. The 
mean number of attacks of biliary colic suffered before 
cholecystectomy was 13-4 over a period of 3-4 years, 
which means that many patients suffer pain for too 
long before operation. 


Patients and methods 

One hundred and twenty-two patients with gallstones filled in a 
questionnaire. concerning their life style and indigestion 
symptoms in the same manner previously used to analyse 
duodenal ulcer symptoms (Earlam, 1976). Details were also 
obtained about attacks of biliary colic, acute cholecystitis and 
jaundice, as well as the results of radiological investigations. 
These patients were accepted sequentially into the study over 
a period of 15 months, only those unable to understand English 
or incapable of writing being rejected. All had symptoms which 
would normally be accepted as indications for cholecystectomy 
but 7 refused operation. 


Results 


The patients 

Of the 122 patients in this study, females were pre- 
dominant (98), males only numbering 24. The mean 
age was 48-3 years. Twenty-nine were in their fourth 
decade and 35 in their fifth. Twenty-five patients (23 
female) quoted 39 relatives (30 female) with gallstones, 
of whom 13 were mothers, 12 sisters and 6 grand- 
mothers, aunts or daughters. The blood group 
distribution was considered normal (A 44 per cent, 
B 12 per cent, AB 7 per cent and O 36 per cent). 


Symptoms 
Biliary colic: The mean number of years during which 
patients had had biliary colic before admission to 


hospital for cholecystectomy was 3-4 years. The 
actual distribution was: 30 with symptoms for less 
than 6 months; 5 for between 6 and 12 months; 24 for 
between 1 and 2 years; 13 for between 2 and 3 years; 
18 for between 3 and 9 years; and 10 for longer than 
10 years. The mean number of attacks was 13-4; 64 
had had between 1 and 9, 21 between 10 and 24, 7 
between 24 and 49 and 7 between 50 and 100. One 
stoical old lady had had more than 200. The length of 
each attack of biliary colic was as follows: 1 h or less 
(10); 2h (15); 3-5 h (23); 6-8 h (23); 8-12 h (9; 24h 
(11); 48h (8); and 72h (4). It was calculated that 
20 patients had suffered pain for a total of up to 9 
hours, 40 for between 10 and 100 h, 30 for between 
100 and 500 h and 2 for longer than this. 

The primary site of pain was in the right hypo- 

chondrium in 87 patients, in the upper mid-abdomen 
in 16 and elsewhere in the abdomen in 7. Secondary 
pain in the back occurred in 17, in the midlumbar 
region in 8, on the right side in 6 and on the left in 3. 
Acute cholecystitis: Thirteen patients suffered 29 
attacks; these were all typical, with pain and tender- 
ness in the right hypochondrium, always lasting longer 
than 3 days and usually for 1 week but never longer 
than 3 weeks. Eight of the 13 patients never had 
accompanying biliary colic and 3 had jaundice (2 with 
a normal common bile duct). 
Jaundice: Twenty-six patients had jaundice, 17 of 
whom presented with this complication, including the 
3 with acute cholecystitis. Eighteen had a normal 
common bile duct and 8 dilated ducts, 6 of which 
contained stones. 


Indigestion (Table I) 

Upper abdominal pain, discomfort or burning related 
to food, which was dissociated completely from 
biliary colic, was experienced by 102 patients, of whom 
69 per cent cited fried or greasy food as the main 
precipitating factor. Details are given in Table II. 

Fifty-one had heartburn and this was exacerbated 
by bending, lying flat or sitting slumped in a chair in 
25; 3 had this severely every day, 11 had it 4-5 times a 
week and 37 suffered these attacks less frequently. The 
anatomical site of the heartburn was divided into 
upper, mid and lower retrosternal for purposes of 
convenience: 21 had heartburn behind the upper 
retrosternal region, 10 in all three locations and 8 in 
the lower retrosternal region alone. 

Regurgitation of bitter or acid-tasting fluid from the 
stomach to the throat, such that the patients could 
either spit it out or swallow it again, occurred in 38 
patients; in 19 it was related to posture. This occurred 
every day in only 5 patients. Heartburn and regurgita- 
tion were present together in 23. ; 

A barium meal examination was done in 31 patients: 
the results were completely normal in 18, showed a 
duodenal ulcer in 4 and a hiatus hernia in 6, 3 of whom 
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had reflux. However, 3 of the patients with a duodenal 
ulcer and 3 with a hiatus hernia had no indigestion at 
all. Seventeen of the 23 patients who had both heart- 
burn and acid regurgitation were not investigated by 
means of a barium meal. 

Forty-six patients thought that they passed up more 
wind than normal, while 30 thought that they passed 
more wind per rectum than they should. 


Oral cholecystogram 

This was performed in 111 patients. In 60 multiple 
stones (more than 10) were found and in 36 solitary 
stones were present. If multiple stones were present 
biliary colic was more frequent (mean 14) compared 
with when one stone was present (mean 8). The risk of 
jaundice (18 v. 4) and a dilated common bile duct 
(12 v. 1) was higher with multiple stones, but acute 
cholecystitis was less frequent (5 v. 4). 

The function of the gallbladder was considered 
separately from the presence of stones and was 
categorized as (a) those which both concentrated the 
dye and contracted in response to a fatty meal; (5) 
those in which the gallbladder was seen but did not 
contract; and (c) those in which no dye concentration 
was visible. The detailed results of the relationship 
between gallbladder function and the clinical symp- 
toms are given in Table I. 


Intravenous cholangiogram 

Some surgeons had a policy that this must always be 
done routinely before cholecystectomy but others 
relied instead on routine operative cholangiography, 
using a preoperative intravenous cholangiogram when 
no gallbladder was seen on an oral cholecystogram. 
Therefore, intravenous cholangiography was done in 
65 patients. In 57 the common bile duct was normal, 
in 6 it was dilated and in 2 it was not seen at all. In the 
44 patients in whom the gallbladder was not seen on 
an oral cholecystogram, 14 were not investigated with 
an intravenous cholangiogram. Of the remaining 30 
patients the gallbladder filled in 6, the common bile 
duct was normal in 26, dilated in 3 and not seen in 1. 


Operative findings 

Fourteen of the 115 patients who had a cholecystec- 
tomy had a dilated common bile duct. Six had been 
diagnosed preoperatively by intravenous cholangi- 
tography. Ten patients had stones in the common bile 
duct, 5 with a history of jaundice and 5 without. A 
sphincterotomy was done in 4 of the 5 patients with 
a dilated duct but no stones. Of the 10 patients with 
stones in the common bile duct, 7 had more than 3 
stones and 3 had less. 


Histological findings 

Only 6 of the 115 gallbladders were described as 
normal on histological examination. None of the 
normal gallbladders was associated with acute 
cholecystitis clinically, but 2 of the patients had had 
an attack of biliary colic which had lasted for 3 days. 


‘Discussion 

The threshold for investigation and subsequent chole- 
cystectomy for gallstones must surely be only one 
attack of biliary colic, acute cholecystitis or jaundice. 
Using strict definitions of biliary colic and acute 
cholecystitis, it is amazing that some patients tolerate 
so many attacks for such a long time. If biliary 
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Table I: SYMPTOMS RELATED TO RESULTS OF 
ORAL CHOLECYSTOGRAPHY | 

Oral cholecystogram 


(11D)* 
Seen 
but no 
con- Not 
Total Normal traction seen 
Symptoms (122) (52) (15) (44) 

Years of history (mean) 3:4 3-0 40 2:7 

Attacks of biliary colic 13:4 10-9 7-0 10-8 
(mean) 

Acute cholecystitis (no.) 13 0 1 11 

Jaundice (no.) 26 8 4 10 

Dilated common bile duct 15 I 3 3 
(no.) 

Stones in common bile 10 0 0 5 
duct (no.) 

Multiple stones (%) 52 44 60 57 

Single stones (54) 29 42 20 18 

Heartburn present (75) 42 50 27 41 
Free with changes in 2 33 20 16 
posture (%) 

Regurgitation of fluid (75) — 31 35 33 34 
Free with changes in 16 13 27 18 
posture (%) 

Flatulence (A) 38 40 47 39 

No heartburn nor 47 40 66 48 
regurgitation (%4) 

No indigestion at all (72) 20 17 27 14 


* Number of patients given in parentheses. 


Table If: SPECIFIC FOODS CAUSING INDIGESTION 


Duodenal Duodenal 
Gallstones ulcer* ulcer controls* 

CA) CA) Oa) 
Fried or greasy 69 72 9 
Cucumber 57 62 16 
Onions 48 54 10 
Curry 39 57 5 
Pork 28 32 5 
Salads 26 18 1 
Meat pastry 24 77 4 
Cheese 22 18 i 
Nuts 22 2 0 
Fruit 22 3l 1 
Sweet pastry 15 Ze i 
Bacon 15 30 0 





* Data from Earlam (1976). 


colic is as severe as labour pains, these patients 

suffered considerably and unnecessarily, since the 

mean number of attacks was 13-4. Delay due to faulty 

diagnosis by the medical profession was not apparent 

in this study. | | 
The diagnosis of biliary colic is often difficult and — , | 

is frequently confused by the use of the word colic, 

which implies an alteration in intensity. The majority 

of patients had colic lasting for less than 12 h, taking 

up to an hour to reach the maximum, staying on à 

plateau and then gradually fading, as described in a 

classic paper differentiating renal from biliary colic 

(French and Robb, 1963). The fact that 2 patients had 

normal gallbladder histology, in spite of attacks of 

pain lasting 3 days, suggests that mechanical obstruc- 

tion in the gallbladder can give pain for this lenggaof ^ 

time without a diagnosis of acute cholecystitis ay 

to be made. The term acute cholecystitis wastes 

in this study for patients who gave a history.of p 

lasting for 3 days or more with accompanying fever- 
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and signs of infection. Since the study was retro- 
spective for history taking and it is unlikely that an 
attack of acute cholecystitis can actually settle in 3 
days, it is suspected that the number of acute attacks 
of cholecystitis was overestimated. 

The term chronic cholecystitis was avoided, since 
this can represent an acute attack which does not 
settle after an arbitrary period, recurrent acute 
attacks or a pathological diagnosis. In all the textbooks 
there is disagreement over what the term actually 
means. Bockus (1976) uses it to mean the 'aftermath of 
repeated attacks of biliary colic and acute cholecystitis' 
but does not clarify whether this a clinical, macro- 
scopical or histological diagnosis. 

A more controversial matter is whether a type of 
indigestion exists which is associated specifically with 
gallstones or a pathological gallbladder. There is also 
doubt —if it does exist —as to whether it is an indication 
for surgery, because cholecystectomy is notoriously 
unreliable for relieving the symptoms of ‘flatulent 
dyspepsia' (Gunn and Keddie, 1972; Johnson 1975). 

Flatulent dyspepsia is a term commonly used to 
describe this indigestion. The two words indigestion 
and dyspepsia are in common usage and are accepted 
by doctors, patients and lexicographers as synonyms, 
the first being derived from the Latin and the second 
from the Greek. The word flatulence implies too much 
wind in the stomach or intestines. In this study relief 
of abdominal distension by passing wind upwards 
was termed flatulence and only if the patients reported 
that they brought up more wind than they considered 
normal was this designated significant: 46 patients had 
significant flatulence. In a previous study on 100 
patients with duodenal ulceration and 100 control 
subjects the figures were 55 and 10 respectively. 
Using this strict definition, flatulence was not a 
symptom specifically associated with gallstones. 

However, there are other definitions of flatulent 
dyspepsia. Rhind and Watson (1968) described this as 
‘epigastric discomfort after meals, a feeling of fullness 
so that tight clothing is loosened. Eructation with 
temporary relief and regurgitation of sour fluid to the 
mouth with heartburn'. Johnson (1975), on the other 
hand, defined flatulent dyspepsia as a combination of 
the following symptoms: repeated belching; full 
feeling after normal-sized meals; inability to finish a 
normal-sized meal; abdomen becomes blown out so 
that clothes have to be loosened; burning in the 
epigastrium; retrosternal heartburn; regurgitation of 
fluid into the mouth; vomiting; nausea. 

It is inexact to combine flatulence, which is probably 
associated with a competent gastro-oesophageal 
sphincter and bile reflux to the stomach (Capper et al., 
1967; Johnson, 1971, 1975), with heartburn and 
regurgitation, which are two symptoms associated 
with reflux through an incompetent gastro-oeso- 
phageal sphincter. It would seem wiser therefore to 
enumerate the different symptoms individually before 
analysing their significance. 

In this study and in the classic article destroying the 
myth of a specific gallbladder dyspepsia (Price, 1963), 
the symptom of flatulence has been separated from 
heartburn, regurgitation and food intolerances. Price 
(1963) surveyed Scottish general practice, obtaining 
details of specific food intolerances, heartburn and 
acid regurgitation, pain, flatulent dyspepsia and fat 
intolerance. Flatulent dyspepsia was described as 
‘abdominal discomfort or a sensation of fullness 


associated with belching'. After the clinical analysis 
was completed, an oral cholecystogram was done and 
the results correlated with the symptoms. Fifty per cent 
of those with gallbladder disease had a history of 
dyspepsia and 53 per cent of those with a normal 
cholecystogram had similar symptoms. This was the 
first time that a proper control group had been used 
and it established that no specific type of dyspepsia 
should be associated with gallbladder disease. 

The investigation started by Price is developed 
further in this study, having accepted that there is 
no specific gallbladder indigestion called flatulent 
dyspepsia. Here the question is asked: 'Is there any 
change of symptoms related to gallbladder function’? 
Instead of using controls, the patients with gallstones 
were divided into three groups on the basis of whether 
the oral cholecystogram was: (a) normal; (5) seen but 
did not contract in response to a fatty meal; and (c) 
not seen. If the gallbladder was abnormal, heartburn 
occurred less frequently and complete absence of 
reflux symptoms was more likely. Regurgitation of 
fluid to the mouth, flatulence and food intolerance 
were unchanged. These results suggest that an 
abnormally functioning gallbladder is associated with 
a reduction of symptoms similar to that which can 
happen after a cholecystectomy. 

If it is accepted that the amount of heartburn can be 
reduced by a cholecystectomy and is also associated 
with an abnormal gallbladder, there must be some 
logical reason. Regurgitation is unchanged and it can 
be presumed that gastro-oesophageal sphincteric 
pressures do not alter after cholecystectomy (Ostick 
and Cowley, 1976), so either the noxious substance 
refluxing or the sensitivity of the lower oesophagus 
must have altered. The lower oesophagus is certainly 
less sensitive to stimulation by acid dripped into it 
(Southam, 1969) after a cholecystectomy. It is also 
known that duodenogastric reflux of bile through an 
abnormally functioning pylorus occurs in many 
patients with gallbladder disease, and probably 
reverts to normal after a cholecystectomy (Capper 
et al., 1967; Johnson, 1975). Removal of bile as a 
noxious substance from the gastric contents would 
then allow the mucosa of the lower oesophagus to 
regenerate and become less sensitive. The concentra- 
tion of bile in the duodenum capable of refluxing into 
the stomach is reduced after a cholecystectomy and 
also with a poorly contracting or a non-visualized 
gallbladder, because thin, unconcentrated bile enters 
slowly with each relaxation of the sphincter of Oddi. 
Confirmation that duodenal bile concentration may 
be important comes from the observation by Johnson 
that patients with a normal gallbladder preoperatively 
were more likely to be cured of their symptoms than 
those with abnormal function (Johnson, 1975). 

If surgeons accept that the threshold for chole- 
cystectomy is one attack of biliary colic, acute chole- 
cystitis or jaundice, but do not operate for flatulent 
dyspepsia, knowledge of whether the gallbladder 
concentrates or contracts might be completely irrele- 
vant, in which case the radiologist might be wasting 
his time to give the patient a fatty meal to see whether 
the gallbladder decreases in size. However, most 
radiologists will continue this practice solely to 
obtain another view of the gallbladder in a different 
position and with altered shape so that they can exclude 
stones, But is it necessary if they have already seen 
one? 





There was videtis to “shaw: that multiple stones 
were associated with more complications than a 
single one; but since the threshold for surgery is one 
symptomatic stone, the discovery of any more by 
. complicated procedures does not actually alter patient 
management. If one stone is already visible in the 
gallbladder, does it really help in the management of 
the patient to discover more? The results of this study 
suggest that it does not. 
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Small bowel melaena:2 cases diagnosed by angiography 
W. Sr C. FORBES, D. J. NOLAN, E. W. L. FLETCHER AND E. LEE* 


SUMMARY 

Two cases of small bowel tumour presenting with 
melaena are reported. Selective visceral arteriography 
was found to be invaluable in the management of these 
cases. The first case presented with intermittent bleeding 
causing anaemia. Conventional barium studies of the 
small and large bowel revealed no abnormality. 
Superior mesenteric angiography revealed a mass lesion 
in the jejunum, with features characteristic of a leio- 
myoma. The second case presented with massive gastro- 
intestinal bleeding. Selective visceral angiography was 
performed initially and revealed a large, mainly 
avascular, mass lesion in the ileum. Pathological 
examination showed a leiomyoma which had undergone 
cystic degeneration. The value of selective angiography 
in patients with suspected small bowel bleeding is 
discussed, 


Less than 2 per cent of patients with gastrointestinal 
bleeding have a disease of the small bowel (Kanter et 
al., 1968). Benign tumours are responsible for less 
than 1 per cent of cases of gastrointestinal bleeding 
(Grill and Pichlmaier, 1963). 

Accurate diagnosis of the anatomical site, and 
possibly the nature, of the lesions causing small bowel 
haemorrhage is important and presents a challenge 
both to the radiologist and to the clinician. Con- 
ventional barium studies of the small bowel are 
frequently negative, particularly when the bleeding is 
chronic (Boijsen and Reuter, 1967). The purpose of 
this paper is to show that selective visceral angiography 
is a necessary and important method of localizing the 
site of bleeding caused by these tumours. We have 
recently had experience of 2 patients who presented 
with melaena of acute onset, in whom the preoperative 
diagnosis of a small bowel tumour was made from the 
appearance of the lesion at selective visceral angio- 


graphy. 


Case reports 

Case 1: Mrs D. W., aged 28, was first admitted on 11 October 
1975 suffering from weakness and fainting of 24 hours' duration 
and having passed three melaena stools. Eighteen months 
previously she had had one episode of severe epigastric pain 
which had subsided spontaneously and for which no cause was 
found. One week before admission she had taken 20 soluble 
aspirin tablets for toothache. On examination she was pale but 
not shocked, and had slight epigastric tenderness. Her haemo- 
globin was 6:3 g/dl and ESR 12 mm/h. A barium meal and 
sfollow-through examination of the small bowel were reported 
as normal. Endoscopy of the oesophagus, stomach and 
duodenum revealed no abnormality. She was transfused with 
6 units of blood and was discharged on 16 October 1975 with a 
diagnosis of probable erosive gastritis, her predischarge haemo- 
globin being 11:8 g/dl. However, she continued to pass melaena 
stools at home and was subsequently readmitted on 28 
October 1975. Her haemoglobin had dropped to 7.1 g/dl. 
Barium examination of the small bowel by means of duodenal 
intubation and a barium enema examination were both normal. 
She continued to pass melaena stools and her haemoglobin 
continued to drop. She was again transfused with 6 units of 
blood. Selective visceral angiography was performed on 7 
November 1975 and superior mesenteric angiography showed 
a very well-defined vascular blush measuring 35x30cm 
in the area of supply of one of the proximal branches of 


* * 


the jejunum (Fig. 13. Small abnormal vessels were seen to 
appear early within this area, and early filling of veins was also 
seen (Fig. 2). The blush was fairly prolonged and was homo- 
geneous. There was no evidence of intraluminal extravasation 
of contrast medium. A diagnosis of a tumour, probably benign, 
in the proximal jejunum was made. 

At operation a mass measuring 3 x 1-5 x 2-5 cm was found at 
the duodenojejunal flexure. A short section of jejunum and the 
mass were resected. The specimen of bowel contained an oval, 
homogeneous, white, firm tumour deep in the mucosal layer 
(Fig. 3). The overlying mucosa was ulcerated. The histological 
appearances were characteristic of leiomyoma. The patient's 
postoperative recovery was uneventful. 


Case 2: Mrs P. S., aged 65 years, was admitted as an emergency 
in July 1972 following a severe profuse melaena of acute onset 
of a few hours' duration. She required a transfusion of a total of 
14 units of blood. The patient had been admitted with gastro- 
intestinal bleeding 24 years previously and a barium enema 
examination performed at that time had shown no abnor- 
mality. Barium studies were not performed on this second 
admission; selective abdominal arteriography was immediately 
performed. Coeliac and inferior mesenteric arteriograms 
were negative. A superior mesenteric arteriogram showed an 
area of increased vascularity measuring 7x 5 cm, containing 
many abnormal vessels supplied by ileal branches in the right 
side of the pelvis. Adjacent to this was a well-defined 'egg- 
shaped’ mass, measuring 14x 12 cm, lying centrally in the 
pelvis (Fig. 4). This mass had a dense rim, but showed poor 
tumour staining and no tumour vessels. Early venous filling 
was not seen. There was considerable stretching of the neigh- 
bouring arteries. This mass, which was unsuspected clinically 
owing to the patient's obesity, was confirmed at laparotomy 
and was found in the mesentery of the ileum. The gross 
specimen of the tumour tissue measured 4x 6x 3 cm and was 
whitish and firm, but adjacent to it there was an area of cystic 
degeneration and haemorrhage. The histological appearances 
were typical of leiomyoma of the bowel wall. The postoperative 
period was uneventful and 3 years later the patient remains 
well. 


Discussion 

In cases of gastrointestinal bleeding presenting with 
melaena alone, the conventional barium examinations 
are even less likely to identify the source of bleeding 
than in those cases presenting with haematemesis. The 
cause of intermittent bleeding is even more difficult to 
detect by traditional methods, and may even be 
difficult to locate at laparotomy (Boijsen and Reuter, 
1967). As an illustration, the most outstanding report 
is that by Hanno and Mensch (1944) of a patient with 
a leiomyoma of the jejunum who had had 20 known 
episodes of melaena over a course of 14 years and in 
whom several barium examinations and a laparotomy 
had been negative. The patient finally succumbed after 
a fatal haemorrhage and the lesion was found at 
autopsy. 

However, according to Klein et al. (1971), if angio- 
graphy is employed in the investigation of cases of 
chronic blood loss, an angiographically demonstrable 
lesion will be found in most instances. 
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Fig. 1. Selective superior mesenteric arteriogram Subtraction 
films of the arteriographic phase showing a well-defined Fig. 3. Surgical specimen. Submucosal leiomyoma with 
homogeneous vascular blush (arrowed) in the distribution central ulceration. (Scale is in centimetres.) 

of the proximal jejunal branches. 
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Fig. 2. Selective superior mesenteric arteriogram. Subtraction Fig. 4. Selective superior mesenteric arteriogram. The early 
film of the late arteriographic phase showing early draining arterial phase: a ‘clump’ of abnormal vessels in the right 
veins (arrowed) on the medial aspect of the vascular blush. side of the pelvis (black arrows) with an adjacent large 


avascular mass lying centrally and to the left causing 


š : : 5 i stretching of the neighbouring vessels (white arrows). 
Angiography is extremely accurate in the diagnosis 


of small bowel tumours when contrasted with the high 


proportions of negative—often repeatedly so— et al., 1972; Mabille et al., 1973; Benacerraf, 1974; 
barium examinations, particularly in cases presenting Labrune et al., 1974). 
with chronic intermittent bleeding over a period of Angiographic findings in leiomyoma of the small 


months or years (Vachon et al., 1969; Neitzschmann intestine were first described by Boijsen and Olin 
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. (1964). Similar appearances were reported by Debray 
et al. (1965), Boijsen and Reuter (1966, 1967) and 
others. However, these findings have not been 
reported in the British literature. l 
-Small bowel leiomyomas, being well-circumscribed 
masses and very vascular tumours, have characteristic 
angiographic features, as seen in Case 1 (Ramer et al., 
1971). Thus, evidence of rapid arterial filling and early 
draining veins indicating arteriovenous shunting will 
be present on the angiogram. The tumours often 
produce a dense, homogeneous blush which corre- 
sponds to the actual size of the tumour. Because of 
their characteristic features, these tumours are easy to 
demonstrate angiographically, even at an early stage 
(Boijsen and Reuter, 1967). However, the character- 


.. istic features may be modified by the cystic degenera- 
.. tion and necrosis occurring in the tumour, as demon- 


. strated in Case 2. 

. The role of angiography in the diagnosis of small 
. bowel melaena is well illustrated in the 2 cases 
. presented here. The technique is safe and straight- 
> forward, even when the patient is bleeding actively, 
. and should be performed initially in cases of large 
. gastrointestinal haemorrhages (Ramer et al, 1971). 
.. Furthermore, arteriography does not interfere with 
other methods of examination and does not delay 
urgent surgery. If the barium examination is done 
initially the arteriogram must be delayed to allow the 
. barium to pass from the gastrointestinal tract otherwise 
. it will obscure the arteriogram. However, cases pre- 
senting with chronic bleeding should have conventional 
barium studies of the upper gastrointestinal tract and 
small bowel performed initially. The angiogram 
localizes the tumour accurately, which greatly 
facilitates its identification at laparotomy and reduces 
handling of the bowel and operating time. 
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Vascular malformations of the parotid region 
R. G. FABER, S. Z. IBRAHIM, D. St J. BREW AND M. HOBSLEY* 


SUMMARY 

Five adult patients with vascular malformations in 
the parotid region are described. Three of these 
patients had lumps in the parotid gland clinically in- 
distinguishable from parotid tumours: one had a 
diffuse swelling of the cheek, and the fifth had a 
pulsatile tumour in the deep lobe of the gland. Two 
patients had a characteristic sign—the lump in the 
cheek became more obvious, both visually and on 
palpation, when the masseter muscle was tensed. 
In 3 of the patients calcified opacities, resembling 
phleboliths, were demonstrated on plain X-ray exami- 
nation. This is only the third report of vascular 
malformations of the parotid region in the British 
literature; no other report of a pulsating tumour 
within the parotid gland has been found in a search of 
the world literature. 


A WELL-RECOGNIZED and not too uncommon site of 
vascular malformations (haemangioma) in children 
is the parotid region (Duncan, 1888; McFarland, 
1930). What is not so well recognized is that vascular 
malformations in the parotid region may present in 
adult life, and a Medlars offline computer search 
has only revealed two previous reports in the British 
literature (Gascoyen, 1860; Dempsey and Murley, 
1970). This communication has been prompted by 
the referral of 4 patients with this condition within 
a year; this suggests that vascular malformations may 
be more common than previously suspected. One 
other patient had been treated for this condition 6 
years previously, and the 5 cases are described. 


Case reports 

Case 1: Mrs M. C., aged 28, was referred in July 1970 with a 
swelling in the right cheek. The lump had been present for as 
long as she could remember—at least 20 years. Over the 
preceding year the lump had slightly enlarged and had 
occasionally been painful. The lump did not enlarge or become 
painful with meals. On examination there was a 2x l-cm 
mobile swelling in the region of the right parotid gland over- 
lying the lower third of the masseter muscle; the lump became 
more prominent on clenching the jaw. X-ray of the cheek 
showed two calcified swellings in the parotid gland; sialogram 
showed a normal duct and radicles, but these were displaced 
upwards by a mass within which the opacities lay. 

Operation was performed on 14 September 1970. The main 
trunk of the facial nerve was identified and was traced 
forwards. The superficial part of the parotid gland was freed 
up to the mass which was found to be within the masseter 
muscle between the third and fourth branches of the facial 
nerve. The mass and superficial parotid gland were excised in 
one block, preserving all the branches of the facial nerve. Post- 
operative recovery was uneventful, with no facial nerve 
weakness at any stage. 


Case 2: Mr G. S., aged 18, was referred in May 1976. His 
symptoms had started in 1973, when he had had episodes of 
swelling of the left side of the face accompanied by earache 
and toothache. Initially the symptoms had been so frequent 
and severe that operation had been undertaken in 1973 with a 
view to performing superficial parotidectomy. At that opera- 
tion, however, there had been so much chronic inflammation 
that the operation had been abandoned before identifying the 
facial nerve. The patient had remained fairly well until a few 


months before referral, when the symptoms started again. In 
1969 his left submandibular gland had been excised for 
recurrent swelling due to multiple calculi. On examination 
there was a soft diffuse swelling in the region of the anterior 
part of the parotid gland over the masseter muscle; it had a 
slightly nodular character. There was narrowing and scarring 
of the orifice of the left parotid duct. The facial nerve was 
clinically intact. 

A radiograph of the left cheek revealed calcified opacities 
(Fig. 1), and sialography, performed after dilating the main 
duct, revealed irregularity of the main and branch ducts with 
duct ectasia; the duct system, however, was separate from the 
calcified opacities. Operation was performed on 27 May 1976; 
after identifying, dissecting free and preserving the facial nerve 
and its branches, superficial parotidectomy with excision of 
most of the duct was performed. Four calcified masses were 
palpated within the masseter muscle, which was incised and 
the masses removed. The postoperative course was uneventful 
with minimal, transient facial nerve weakness. 





Fig. 1. X-ray (anteroposterior view) of the left cheek (Case 2), 
showing calcified opacities in the parotid region. 


Case 3: Mrs B. R., aged 70, was initially seen in May 1976. 
Three weeks previously she had noticed a white patch on her 
left cheek; a lump developed below the white patch and grew 
until, by the time of admission, it had developed a bluish 
colour. There was neither pain nor increase in size with 


* R. G. Faber, S. Z. Ibrahim and M. Hobsley, Department of 
Surgical Studies, The Middlesex Hospital and Medical School, 
London. D. St J. Brew, Bland Sutton Institute of Pathology 
and the Middlesex Hospital and Medical School, London. 
Correspondence to: R. G. Faber, Battle Hospital, Reading. 


172 R. G. Faber et al. 





a 


Fig. 2. Case 4. a, The jaw muscles are relaxed and no swelling is 


in the left parotid region has become obvious. 


eating. On examination there was a smooth, discrete, firm 
swelling, about 1 cm in diameter, in the left parotid region 
just anterior to the masseter muscle; there was a small area of 
skin tethering but no deep tethering. Plain X-ray of the cheek 
and left parotid sialography showed no abnormalities. The 
facial nerve was clinically intact. 

Operation was performed on 11 June 1976. The facial nerve 
was identified and dissected forwards. The lump lay in the 
anterior extension of the parotid gland with the lower buccal 
branch from the lower division adherent to the lump; this 
single branch was sacrificed and superficial parotidectomy 
completed removing the lump with a wide margin of normal 
tissue. There was quite marked facial palsy, affecting mainly 
the buccal region, immediately after operation, but within a 
few days recovery of facial nerve function was practically 
complete. 


Case 4: Mr M. W., aged 17, was referred in September 1976. 
He had developed a lump in the left cheek 3 months 
previously following a punch in the face from his brother. It 
had not changed in size and was never painful. He noticed 
that it was more prominent on clenching his teeth. On examina- 
tion there was a small, mobile mass in the anterior part of the 
left parotid just inferior to the main duct. It became more 
* obvious on tensing the masseter (Fig. 2). Plain X-ray of the 
cheek showed a single calcified opacity in the parotid region 
but sialography was completely normal. 

Operation was performed on 20 December 1976. The facial 
nerve was exposed and superficial parotidectomy performed. 
During the operation it became obvious that the calcified 
mass was in the masseter muscle rather than the parotid gland 
(Fig. 3), so the parotid and the mass were removed separately. 
His postoperative course was uneventful, with minimal 
weakness of the left lower lip which rapidly returned to normal. 


Case 5: Mr L. M., aged 50, was referred in February 1977. 
He had first noticed a lump in front of his right ear 2 years 
previously, since when it had slowly increased in size. There 
was no history of trauma. Initially it was thought to be a 
sebaceous cyst and he was referred to the surgical outpatient 





visible. b, The patient has clenched his teeth and the swelling 


clinic at Southend General Hospital. When examined in the 
clinic there a mass 5 cm in diameter was found in the right 
parotid region, anteroinferior to the ear; the mass was pulsatile 
with an audible bruit and the diagnosis of an arteriovenous 
malformation was made. 

Right carotid angiography (Fig. 4) was performed and an 
arteriovenous malformation was demonstrated; the malforma- 
tion was supplied by branches of the maxillary artery and the 
venous filling phase appeared to show a complete cast of the 
parotid gland. On 25 February repeat angiography was 
performed at The Middlesex Hospital; the right carotid artery 
was cannulated by the Seldinger technique via the femoral 
artery. Embolization of the malformation was performed with 
six injections of Gelfoam (Kendall and Moseley, 1977) and 
further angiograms demonstrated markedly reduced vascu- 
larity. At the end of the procedure the mass was clinically 
smaller and no longer pulsatile. 

Operation was performed on 4 March 1977. First, through 
a small incision, the right superficial temporal artery was 
identified, ligated and divided. Then the cervical and mastoid 
parts of the standard S-shaped parotidectomy incision were 
made and the external carotid artery and posterior facial vein 
identified; both were markedly enlarged and they and the 
occipital artery were ligated and divided. The incision was 
completed in front of the ear and the main trunk of the facial 
nerve identified, just anterior to its emergence from the stylo- 
mastoid foramen. The lower division of the nerve was followed 
forwards without difficulty and the lower pole of the superficial 
lobe of the parotid was mobilized. During dissection of the 
upper division of the nerve considerable difficulty due to back- 
bleeding from the maxillary artery was encountered (Fig. 5), 
but eventually superficial parotidectomy was completed 
preserving all branches of the facial nerve. The major part of 
the malformation lay in, and almost completely replaced, the 
deep lobe of the parotid gland. Gradually by careful dissection 
the malformation and deep lobe were mobilized from beneath 
the facial nerve; all feeding vessels were controlled with 
ligature or diathermy coagulation and total conservative 
parotidectomy was completed. 
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Fig. 3. Case 4. The situation just before completion of the 
operation (left side). For orientation, note the mark 

E for the lobule of the pinna and the mark N for the nose 
under the towel. The facial nerve (F) and its branches are 
also demonstrated. The superficial parotid (P) has been 
mobilized in an anterosuperior direction and only remains 
attached by its duct. The mass (M) has been separately 
mobilized from the masseter muscle. 


Fig. 4. Case 5. Right carotid arteriograms (subtraction film). 
The arteriovenous malformation has rapidly filled from the 
external carotid artery. 
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Fig. 5. Case 5. Right side: the anatomical anterior and 
posterior directions are respectively to right and left of 

the photograph. The superficial parotid gland (P) has been 
dissected forwards and off the facial nerve (F), while the 
arteriovenous malformation (M) has been mobilized beneath 
the main trunk of the nerve. The assistant's finger maintains 
haemostasis by compressing the maxillary artery during the 
dissection. 
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Fig. 6. Case 4. Abnormal blood vessels with very thin walls 
among muscle fibres and fibrous tissue. ( x 55.) 


Following operation there was marked temporary weakness 
affecting the branches of the upper division of the facial nerve, 
but within 48 h function began to return. 


Histology 

The lesions consisted of abnormal blood vessels of 
various types situated either in muscle (Cases 1, 2 
and 4) or in adipose tissue (Cases 3 and 5). In Case 5 
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an artery containing Gelfoam was seen within the sub- masseter muscles by clenching their teeth, the lump 
stances of the parotid gland. became visible and more easily palpable (Fig. 3). 
Portions of microscopically normal vein were This sign has only been recorded once before in a 
seen in 3 specimens (Cases 1, 2 and 5). Abnormal patient diagnosed as having hypertrophy of the 
vessels with very thin walls consisting of endothelium masseter; the correct diagnosis was only made in this 
resting almost directly upon striated muscle supported case after operation and histological examination of 
only by an extremely thin layer of connective tissue the specimen (Bloem and van Hoef, 1971). Presumably 
were seen in Cases 1, 2and 4 (Fig. 6). Other abnormally this sign will only be present if the malformation is 
formed vessels with fibrous walls lacking in elastic either within, or fixed to, the masseter muscle. One of 
tissue and smooth muscle were seen in all cases. our patients, Case 5, presented with a pulsatile swelling 
Thrombosis was found in the abnormal vessels within the parotid region, which facilitated the pre- 
in Cases | and 4 and in both of these organization of | operative diagnosis; no other reported cases of a 
the thrombus was in progress. Calcified nodules, pulsatile tumour in the parotid gland have been found 
presumably from organization of thrombus in the during a search of the world literature. 
past, were found in these 2 cases and also in Case 2, There are three other ways, not demonstrated in 
although no recent thrombus was seen in Case 2. In our cases, in which a vascular malformation in the 
each case the histological appearance of the salivary parotid region may present. The first is the dramatic 
gland tissue was normal, except in Case 2 where sign of facial nerve palsy, only once previously 
there was lymphocytic chronic inflammatory infil- described (May et al., 1973). The second is *Turkey 


tration alongside some of the ducts. Wattle Sign' (Patey, 1968), in which the lump becomes 
more prominent due to vascular filling when the head 
Discussion is bent forwards or the patient lies horizontal. Apart 


The nature of the lesion seen in our 5 patients has been from Patey's case, only 2 other patients with this 
described as either a cavernous haemangioma, ie. sign in the parotid region have been described (Demp- 
benign tumour of blood vessel origin, or a vascular sey and Murley, 1970; May et al., 1973) and 1 patient 
malformation, i.e. a hamartoma. As there is contro- with a similar lesion in the region of the submandi- 
versy among pathologists as to which is the correct — bular gland (Parker and Frommer, 1964). The third is 
nomenclature, this will not be discussed further, and — masseteric hypertrophy (Bloem and van Hoef, 1971). 
for convenience the lesions will be referred to as In 3 of our 5 cases there were characteristic X-ray 
vascular malformations, the term used in the only appearances; these were of round, calcified Opacities— 
other recent British publication on the subject characteristic of phleboliths (Figs. 1, 2, 4) —and these 
(Dempsey and Murley, 1970), or angiomas if so aided in the diagnosis. That phleboliths can develop 
called by the authors subsequently quoted. It has in angiomas was first appreciated by Fabian (1920), 
been suggested (Deigham and Barton, 1956) that and Davis and Kithowski (1930) reported a 16% 
these lesions are congenital anomalies which can be incidence; however, the presence of such calcified 
brought to light by trauma. Certainly Case 4 gave a opacities in any soft tissue tumour is highly suggestive 
history of being struck in the parotid region prior to of angioma (Dempsey and Murley, 1970), As well as 
the appearance of the lump, which would add support Dempsey and Murley, Schwartz and Salz (1955), 
to this theory. The incidence of these lesions is — Deigham and Barton (1956) and May et al. (1973) 
difficult to determine, but there have been three likewise made the correct preoperative diagnosis on 
large series suggesting that they may account for the basis of these radiographic findings. This com- 
between 1 and 2% of parotidectomies. From America, pares well with a preoperative diagnosis only being 
Grage et al. (1961) reported 2 angiomas out of 142 made in 18 of the 212 intramuscular haemangiomas 
benign tumours of the parotid; Hanna and Gaisford described by Davis and Kithowski (1930). Another 
(1962), 4 angiomas out of 300 parotidectomies; and diagnostic point is that if sialography is performed, 
Catania et al. (1974), from Italy, 6 angiomas out of the mass is demonstrated as being separate from and 
327 parotid tumours. Davis and Kithowski (1930) displacing the duct system. This was the finding in 
reported 9 cases of haemangioma of the masseter those 3 of our cases in whom this investigation was 
muscle in a collection of 212 cases of primary intra- performed, and it was also the experience of Deigham 
muscular haemangioma of striated muscle found ina — and Barton (1956) and May et al. (1973). 


search of the world literature. Of these 9 lesions, In the adult, the treatment of this condition is 
4 were in adults, 4 were in children and the age of 1 surgical removal for two reasons: first, the lump may 
was not stated. be indistinguishable from a parotid tumour (Schwartz 


It is generally agreed (Schwartz and Salz, 1955; and Salz, 1955; Scarcella et al, 1965), as was our 
Grage et al, 1961; Hanna and Gainford, 1962; : experience with Case 3; secondly, the swelling can 
Scarcella et al., 1965; May et al., 1973; Catania et al., ^ increase in size and cause pain (Deigham and Barton, 
1974) that vascular malformations usually present ; 1956; Stevenson, 1966; May et al., 1973), as was our 
as solitary lumps in the parotid region, as was the . experience with Cases 2 and 5, with the risk of further 
case in 3 of our 5 patients. However, a less common 1 and rapid enlargement if left untreated. Indeed, 
presentation can be of a diffuse swelling of the cheek, ¥ increasing size resulting in suffocation of the patient 
with or without pain; this was the presentation of gg was the sequela of the first malformation reported 
our Case 2, 2 of the 3 cases of Dempsey and Murley # in an adult patient (Gascoyen, 1860). The safe surgical 
(1970) and both the cases of Deigham and Barton ffapproach is to perform a standard parotidectomy 
(1956) and the one patient of Stevenson (1966). Two B incision, identify the facial nerve and remove the 
of our patients, Cases 1 and 4, had a characteristic li swelling either with the superficial parotid or after 
physical sign; the lump in the parotid gland was not Wisuperficial parotidectomy has completely demon- 
visible and was only palpated with difficulty when@istrated the course of all the branches of the facial 
their jaws were relaxed, but when they tensed their nerve. This was the approach followed in all our 
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cases, and none suffered permanent facial nerve 
weakness. Of particular note was the use of pre- 
operative Gelfoam embolization of the malformation 
in Case 5. Even following this highly effective pro- 
cedure, the operation was only completed with 
extreme difficulty. Without the prior injection of 
Gelfoam it would have been impossible to perform 
total parotidectomy without damage to at least the 
upper division of the facial nerve. 

Finally, it is of note that one of our patients, 
Case 2, had previously had one submandibular 
gland removed elsewhere for ‘calculous’ disease. In 
retrospect, it is possible that he actually had a vas- 
cular malformation in the region of that gland. 
Stevenson (1966) reported a patient in whom three 
haemangiomas developed, one in the region of the 
left submandibular gland and two, at different times, 
in the region of the left parotid gland. One of Dempsey 
and Murley's patients (1970) had angiomas of the 
tongue and subcutaneous tissue of the neck, right 
shoulder and back, as well as one of the parotid 
region. 
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Transection of the trachea secondary to blunt trauma 
THOMAS W. LAWHORNE, K. JEYASINGHAM AND RICHARD F. KIEFFER* 


SUMMARY 

Tracheal injuries secondary to blunt trauma are not 
common and complete tracheal transection is even 
more unusual. Because the incidence of these treatable, 
but often lethal, injuries is increasing, more surgeons 
will encounter them. A report of the treatment of a case 
of tracheal transection due to blunt trauma with 
emphasis on avoiding unnecessary tracheostomy is 
presented, with a review of the literature. 


SINCE 1957 when Beskin described the first successful 
primary repair of complete tracheal transection 
following blunt trauma, there have been several reports 
of similar injuries (Soothill, 1960; Shaw et al., 1961; 
Dallas, 1963; Daly and Fawcett, 1967; Kirkpatrick et 
al., 1973; Sheely et al., 1974; Ashbaugh and Gordon, 
1975; Gill et al., 1977). Yet, Hood and Sloan in 1959 
reported only 18 cases of tracheal injuries in the world 
literature, and complete severance was ‘rarely’ found. 
The increasing incidence, largely due to high velocity 
traffic accidents (Beesinger et al., 1974; Neugebauer 
et al., 1974), challenges surgeons to have a manage- 
ment plan for these treatable, but often lethal, injuries 
(Ecker et al., 1971). Herein is reported a case of 
traumatic tracheal transection in the treatment of 
which the emphasis was on avoiding unnecessary 
tracheostomy. 


Case report 

M. C., a 29-year-old male, was brought to the casualty depart- 
ment after sustaining blunt trauma to the neck and chest in a 
road traffic accident. Clinical features included haemoptysis, 
hoarseness, mild stridor, cervical subcutaneous emphysema 
and tenderness of the anterior aspect of the neck. There was 
also an ecchymosis of the skin of the neck incurred when the 
patient’s neck had struck the steering wheel. Vital signs were 
normal. There was no evidence of intrathoracic or intra- 
abdominal injuries or of injuries to the head and extremities. 
X-rays demonstrated subcutaneous air in the neck, a fracture 
of the anterior cortex of the manubrium sterni and a dilated 
tracheal air shadow in the neck (Fig. 1). Indirect laryngoscopy 
revealed a small arytenoid haematoma, but vocal cord function 
was normal bilaterally. Because of increasing stridor, neither 
endoscopy nor oesophagography was performed; rather, the 
patient was taken directly to the operating room for trache- 
ostomy. Exploration of the neck was carried out under local 
anaesthesia because sedation produced more airway obstruc- 
tion and intubation of a possibly fractured larynx was best 
avoided. Through a transverse collar incision, the cervical 
trachea was found to be completely transected between the 
third and fourth cartilaginous rings, with the distal fragment 
retracted into the mediastinum. The distal trachea was 
promptly intubated (Fig. 2) and general anaesthesia assured. 
Examination of the larynx demonstrated no laryngeal fracture 
or dislocation. The retracted tracheal ends were mobilized and 
one fractured cartilaginous ring was excised. The two ends 
of the trachea were then anastomosed in an end-to-end manner, 
using interrupted stainless-steel wire sutures. No oesophageal 
injury was found. The neck was drained through a corrugated 
strip brought out through a separate incision. After the 
procedure the patient breathed spontaneously and the endo- 
tracheal tube was removed the next morning. There was no 
evidence of airway obstruction and tracheostomy was not 
performed. Postoperative management included neck flexion 
(Fig. 3), antibiotics, humidification and physiotherapy. An 








Fig. 1. Lateral X-ray of the neck demonstrating a dilated 
tracheal air shadow. 
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Fig. 2. Endotracheal tube in the distal tracheal fragment. The 
proximal transected end contains a triangular flap of 
membrane wall of the trachea. 
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unremarkable convalescence followed. A tomogram (Fig. 4) 
3 weeks later, before discharge from the hospital, demon- 
strated a wide anastomosis. Subsequent laryngobronchoscopy, 
6 weeks after repair, revealed normal cords and larynx and an 
anastomosis without stricture. When last seen, 12 months after 
the accident, the patient was in continued good health and 
was back at work. 


Mechanism of injury 

The vast majority of closed injuries to the tracheo- 
bronchial tree occur in traffic accidents. The rarity of 
the lesion is attributed to the bony protection provided 
by the mandible and sternum and to the inherent 
elasticity and mobility of the trachea (Harrington et 
al., 1962; Bertelsen and Howitz, 1972). Postulated 
explanations of injury include the following mech- 
anisms: violent acceleration/deceleration; overstretch 
of the trachea; compression between the vertebral 
column and sternum; and high intratracheal pressure 
generated when trauma occurs with the glottis closed 
(Urschel and Razzuk, 1973). The last mechanism has 
some experimental documentation (McGrath, 1968) 
and seems to be the aetiology of injuries occurring 
with explosion of anaesthetic gases within the tracheo- 
bronchial lumen (Shaw et al., 1971) and with intense 
Valsalva manoeuvres in obstetrical labour (Seed, 
1971). 


Pathology 

The most common site of tracheobronchial injury 
secondary to blunt trauma is the area near the carina 
(Chesterman and Santsangi, 1966; Bertelsen and 
Howitz, 1972). The nature of the lesion varies from a 
linear laceration to a complete transection, with the 
former occurring more frequently (Hood and Sloan, 
1959), Some of these injuries have been reported to 
heal uneventfully without treatment (Harrington et 
al., 1962; McCaughey and King, 1975). However, a 
significant injury, unrepaired, commonly develops into 
stricture with distal atelectasis or bronchiectasis if 
infection exists (Hood and Sloan, 1959). There are 
fewer associated injuries and a lower mortality with 
injuries of the cervical rather than the thoracic trachea 
(Ecker et al., 1971). The most common associated 
injury is a fracture of the bony thorax (Bertelsen and 
Howitz, 1972). Yet, the most commonly injured vital 
structures are the oesophagus in cervical and the 
aorta in thoracic tracheal injuries (Urschel and 
*Razzuk, 1973). Particular attention must be paid to 
the oesophagus, where the diagnosis may prove 
elusive and the sequelae morbid (Killen and Collins, 
1965; Antkowiak et al., 1974). 


Diagnosis 

The diagnosis of tracheal injury should be considered 
in every injured person with dyspnoea, hoarseness, 
cough or neck pain. The two cardinal clinical features 
are extraluminal gas and intraluminal bleeding. 
Depending on the location of the injury, the extra- 
luminal air may initially appear as a subcutaneous 
emphysema, pneumomediastinum, — pneumoperi- 
cardium or pneumothorax. All of these spaces may 
eventually be involved as the air dissects the tissue 
planes. Haemoptysis is the rule, but the intraluminal 
haemorrhage may pool in the distal segment with 
associated atelectasis. X-rays of the chest and neck 
are essential diagnostic aids, but the most useful 
procedure is bronchoscopy (Olson and Johnson, 1971; 
Urschel and Razzuk, 1973; Kirsh et al., 1976). 
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Fig. 3. Neck flexion was ensured by suturing the chin to the 
manubrial skin. The supportive plaster apparatus was 
constructed to relieve the patient's discomfort. 





Fig. 4. Postoperative tomogram demonstrating a wide air 
passage at the anastomosis. 


Bronchograms may be helpful in defining chronic 
strictures after injury (Bertelsen and Howitz, 1972). 
Oesophagoscopy and oesophagograms are invaluable 
adjuncts in the identification of concomitant injury of 
the gullet. 


178 Thomas W. Lawhorne et al. 

Treatment 

The treatment of a tracheal injury depends on the 
nature of the injury and on its location. Small tears 
have usually been treated with temporary trache- 
ostomy, which prevents an increase in the intra- 
tracheal pressure and decreases air leakage into the 
tissues. However, in all but the very simple lesions, 
the treatment of choice is primary suture repair. If the 
cervical trachea is injured, a transverse collar incision 
is made. If distal exposure is required, the wound may 
be extended by upper median sternotomy and right 
anterior thoracotomy; this flap exposes the entire 
trachea from cricoid to carina (Grillo, 1969). Thoracic 
tracheal injury is approached through a high right 
posterolateral thoracotomy (Grillo, 1969). Interrupted 
minimally reactive sutures with extraluminal knots 
are preferable. Tension at the suture line, the major 
cause of anastomotic stricture (Cantrell and Folse, 
1961), can usually be avoided by following the guide- 
lines outlined by Grillo (1970, 1972) and Mulliken 
and Grillo (1968). Through the cervicomediastinal 
approach, 4-5 cm of trachea may be mobilized (or 
resected) if the neck is flexed. When the right pleural 
cavity is entered, an additional 1-4 cm of trachea can 
be mobilized by dissection of the lung hilum and by 
detachment of the inferior pulmonary ligament. 
Reimplantation of the left main bronchus into the 
bronchus intermedius (Grillo, 1970) and laryngeal 
release (Dedo and Fishman, 1969) are additional 
techniques for achieving adequate mobilization for 
primary anastomosis, where there has been tissue 
loss. In freeing the trachea, lateral dissection should be 
avoided to prevent damage to the recurrent laryngeal 
nerves and to the tracheal blood supply. 

Due to inflammation, delayed repair of a tracheo- 
bronchial injury is more difficult (Hood and Sloan, 
1959). Nevertheless, if distal pulmonary dysfunction 
is reversible, reconstruction is indicated, and success 
has been reported as late as 15 years after injury 
(Urschel and Razzuk, 1973). Dilatation of established 
strictures secondary to trauma seldom results in a 
satisfactory air passage. Even with long strictures, the 
treatment of choice is resection and primary anasto- 
mosis. Less desirable alternatives include pulmonary 
resection, staged procedures, prosthesis and medi- 
astinal tracheostomy (Hood and Sloan, 1959; Grillo, 
1966, 1970; Urschel and Razzuk, 1973). 

When a primary repair of a tracheal injury is 
performed, many authors (Beskin, 1957; Soothill, 
1960; Shaw et al, 1961; Harrington et al, 1962; 
Dallas, 1963; Bertelsen and Howitz, 1972; Sheely et 
al, 1974; Kirsh et al., 1976) have favoured con- 
comitant tracheostomy, preferably distal to the repair, 
in order to ‘protect’ the tracheal suture line. Routine 
tracheostomy, especially when a patient breathes 
spontaneously, is unnecessary, as is evidenced by the 
case reported above. Tracheostomy has inherent risks 
and is not routinely performed during tracheal 
resections or sleeve resections of the bronchus (Grillo, 
1970, 1972). Thus, when a tracheal injury is repaired 
primarily, the present authors feel that concomitant 
tracheostomy is indicated only for associated laryngeal 
injury or for prolonged ventilator therapy. 
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Non-recurrent laryngeal nerve 


SHELTON E. WIJETILAKA* 


SUMMARY 


Two cases of a right non-recurrent nerve were 
encountered in 203 thyroidectomies. In its abnormal, 
non-recurrent course the nerve passes transversely from 
under the carotid sheath and takes a position which is 
at right-angles to the normal recurrent laryngeal nerve. 


AN anomalous course of the recurrent laryngeal nerve 
is a rare occurrence and so far has been reported on 
the right side exclusively. Due to its abnormal course 
and position in relation to the thyroid gland, the risk 
of injury to this nerve with resulting paralysis of the 
vocal cord is high during thyroid surgery. 


Case reports 

Case 1: Mrs C. G., 28 years old, noticed a swelling in front of 
the neck 3 months before admission to hospital. There was a 
progressive increase in the size of the lump, but no dyspnoea or 
dysphagia. At the time of admission her pulse was 62/min and 
the blood pressure 110/60 mmHg. There was no evidence of 
toxicity. Thyroidectomy was carried out on 15 November 1976 
via the usual collar incision with retraction of the strap muscles. 
A multinodular goitre with a larger right lobe was found. The 
right lobe was mobilized after control of the inferior thyroid 
leash of veins and ligature of the superior thyroid pedicle. The 
middle thyroid vein was insignificant. The right recurrent 
laryngeal nerve was not present in the right tracheo-oesophageal 
groove or thereabouts. On further dissection in search of an 
aberrant nerve between the carotid sheath laterally and the 
oesophagus medially, the right inferior thyroid artery and 
nerve were seen emerging as shown in Fig. 1. The nerve is seen 
crossing superficial to the inferior thyroid artery and taking a 
transverse course to enter the larynx under the inferior border 
of the inferior constrictor muscle and medial to the inferior 
horn of thyroid cartilage. The left lobe was also mobilized and 
the left recurrent nerve was seen in the usual position in the 
tracheo-oesophageal groove, passing upwards between a 
superficial and a deep branch of the left inferior thyroid artery. 
The excised portion of thyroid gland weighed 48 g. 

The patient's postoperative course was uneventful and she 
was discharged on 24 November 1976. Laryngoscopic examina- 
tion before discharge showed both vocal cords to be functioning 
normally. 

Having obtained the patient's consent, an oesophagogram 
and an aortic arch angiogram were carried out to confirm the 
absence of a normal right subclavian artery. The oesophago- 
gram (Fig. 2) showed a marked indentation of the oesophagus 
by the abnormal right subclavian artery, in spite of which the 
patient had no dysphagia. The aortic arch angiogram (Fig. 3) 
showed an abnormal right subclavian artery arising from the 
aortic arch beyond the left subclavian artery and crossing to 
the right behind the trachea and oesophagus, indenting the 
latter (Fig. 2). 


Case 2: Mrs S. K. P., 42 years old, sought treatment for a 
multinodular goitre of 2 years' duration. She had no dysphagia 
or dyspnoea. On admission her pulse was 78/min and the 
blood pressure was 130/90 mmHg. There was no clinical 
evidence of toxicity. Thyroidectomy was performed on 12 July 
1972 using a standard collar incision with retraction of the 
strap muscles. The right recurrent laryngeal nerve was not 
present in the usual position. A search was then made for an 
aberrant nerve as described in Case 1. A right non-recurrent 
laryngeal nerve was found emerging from under the carotid 
sheath and passing medially superficial to the inferior thyroid 
artery to enter the larynx as in Case 1. The left recurrent 
laryngeal nerve was in the usual position. The resected 
specimen of thyroid gland weighed 70 g. 





Fig. 1. The arrow denotes the right common carotid artery. 
The non-recurrent nerve is seen coursing forwards from 
under the common carotid. Just above the nerve and lying 
almost parallel to it is the inferior thyroid artery with the 
ligature in continuity still in situ. The nerve is seen crossing 
the artery and lying superficial to it. The finger and thumb 
are pushing the remnant of the resected right lobe of the 
thyroid gland forwards on to the trachea to help exposure of 
the nerve. 


Laryngoscopic examination 10 days after thyroidectomy 
showed both cords to be mobile. No investigations were carried 
out to confirm the presence of the associated vascular anomaly. 


Embryology 

The recurrent laryngeal nerve is the main motor and 
sensory nerve of the larynx. This nerve is develop- 
mentally the nerve of the sixth branchial arch and is 
related to the vessel of the sixth arch (Pemberton and 
Miller, 1941; Work, 1941). 

The ventral part of the sixth arch vessels forms the 
pulmonary arteries, but the dorsal part disappears, 
releasing the nerve which has to ascend to the larynx. 
The fifth arch vessels do not persist and disappear 
early and the nerve is arrested and hooked by the next 
arch, the fourth arch vessels. The fourth arch on the 
right side becomes the right subclavian artery and on 
the left side, the aortic arch. Rarely, the right sub- 
clavian artery is aberrant and does not develop from 
the right fourth arch vessel but arises from the 
posterior aspect of the arch of the aorta just distal to 
the left subclavian artery and crosses to the right 
behind the trachea and oesophagus (Fig. 3). It then 
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Fig. 2. Oesophagogram: right anterior oblique view. The 
indentation on the posterior aspect of the oesophagus is 
produced by the right subclavian artery arising from the left 
side of the arch of the aorta and crossing to the right behind 
the oesophagus. 





Fig. 3. Aortic arch angiogram. The right subclavian artery is 
seen arising, independently of the right common carotid, 
from the left side of the arch of the aorta. 





indents the latter (Fig. 2) and sometimes produces 
dysphagia/dysphagia lusoria (Lichter, 1963). When 
this abnormality of the right subclavian artery is 
present there is no fourth arch vessel on the right 
which the recurrent nerve can hook round and hence 
this nerve passes directly and transversely from the 
vagus nerve in the neck to the larynx (Fig. 1). 

A non-recurrent laryngeal nerve detected during 
thyroidectomy has never been reported on the left 
side. This is understandable on developmental grounds 
as the fourth arch on the left persists as the aortic arch 
except in the rare instances when the aortic arch is on 
the right. In the latter situation, if the added anomaly 
of a left subclavian artery were to occur, the left nerve 
could theoretically be non-recurrent, but the combina- 
tion of circumstances is so remote as to make it of 
such rarity as not to merit serious consideration. 
However, such a nerve has been described in a cadaver 
dissection in the Harvard anatomical laboratory by 
Dr Weatherford (Berlin, 1935). 


Discussion 

A non-recurrent right laryngeal nerve has been found 
twice in the present personal series of 203 thyroid- 
ectomies. In the Lahey clinic series (Stewart et al., 
1972), 6 out of 1776 right recurrent nerves were non- 
recurrent. Reeve et al. (1969) described 7 such nerves 
in 1200 thyroidectomies. The incidence of a non- 
recurrent laryngeal nerve varies between 0:3 per cent 
and 1 per cent in these reported instances. Williams 
(1933) suggests that a thyroid surgeon may find 1-4 
aberrant nerves in every 100 thyroidectomies. Non- 
recurrent nerves have also been reported by 
Humphreys (1955), Wade (1955), Blackburn and 
Salmon (1961) and Hunt et al. (1968). 

This anomaly may therefore be considered rare. 
Nevertheless, when it occurs the risk of injury to the 
nerve during thyroidectomy is high and hence a 
thyroid surgeon should be aware of the abnormal 
non-recurrent course in order to diminish the risk of 
inadvertent nerve damage. 

It is generally agreed that routine exposure of the 
recurrent nerves during thyroidectomy is the best 
insurance against injury (Lahey, 1944; Cattel, 1948; 
Wade, 1955; Riddell, 1970). 

The anomalous nerve takes a very similar course to 
the inferior thyroid artery (Fig. 1) and could easily be 
mistaken for the vessel and ligated, as described by 
Pemberton and Beaver (1932). Stewart et al. (1972) 
maintain that no structure passing medially from the 
carotid sheath except the middle thyroid vein should 
be divided until the recurrent laryngeal nerve is 
identified. If at this stage no recurrent nerve is found 
in the normal position on the right side, an anomalous 
right non-recurrent nerve should be sought. Having 
dislocated the right lobe of the thyroid gland medially 
and forwards, an anomalous nerve should be looked 
for between the carotid sheath laterally and the tracheo- 
oesophageal groove medially. In its abnormal non- 
recurrent course the nerve now passes transversely 
across the neck to enter the larynx, and hence adopts 
a course at right-angles to the normal right recurrent 
laryngeal nerve. 
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An assessment of the accuracy of modern endoscopic 


diagnosis of oesophageal stricture 
M. C. EASTMAN, M. W. L. GEAR AND A. NICOL* 


SUMMARY 
The results of 135 fibreoptic endoscopic examinations of 
oesophageal strictures carried out in a district general 
hospital are reported. The endoscopic diagnosis was 
correct in 90 per cent, uncertain in 3 per cent and 
incorrect in 7 per cent of these cases. This study indicates 
that endoscopic examination should include tissue 
sampling; this not only allows a precise tissue diagnosis 
to be made but also is shown to increase the accuracy of 
diagnosis, Tissue sampling should include cytological as 
well as histological material. Analysis of cases of 
stricture correctly diagnosed has shown that target 
biopsy and brush cytology each makes a significant 
contribution to diagnosis. The routine collection of 
cytological specimens in addition to the more commonly 
obtained histological specimens is strongly advocated. 
The natural history of malignant oesophageal 
strictures in this study is reviewed. The mean survival in 
58 cases was 6:9 months. 


THE increasing use of flexible fibreoptic endoscopic 
examinations with provision for taking target biopsy 
specimens has improved the accuracy of diagnosis 
of upper gastrointestinal lesions. The diagnostic 
accuracy in several series is about 80-85 per cent 
(Prolla et al., 1971; Kobayashi et al., 1971; Yoshii et 
al., 1971). The addition of brush cytology has been 
shown to increase diagnostic accuracy (Prolla et al., 
1971; Boddington, 1974; Gear et al, 1977). This 
technique is most valuable in the diagnosis of 
oesophageal stricture (Bedine and Cocco, 1972; 
Winawer et al., 1975, 1976; Hishon et al., 1976). 

This study assesses the accuracy of endoscopic 
diagnosis in cases of oesophageal stricture using a 
combination of flexible fibreoptic endoscopy with 
target biopsy and brush cytology. 


Patients and methods 

The records of 124 patients with dvsphagia who underwent 
endoscopic examination in a district general hospital during 
the period April 1972 to November 1975 were reviewed. Nine 
patients were excluded from the study because of inadequate 
follow-up: 115 patients were therefore available for assessment 
and of these, 18 had a second examination and 2 of these a 
third; a total of 135 examinations was thus reviewed. 

Among the 115 patients there were 60 males and 55 females, 
with an age distribution as shown in Fig. 1 and a mean age of 
67-6 vears. 

The endoscopic examination in each case was carried out 
using a flexible fibreoptic instrument, usually as an outpatient 
procedure. Cytological specimens were taken from the base 
and edge of any local lesion seen. The cytology brush was 
rotated on the lesion, then removed from the endoscope and 
immediately rinsed in 50 per cent alcohol as a fixative; the 
centrifuged deposit was smeared on a slide, air dried and 
stained by the Papanicolaou method. 

Multiple biopsy specimens were taken from focal lesions 
using biopsy forceps with a central spike. Where possibile, a 
biopsy specimen was taken from the edge as well as from the 
base of any lesion. All the biopsy specimens were reported by 
one pathologist; the cytology specimens were reported 
independentiy by the technicians providing the routine hospital 
cytology service. 


* 


The endoscopic appearance and the histological and cyto- 
logical reports were each graded as benign, uncertain or 
malignant. A combined or endoscopic diagnosis was then 
made by using the following criteria: all cases with malignant 
tissue on histological or cytological assessment were graded as 
malignant regardless of their endoscopic appearance; cases 
with malignant endoscopic appearance but no histological or 
cytological confirmation were graded as uncertain; cases in 
which no tissue specimens were available for assessment were 
graded according to endoscopic appearance. 


30 


20 
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0 30 40 50 60 70 80 90 
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Fig. 1. Age distribution of 115 patients in this study. 


In 119 instances (113 patients) barium studies were available 
and the radiological reports were also graded as benign, 
uncertain or malignant. The endoscopic diagnosis, its individual 
components and the radiological reports were then compared 
with the final diagnosis or outcome in all cases. 

In 69 patients the final diagnosis was made on information 
obtained at laparotomy, thoracotomy or necropsy. In the 
remaining 55 patients the stricture was assumed to be benign if 
12 months without signs of malignancy had elapsed following 
endoscopic examination. Death within 12 months of endo- 
scopic examination (unless from an unrelated cause) was taken 
as confirming the malignant nature of that stricture. The 
validity of this assumption was tested by studying the natural 
history of the malignant strictures in this study. 

The terms 'false negative' and 'false positive' are used to 
indicate a lesion incorrectly diagnosed by the pathologist as 
benign or malignant respectively, the designation ‘false’ being 
dependent, of course, on the final diagnosis. 


Results 

As explained above, the study consisted of 135 
endoscopic examinations in 115 patients. In 75 
examinations (69 patients) the final diagnosis was of a 
malignant stricture and in 60 examinations (46 
patients) the final diagnosis was of a benign stricture. 
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Table I: COMPARISON OF ENDOSCOPIC DIAGNOSIS 
AND ITS COMPONENT PARTS WITH 
FINAL DIAGNOSIS FOR ALL STRICTURES 


Correct Uncertain Incorrect 
Report ^ (% C) 
Endoscopic appearance 82 9 9 
{n = 135) 
Cytological report 81 6 13 
{n = 100) 
Histological report 73 12 15 
(n — 121 
Endoscopic diagnosis 90 3 7 
(nz 135) (4 cases) (10 cases) 


Thirty-five cytology specimens and 14 histology specimens 
were either not taken or were inadequate for assessment. 


Table I shows the results of comparing the endo- 
scopic diagnosis and each of its individual components 
with the final diagnosis for all cases in the study. The 
endoscopic diagnosis was correct in 90 per cent of 
examinations, uncertain in 3 per cent (4 cases) and 
incorrect in 7 per cent (10 cases). Tables H and LH 
show the results for malignant and benign strictures; 
in malignant strictures the endoscopic diagnosis was 
correct in 87 per cent of 75 examinations, in benign 
strictures the diagnosis was correct in 93 per cent of 
60 examinations. Overall, endoscopic diagnosis was 
incorrect in 10 examinations, consisting of 3 false 
positive diagnoses and 7 false negative diagnoses. 
Four of these 7 false negative endoscopic diagnoses 
were made in patients who were examined following 
treatment for a malignant stricture. This involved a 
resection in 3 cases and radiotherapy in | case. If these 
4 cases are excluded, accuracy of diagnosis increases 
to 92 per cent. In 4 examinations the endoscopic 
diagnosis was uncertain; 1 patient had oesophagitis 
and a benign stricture and the other 3 patients had 
malignant strictures. 

Table IV shows the results of comparing the barium 
meal report with the final diagnosis for both benign 
and malignant strictures; although the overall 
accuracy was 72 per cent in the 119 studies carried out, 
only 59 per cent of the 65 malignant strictures were 
correctly diagnosed. 

Brief case reports of the patients with uncertain or 
incorrect endoscopic diagnoses are given below. 

Table V shows the contribution made by each 
component to the correct endoscopic diagnosis of 
malignant stricture. In 60 out of these 65 examinations 
a correct tissue diagnosis was made. In 32 examina- 
tions both histological and cytological evidence of 
malignancy was found; in 17 examinations there was 
histological but no cytological evidence of malignancy. 
However, tissue specimens for cytological examina- 
tion were only taken in 7 of these 17 examinations. In 
11 examinations there was cytological but no histo- 
logical evidence of malignancy and in 5 examinations 
the endoscopic appearance was sufficiently obvious 
to make a correct diagnosis of malignancy in the 
absence of tissue samples. 


Natural history of malignant strictures 

A total of 58 cases with adequate follow-up was 
assessed (Table VI); the mean survival for all cases 
was 6:9 months. Twelve patients had some form of 
resection; in this group the mean survival was 11-75 
months and there were 4 deaths in the postoperative 
period. Eighteen patients received radiotherapy, with 
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Table H: COMPARISON OF ENDOSCOPIC 
DIAGNOSIS WITH FINAL DIAGNOSIS FOR 
MALIGNANT STRICTURES 
Correct Uncertain Incorrect 
Report (A) C) |) 
Endoscopic appearance 84 8 8 
(n= 75) 
Cytological report 45:5 5 19-5 
(nz 57) 
Histological report 71 7 22 
(n= 69) 
Endoscopic diagnosis 87 4 9 
{n= 78) (3 cases) (7 cases) 


Table Ili: COMPARISON OF ENDOSCOPIC 
DIAGNOSIS WITH FINAL DIAGNOSIS FOR BENIGN 
STRICTURES 


Correct Uncertain Incorrect 
Report vA Oa) CA) 
Endoscopic appearance 83 8-5 8.5 
(n= 60) 
Cytological report 88 7 5 
(n — 43) 
Histological report 75 19 6 
{n = 52) 
Endoscopie diagnosis 93 2 
{n = 60) (1 case) (3 cases) 


Table IV: COMPARISON OF THE BARIUM MEAL 
REPORT WITH FINAL DIAGNOSIS FOR ALL 
STRICTURES 





Correct Uncertain Incorrect 
(%) A C 
Malignant strictures 59 15 26 
(n = 65) 
Benign strictures 89 7 4 
(nz 54) 
All strictures 72 12 16 
{n= 119) 





Table V: THE CONTRIBUTION OF TISSUE 
SPECIMENS IN ACHIEVING A CORRECT 
DIAGNOSIS OF MALIGNANCY AT ENDOSCOPY 





No. of 
Cases 76 
Malignant tissue present on both 32 49 
histological and cytological examination 
Malignant tissue present on histological 17 26 
examination alone 
Malignant tissue present on cytological 11 17 
examination alone 
Diagnosis on endoscopic appearance alone 3 8 
Total 65 100 





Table VI: NATURAL HISTORY OF MALIGNANT 
STRICTURES IN THIS STUDY 


No. of 

Mean Maximum deaths 

No.of survival survival within 

Treatment patients (mth) (mth) 28 d 
Gastro-oesophageal 12 11:75 34 4 

resection 

Radiotherapy 18 9-7 22 0 
Palliation 28 35 12 7 
All treatments 58 6-9 34 11 
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a mean survival of 9-7 months, and 28 patients 
received palliative treatment, with a mean survival of 
3-5 months; 24 of these 28 were treated with Celestin- 
type tube insertion via gastrotomy with 5 deaths in 
the postoperative period. 


Case reports 


False positive diagnoses 

Case 1: An 80-year-old female developed a recurrent oeso- 
phageal stricture after a hiatus hernia repair. At endoscopic 
examination 12 months after surgery, tissue specimens taken 
were reported as showing malignant tissue on both histological 
and cytological examination. She subsequently died at home 
17 months after endoscopic examination. Thus, in the terms of 
this study, the stricture was assumed to have been benign. 


Case 2: A 68-year-old female presented with a sliding hiatus 
hernia and free gastro-oesophageal reflux. Endoscopic examina- 
tion showed severe oesophagitis and early stricture formation. 
Tissue specimens taken at two separate endoscopic examina- 
tions were reported as showing malignant tissue on histological 
examination. The cytological reports on these specimens were 
of inflammatory reactive changes only. She has remained well 
for 12 months following endoscopic examination and is there- 
fore assumed to have a benign stricture. 


Case 3: A 73-year-old male presented with a sliding hiatus 
hernia and free gastro-oesophageal reflux. Endoscopic examina- 
tion showed severe oesophagitis with ulceration and benign 
stricture formation above the hiatus hernia. Tissue specimens 
taken were reported as showing malignant tissue on histological 
examination, but not on cytological examination. At a sub- 
sequent operation to repair his hiatus hernia no evidence of 
malignancy was found and he has remained well for 18 months. 


False negative diagnoses 

Case 4: A 74-year-old female presented with a smooth, filling 
defect in her lower oesophagus. At endoscopic examination the 
mucosa over the lesion was intact and hence no tissue 
specimens were taken. At thoracotomy an apparently benign 
tumour was locally removed. After consultation with the path- 
ologist it was decided that this was in fact a low grade malignant 
tumour. A repeat endoscopic examination a few months later 
produced tissue specimens which were reported as containing 
malignant tissue on both histological and cytological examina- 
tion. This was confirmed at a subsequent laparotomy when a 
large carcinoma of the cardia of the stomach was found. 


Case 5: A 77-year-old female presented with a very large 
combined rolling and sliding hiatus hernia. Endoscopic 
examination revealed a stricture of the lower oesophagus, but 
tissue specimens taken did not show malignant tissue on 
histological or cytological examination. At a subsequent 
laparotomy she was found to have a carcinoma within the 
fundus of the rolling component of her hiatus hernia. 


Case 6: A 39-year-old male presented with a tight mid- 
oesophageal stricture. The tissue specimens obtained showed 
no malignant tissue on cytological examination, but were 
inadequate for histological examination. A subsequent 
oesophagectomy confirmed the presence of extensive undiffer- 
entiated squamous cell carcinoma of the oesophagus. 


Case 7: A 47-year-old male first presented with a mid-oeso- 
phageal stricture. Tissue specimens taken at endoscopic 
examination showed the presence of malignant tissue on 
cytological, but not histological examination. He then received 
a full course of radiotherapy and following this he was 
re-examined endoscopically. On this occasion, although there 
was persistent stricturing, no malignant tissue was found on 
histological or cytological examination of tissue specimens. He 
then underwent laparotomy and Celestin tube insertion. At 
operation no intra-abdominal malignancy was found but 
unfortunately he died in the postoperative period. 


Case 8: A 62-year-old female first presented with a high lesser 
curve gastric carcinoma. This was treated with a palliative 
proximal gastrectomy. Her symptoms recurred after some 12 
months and endoscopic examination showed stricturing at the 
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anastomotic site. Specimens taken contained no malignant 
tissue on histological examination, but cytological examination 
was not carried out. She has since died from widespread 
recurrent malignancy. 


Case 9: A 64-year-old female presented with complete oeso- 
phageal obstruction due to the upward extension of a carcinoma 
of the fundus of the stomach. This was treated by a proximal 
subtotal gastrectomy. Endoscopic examination was repeated 6 
-months after resection. Tissue specimens taken did not 
contain malignant tissue on histological or cvtological examina- 
tion. She has since died of widespread malignant disease. 


Case 10: A 61-vear-old male first presented with massive 
haemorrhage from a high gastric carcinoma. This necessitated 
an emergency total gastrectomy. He developed recurrent 
symptoms almost 3 years later. No abnormal tissue was seen 
at endoscopic examination and the tissue specimens taken did 
not contain malignant tissue on histological examination. 
Cytological examination of these specimens was not performed. 
He died of widespread malignant disease soon afterwards. 


Uncertain diagnoses 

Case 11: A Sli-vear-old male presented with a very tight, 
irregular stricture of the lower third of the oesophagus. 
Endoscopic examination produced tissue specimens which 
showed severe inflammatory changes on both histological and 
cytological examination. The pathologist considered that the 
inflammatory changes were so severe as to suggest adjacent 
malignancy. Exploratory thoracotomy and total oesophagec- 
tomy were carried out. He developed a severe postoperative 
chest infection and died. The resected specimen showed only 
gross oesophagitis with no evidence of malignancy. 

Case 12: A 71-year-old male presented with complete oeso- 
phageal obstruction. Endoscopic examination was unsuccessful 
due to retained food debris and no tissue specimens were taken. 
He was found to have a mixed squamous cell adenocarcinoma 
at subsequent resection. 


Case 13: A 71-year-old male presented with a stricture at the 
lower end of the oesophagus. This appeared to be malignant on 
both radiological and endoscopic appearances. However, no 
malignant tissue was found on histological examination of 
tissue specimens from the stricture. No specimens were taken 
for cytological examination. In view of the absence of histo- 
logical confirmation of malignancy, the diagnosis in this case 
was considered to be uncertain. At a subsequent laparotomy, 
malignant tissue was found involving the lower oesophagus. 
Case 14: A 64-year-old female presented with complete 
oesophageal obstruction. The endoscopic appearance was of 
obstruction due to the upward projection of a gastric mass. No 
malignant tissue was found on histological or cytological 
examination of the tissue specimens taken. A subsequent 
laparotomy confirmed the presence of a carcinoma of the 
fundus of the stomach. 


Discussion 

In several small series of oesophageal carcinomas 
remarkable accuracy of diagnosis has been achieved 
by using a combination of brush cytology and 
endoscopic target biopsy (Bedine and Cocco, 1972— 
correct endoscopic diagnosis in 100 per cent of 23 
cancers; Winawer et al, 1975—100 per cent of 
30 cancers; Hishon et al., 1976— 95 per cent of 20 
cancers). In this study the accuracy of endoscopic 
diagnosis was 87 per cent in 75 examinations involving 
malignant strictures. 

The lower overall accuracy of diagnosis and the 
higher percentage of uncertain and incorrect diagnoses 
in this study may be due to a number of factors. These 
results represent the consecutive experience of 
examinations on 115 patients carried out in the 
endoscopy department of a district general hospital 
over 34 years. No attempt was made to exclude cases 
in which tissue specimens were not taken or were 


unsatisfactory for technical reasons. No distinction 
was made between cases of squamous cell carcinoma 
of the oesophagus and cases of adenocarcinoma of the 
cardia presenting with dysphagia. This latter group 
may present technical problems in obtaining adequate 
tissue specimens. 

A review of the case reports shows that most of the 
incorrect and uncertain diagnoses fall into two main 
groups. The first group consists of endoscopic 
examinations carried out after either resection or 
radiotherapy for a gastro-oesophageal cancer. Four 
of the 7 false negative examinations were in this 
category, and it appears that recurrent or persistent 
tumour may not have been accessible to tissue 
sampling. If these 4 cases are excluded, the accuracy 
of endoscopic diagnosis increases to 92 per cent. The 
second group consists of lesions from which it is 
technically difficult to obtain adequate tissue 
specimens. Examples include two cases of complete 
oesophageal obstruction, a case of a submucosal 
tumour and a case of a tumour situated within the 
fundus of a rolling hiatus hernia. These two groups 
include 8 of the 10 patients with malignant strictures 
misdiagnosed in this study. 

The group of 3 false positive diagnoses presents a 
special problem. False positive cytological reports 
have been recognized, with rates of up to 5 per cent 
quoted. Boddington (1974) has stressed the difficulty 
in differentiating severe inflammatory reactive changes 
from malignant features, and he presented evidence 
that greater accuracy came with increasing experience. 
However, Maimon et al. (1974) have reported 5 cases 
of apparent false positive cytological specimens 
obtained from oesophageal strictures thought to be 
benign. All 5 patients subsequently returned with 
extensive gastro-oesophageal malignancy. Winawer 
et al. (1976) added another instance of apparent 
false positive cytological specimens in which micro- 
scopic carcinoma was found on resection. This 
suggests that these apparent false positive diagnoses 
may, in some cases, be proved correct with a longer 
follow-up period. 

The results in this study indicate that endoscopic 
examination should include tissue sampling wherever 
possible. This not only allows a positive tissue 
diagnosis to be made but also increases the accuracy 
of diagnosis. Tables I-II show that in all cases the 
endoscopic diagnosis was more accurate than any of 
its component parts. An analysis of the cases of 
correctly diagnosed malignant strictures (Table V) 
shows that target biopsy and brush cytology each 
make a significant contribution to the endoscopic 
diagnosis. In 60 examinations a correct tissue diagnosis 
was made; in 11 cases (17 per cent) this tissue diagnosis 
was based on cytological evidence alone. This 
emphasizes the importance of obtaining cytological 
specimens from oesophageal strictures in addition to 
the more commonly obtained histological specimens. 
Cytological tissue specimens can be readily obtained 
using the cytology brush. These specimens can be 
collected from the lumen as well as the face of a tight 
oesophageal stricture and represent field rather than 
focal sampling. This technique adds only a few 
minutes to the total time for endoscopic examination. 
The assessment of the cytological material does not 
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require additional specially trained staff. In this 
district general hospital the assessment is carried out 
by the technicians providing the routine cervical 
cytological screening service. After some initial 
training they rapidly become proficient and find the 
much higher yield from gastrointestinal cytology a 
rewarding addition to their routine screening work. 

In this study the barium meal report was found to 
be of limited value in diagnosis, in contradistinction 
to Hishon et al. (1976). The report was accurate in 
only 59 per cent of 65 malignant strictures, with a 26 
per cent false negative error rate. There was only a 
single instance of the barium meal report correctly 
predicting a malignancy which might otherwise not 
have been diagnosed. 

Finally, a review of the natural history of proved 
gastro-oesophageal malignancies in this study was 
undertaken (Table VI). The overall mean survival in 
58 patients in whom adequate follow-up was available 
was only 6:9 months. This supports the assumption 
that a stricture is likely to be benign if 12 months have 
elapsed without signs of malignancy. 
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Tuberculous fistula between the 5th lumbar vertebra 
and the colon presenting as a left thigh abscess 


A. D. JOHNSON AND W. J. McINTOSH#* 


SUMMARY 

An abscess of the left thigh due to a fistula between a 
tuberculous 5th lumbar vertebra, the sigmoid colon and 
the muscles and subcutaneous tissues of the left thigh is 
described. This appears to be a unique occurrence and 
was only diagnosed at post-mortem. The treatment and 
diagnosis are discussed. 


A SPONTANEOUS fistula between the colon and the 
thigh is a rare event, and a tuberculous origin for this 
presentation has not been reported before. 


Case report 

A 72-year-old woman presented as an emergency on 30 April 
1974 with a 4-week history of pain in her left thigh. During the 
week before admission she had felt hot and sweaty. 

Since 1970 she had complained intermittently of low back 
pain and had been seen by an orthopaedic surgeon in 1973, 
when radiographs had shown degenerative changes in the Sth 
lumbar vertebra with spondylolysis. 

On the day of admission she was toxic, had a temperature of 
38-6 "C and appeared to have lost weight recently. Her left 
thigh was swollen and painful on its anterior aspect but not red. 
Crepitus was present along the anterior aspect of the thigh 
from the inguinal ligament to the knee joint. She gave no 
history of recent injury to the thigh and had not had any 
injections into her thigh. 

Haemoglobin was 8-6 g/dl and white blood cell count 
28 x 10°/1. A radiograph of the thigh (Fig. 1) showed gas in the 
subcutaneous tissues while a radiograph of the chest showed 
no abnormality. Pus was aspirated from the thigh on the night 
of admission and Gram stain showed Gram-negative rods and 
Gram-positive cocci but no organisms resembling clostridia. 
These organisms were thought to have arisen from the bowel 
and, because of her toxaemia, she was treated with gentamicin, 
clindamycin and penicillin before sensitivities were available. 
The aspirated pus grew Escherichia coli, Streptococcus faecalis 
and bacteroides on culture. 

The abscess was incised on 3 May 1974 and a large amount 
of foul-smelling pus was drained. The drain sites continued to 
discharge large amounts of pus long after removal of the drains 
and the patient's general condition, after an initial improve- 
ment, began to deteriorate. Because of the nature of the 
organisms and the persisting fistula, the possibility of a 
communication between the large bowel and the abscess site 
was raised. A barium enema examination carried out on 26 
July (Fig. 2) showed a fistula between the distal sigmoid colon 
and the thigh, apparently passing through the greater sciatic 
notch. On 5 August a laparotomy was carried out. This 
revealed no intraperitoneal lesion and the bowel appeared 
normal. A defunctioning sigmoid colostomy was fashioned, 
the proximal end of the sigmoid colon being brought out in 
the left iliac fossa and the distal end being taken to the lower 
end of the wound. 

Despite these measures her condition continued to deteri- 
orate and the abscesses continued to discharge. A further 
barium enema (Fig. 3) on 9 October showed that the portion of 
the sigmoid from which the fistula arose was defunctioned. 
Her condition continued to deteriorate and she died on 12 
October. 


Post-mortem report 

The colon was adherent to the body of the 5th lumbar 
vertebra, and when vertebra and colon were separated a 
smooth-walled fistula joining the bowel lumen to the caseating 
body of the vertebra was found. From this fistula rose a further 





track which led down retroperitoneally via the left obturator 
foramen. The rest of the abdominal cavity and gastrointestinal 
tract appeared normal. 

The thigh muscles on the left were necrotic and the overlying 
skin ulcerated in three places (the sites of previous incisions to 
drain the thigh abscess). These lesions had the characteristic 
undermined edges of tuberculous ulcers. 

Each pleural cavity contained 100 ml of yellow fluid. In the 
apex of the right lung was an area of caseation, and throughout 
both lungs were numerous tiny fibrin nodules. 

Histological examination of the Sth lumbar vertebral body, 
edges of the ulcers on the thigh, liver and the lesions in the 
lungs revealed giant cells and acid-fast bacilli. 


Fig. 1. Radiograph of the thigh on admission showing 
subcutaneous gas. 


Discussion 

A spontaneous fistula between the colon and the thigh 
is a rare event, only 31 cases being cited in a recent 
review of the world literature by Mair et al. (1977). 
None of the cases quoted arose from a tuberculous 
fistula between a vertebral body, the bowel lumen and 
the thigh. 

In the case reported here, the fistula communicated 
between a tuberculous 5th lumbar vertebra, the 
sigmoid colon and the thigh so that defunctioning of 
the sigmoid colon was of no value since the fistula 
continued to communicate with the diseased 5th 
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Fig. 2. Barium enema on 26 July showing a fistula from the 
colon to the thigh 


lumbar vertebra. On reviewing the barium radio- 
graphs after the post-mortem, the 5th lumbar vertebra 
appears normal and, despite frank pulmonary tuber- 
culosis found on post-mortem examination, no 
evidence of this condition was present on the chest 
radiographs, which have also been reviewed after the 
post-mortem. A Mantoux test was negative. The 
ulcers present on the leg at the site of the incision 
and drainage were tuberculous ulcers and biopsy of 
their edges would have given a diagnosis. 

The case presented is, to the best of our knowledge, 
unique and is a reminder that tuberculosis is a disease 
which may go unrecognized. 


Fig. 3. Barium enema examination on 9 October showing a 
fistula from the distal colonic limb of the defunctioning 
colostomy. 
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Cell viability studies on the 


exfoliated colonic cancer cell 
I. L. ROSENBERG, CAROL W. RUSSELL AND G. R. GILES* 


SUMMARY 

Suspensions of desquamated colonic cancer cells were 
obtained from patients with cancer of the large bowel by 
colonic exfoliative cytology and from resected specimens 
of colonic cancer by an ex vivo exfoliation technique. 
In addition, a tumour suspension was obtained from the 
resected specimens. Cell viability studies were performed 
on these cell suspensions. Whereas 23 of the 25 tumour 
homogenate cell suspensions were shown to exclude 
trypan blue, none of the exfoliated colonie cancer cell 
suspensions had viable cells. This finding would cast 
some doubt on the hypothesis that suture line recurrence 
following large bowel cancer surgery is due to the 
implantation of cells desquamated from the surface of 
the growth. 


RECURRENT cancer at the suture line may occur in up 
to 10 per cent of patients during the first 2 years 
following resection and anastomosis for carcinoma of 
the distal large bowel (Cole, 1951; Goligher et al., 
1951; Keynes, 1961; Speck et al., 1970; Labow et al., 
1975). This recurrence, therefore, presents a signifi- 
cant clinical problem. Sometimes the cause of 
anastomotic recurrence is obvious in that there is a 
massive pelvic recurrence that has grown into the 
bowel lumen, but occasionally it may be more 
difficult to explain (Goligher et al., 1951). 

It has been postulated that colonic cancer cells, 
desquamated from the tumour and lying free in the 
lumen of the bowel, are implanted into the bowel wall 
by the suture needle (Gordon-Watson, 1938; Cole, 
1951; Goligher et al, 1951). This hypothesis has 
gained widespread acceptance. However, the support- 
ing evidence, though persuasive, is predominantly 
circumstantial. In particular, there have been no 
experimental studies investigating the viability of 
desquamated colonic cancer cells. This study is an 
attempt to obtain such evidence. 


Materials and methods 


Preparation of tumour homogenate suspension 

The resected specimens from patients having undergone 
surgery for large bowel cancer were used for the preparation 
of both tumour homogenate and exfoliated cell suspensions. 
After the ex vivo exfoliation a further suspension was made by 
homogenizing tissue from the middle of the tumour. Pieces of 
tumour were finely minced in Hank’s balanced salt solution 
containing gentamicin and erythromycin in strengths of 160 
and 50 ug/ml respectively. The minced mixture was washed 
with Hank's balanced salt solution. The supernatant was 
discarded and the washings were repeated until the supernatant 
was clear. Trypsin 0-25 per cent in phosphate-buffered saline 
was added to the clean mince in a ratio of 10 : 1 volumes and 
the mixture was incubated on a magnetic stirrer for 20 min at 
37 "C. The supernatant was removed and discarded. More 
trypsin was added and the incubation was repeated for a 
further 20 min at 37 °C, following which the supernatant was 
removed and stored at 4 ^C. This incubation was repeated to 
give some more supernatant which was also stored. The 
pooled supernatants (containing the cells) were centrifuged at 
600 rev/min (100 g) at 4 ^C in sterile universal containers for 
5 min. The cellular deposit was resuspended in Hank’s 
balanced salt solution to which had been added 20 per cent 


horse serum to inactivate residual trvpsin. The centrifugation 
was repeated and the cells resuspended in TC 199 (Flow 
Laboratories) with 20 per cent fetal calf serum for use. 


Preparation of exfoliated colonic cancer cell suspension 

Colonic exfoliative cytology: The technique of colonic ex- 
foliative cytology used has been fully described elsewhere 
(Rosenberg and Giles, 1977). Essentially the method consists 
of bowel cleansing on the Henderson colonic lavage machine 
following an initial enema of Veripaque. The cell collection 
was performed by two successive lavages of 500 ml of 
Hartmann's solution. Using this technique, a suspension of 
exfoliated colonic cells could be obtained from a patient with 
cancer of the colon and the presence of malignant cells con- 
firmed by microscopy of a smear of the suspension. 

Ex vivo exfoliation: The resected segment of bowel was 
immediately opened and the lumen gently cleansed with 
Hartmann’s solution to remove residual faeces. The intra- 
luminal tumour was immersed in a beaker containing tissue 
culture medium (TC 199). Cells were desquamated from the 
surface of the tumour by squeezing the growth externally in an 
attempt to simulate operative conditions. The presence of 
malignant cells was confirmed by the microscopy of a smear of 
a cell suspension. 


Tests of cell viability 

Trypan blue exclusion: The cell suspension under test was 
diluted if necessary to 1-2 x 105 cells/ml; 500 ul of this diluted 
cell suspension was placed in a 12: 75 mm tube and 200 ul of 
0-4 per cent trypan blue was added and thoroughly mixed. The 
suspension was allowed to stand for 15 min and then put into 
an improved Neubaer haemocytometer. For each test five 
l-mm squares were counted. The results obtained were 
expressed as the percentage of cells excluding the trypan blue 
per total number of cells counted. If no cells were seen to 
exclude the dye, the whole smear was carefully examined 
before concluding the total non-viability of that particular 
suspension. 

Demonstration of non-specific esterase activity: The technique 
used for the non-specific esterase reaction was the Pearce 
modification of the naphthol-AS technique as described by 
Wachstein and Wolf (1958). A smear of the cell-suspension 
being tested was fixed on a glass slide with concentrated 
formaldehyde vapour for 15 min in a covered Coplin jar. It was 
essential to prepare fresh substrate on each occasion: it 
consisted of 40 ml 1 per cent propylene glycol in 0-2 M phos- 
phate buffer at pH 6:9, 400 ul 1 per cent naphthol-AS acetate 
in acetone and 80 mg fast blue BB salt. After fixation the 
smear was washed in distilled water and then immersed in the 
freshly prepared substrate at room temperature for 90 min. 
The slide was then rewashed in distilled water, following which 
it was counterstained for 10 min in 0-1 per cent nuclear fast red 
in a 5 per cent solution of aluminium sulphate. 

Using this method, the non-specific esterase reaction was 
shown by blue granules in the cytoplasm of the cell. Colonic 
cancer cells demonstrating the esterase reaction were readilv 
discernible on examination of the smears on a standard 
microscope at a magnification of 400. For each slide obtained 
300 cells were counted and the resultexpressed as the percentage 
of cells showing the esterase reaction per total number of cells 
counted. 

Tritiated thymidine uptake: The technique used in this study for 
thymidine uptake and autoradiography was a modification of 
that described by Deschner et al. (1973). 
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One ml of cellular deposit was resuspended in 6 ml of tissue 
culture medium in a 15-ml centrifuge tube and 10 u Ci in 100 ul 
tritiated thymidine (specific activity 5 Ci/mM) was added. The 
mixture was incubated in the capped tube at 37°C with 
constant agitation for 4 h. Following incubation the tube was 
centrifuged at 1500 rev/min (300 g) for 10 min and the super- 
natant was discarded. Smears were made on glass slides from 
the deposit, fixed by immersion in 95 per cent alcohol and then 
stored under refrigeration at 4 ^C in Coplin jars containing 
95 per cent aicohol until a sufficient number (usually about 
20) had been accumulated for autoradiography to be performed 
by standard technique. 

Colonic cancer cells demonstrating uptake of tritiated 

thymidine were readily discerned on examination of the smears 
on a standard microscope at a magnification of 400 (Fig. 1). 
For each slide obtained 500 cells were counted on a laboratory 
counter and the results were expressed as the percentage of 
cells demonstrating incorporation of the radioactive label per 
total number of cells counted. An autoradiograph was only 
considered negative after the whole smear had been examined 
and found to show no labelled cells. 
Tissue culture: The following technique was used for the 
culture of a cell suspension. The medium was made up of 
435 ml sterile water, 50 ml ten times strength TC 199 (Flow 
Laboratories), 8 ml Hepes buffer (4-2-Hydroxyethyl-1-piper- 
azine ethone sulphonic acid), 6:7 ml 7:5 per cent sodium 
bicarbonate, 2 ml (80 mg) gentamicin (medium concentration 
50 ug/ml). The medium was adjusted to a pH of 7:2 by the 
addition of normal sodium hydroxide solution and fetal calf 
serum (Flow Laboratories) was added to a final volume of 
20 per cent. Cells were counted and their viability assessed by 
trypan blue. The final suspension was adjusted to a cell count 
of 10* cells/ml. Disposable *Nunc' tissue culture flasks (total 
capacity 40 ml), presterilized by gamma irradiation, containing 
5 ml of the cell suspension were incubated at 37 °C in air plus 
5 per cent carbon dioxide. The medium was changed every 
2-3 days as necessary, adjudged by the pH of the medium. 
Growth and proliferation were checked daily using an inverted 
microscope. 


Patients and surgical specimens studied 

Ten patients with cancer of the colon underwent diagnostic 
lavage. The exfoliated cell suspensions from these patients were 
assessed for viability of the cancer cells. In 2 patients the 
carcinoma was in the rectum, in 4 patients it was in the recto- 
sigmoid, in 3 in the sigmoid colon and in | in the ascending 
colon. 

Twenty-seven resected specimens of carcinomatous colon 
were used for ex vivo exfoliation studies. The site of the tumour 
was the caecum in 1 patient, the ascending colon in 3 patients, 
the transverse colon in 2 patients, the sigmoid colon in 10 
patients, the rectosigmoid junction in 1 patient and the rectum 
in 10 patients. In all 27 specimens, microscopy of the tumour 
revealed adenocarcinoma. 

* Twenty-five of these 27 specimens were used to prepare 
tumour homogenate cell suspensions. 


Results 


Tumour homogenate suspensions (Table I) 

Trypan blue exclusion: All 25 cell suspensions were 
tested for trypan blue exclusion. Twenty-three of the 
25 suspensions showed cells that excluded the dye, the 
number of cells excluding the dye ranging from 5 to 
95 per cent of the total. In the other two cell suspen- 
sions there was no trypan blue exclusion. 
Non-specific esterase activity: Esterase activity was 
searched for in 10 cell suspensions. Six cell suspensions 
showed signs of enzyme activity varying from 5 to 40 
per cent of the cells. 

Thymidine uptake: Twelve cell suspensions were 
subjected to this test. Eight of them showed from 2 to 
5 per cent of the cells to be labelled by the tritiated 
thymidine and all had excluded trypan blue. However, 
2 of the 4 negative thymidine uptake tests also 
excluded trypan blue, 
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E RES * 
Fig. 1. Autoradiography of a group of cells in one of the 


tumour homogenate suspensions showing several of the cells 
to be labelled. ( x 230.) 





Fig. 2. Tissue culture of one of the tumour homogenates. 
( x 200.) 


Table I: TUMOUR HOMOGENATE 
Total 25 


Trypan blue exclusion 23/25 
Esterase activity 6/10 
Thymidine uptake 8/12 
Tissue culture 7/16 
Table II: EXFOLIATED CELLS 
Colonic exfoliative Ex vivo 

cytology exfoliation 
Total 10 27 
Trypan blue exclusion 0/10 0/27 
Esterase activity 0/10 0/11 
Thymidine uptake 0/10 0/27 
Tissue culture 0/4 0/16 


Tissue culture: Sixteen of the cell suspensions were set 
up in tissue culture; 7 were cultured successfully in the 
short term. Fig. 2 shows a photomicrograph of one of 
the successful cultures. 


Exfoliated colonic cancer cell suspensions (Table II) 
All 37 cell suspensions (10 by in vivo and 27 by ex vivo 
techniques) were shown by microscopy of a smear of 
the suspension stained by the Papanicolaou technique 
to contain malignant colonic cancer cells. 

The results of the viability tests on both the 
exfoliated cell suspensions from the colonic exfoliative 
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cytology and the ex vivo exfoliation are shown in 
Table If. All the tests of cell viability attempted on all 
the exfoliated colonic cancer cell suspensions were 
unable to demonstrate any evidence of the cells being 
alive. In particular all the cell suspensions were tested 
by trypan blue and no cell in any suspension was seen 
to exclude this supravital stain. As will be discussed, 
this is a strong indication of cell death. 


Discussion 

Surprisingly, it is technically easier to show that a 
cell is dead than to show that it is alive and capable of 
producing secondary tumour growth. Trypan blue is 
a widespread and accepted supravital dye; a viable 
cell will exclude the dye, but if the dye enters the cell 
it is unquestionably dead (Hoskins et al., 1956; King 
et al., 1959; Hofer et al., 1974; Cooper et al., 1975). 
Cells which may have recently died continue to 
exclude the stain whilst the cytoplasmic membrane 
remains intact (Hoskins et al., 1956). The validity of 
this test is reflected in the results obtained in 25 tumour 
homogenates from recently resected surgical speci- 
mens where 23 of the tests had cells which excluded 
the stain. From the same specimens, cells that had 
been washed from the surfaces of the tumours did not 
produce any positive tests. Likewise, none of the 
colonic washings from 10 patients with cancer of the 
colon contained exfoliated cells which excluded trypan 
blue. Using this test alone, one must conclude that 
exfoliated cells from cancer of the colon are non- 
viable. 

Though the demonstration of intracellular enzyme 
activity indicates a continuation of cell metabolism, it 
does not necessarily prove that the cell is viable. How- 
ever, a failure to show the presence of very basic 
enzymes, such as non-specific esterase, is strongly 
suggestive that cell metabolism has completely ceased 
(Straus et al., 1948; Cooper et al., 1975). Of 10 tumour 
homogenates only 6 showed non-specific esterase 
activity (2 of the 4 which did not were non-viable with 
trypan blue exclusion), which suggests that the value 
of this test is limited. Nevertheless, in the studies of 
exfoliated cells, none of 21 tests revealed cells with 
enzyme activity. 

Clearly, the most convincing test of an exfoliated 
cell’s viability would be to demonstrate that it had the 
capability to implant and produce recurrent growth. 
Such an experiment is not feasible in man and a study 
of the growth potential of exfoliated cells must 
largely be carried out in vitro. DNA synthesis as 
judged by thymidine incorporation has been demon- 
strated in free cancer cells released from bladder 
tumours (Connolly et al, 1964), uterine cervical 
cancer (Child et al., 1972) and from benign polyps 
(Deschner et al, 1973). Exfoliated colonic tumour 
cells have not been reported as showing tritiated 
thymidine incorporation. Eight of 12 tumour homo- 
genates had this ability compared with none of the 37 
exfoliated cell suspensions. 

If an isolated cell is capable of growth in in vitro 
culture, it may well be able to establish itself as a 
metastasis at a suitable site. Nearly half of the tumour 
homogenate suspensions established satisfactorily in 
culture whereas none of the cultures of exfoliated cells 
was successful. While this is again suggestive of the 
non-viability of the exfoliated cell, it must be admitted 
that cell culture with specimens heavily contaminated 
with intestinal microflora has technical difficulties 


peculiar to the gastrointestinal tract and prevents too 
firm a conclusion from this evidence alone. 

Cancer of the colon releases large numbers of cells 
into the lumen of the colon and it has always seemed 
reasonable to assume that these cells were capable of 
implantation. Many surgeons have modified their 
technique so as to introduce cytotoxic agents into the 
bowel lumen in order to neutralize the exfoliated cells 
lying at some distance from the main tumour. There 
are claims of the beneficial effects of such actions 
(Morgan, 1955; Keynes, 1961; Southwick et al., 1962). 
This study has looked at the viability of the exfoliated 
cell obtained by colonic washing or manipulation of 
the specimens. In no instance was it possible to show 
viable exfoliated cells. The hypothesis that suture line 
recurrence is due to implantation of exfoliated cells 
into the anastomosis does not appear to be sub- 
stantiated. 
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Cyclic AMP, adrenaline and noradrenaline in 


plasma during surgery 
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SUMMARY 

Plasma concentrations of cyclic AMP, adrenaline and 
noradrenaline were measured in 6 patients undergoing 
hysterectomy from before induction of anaesthesia to 
6h after skin incision. Noradrenaline did not vary 
significantly during the observation period, whereas 
cyclic AMP and adrenaline increased after skin incision. 
A significant correlation was found between plasma 
concentrations of cyclic AMP and adrenaline (r — 0-84, 
P<0-01), suggesting that the latter is responsible for the 
increase in plasma cyclic AMP which is observed in 
relation to surgical procedures. 

Peak concentrations of cyclic AMP and adrenaline 
were seen in the early postoperative phase. This 
indicates that the most pronounced acute endocrine 
stress response to surgery of moderate severity occurs 
after termination of anaesthesia. 


Tur plasma concentration of cyclic AMP—the 
common intracellular ‘second messenger’ for hormones 
with catabolic actions—has been shown to increase in 
proportion to the severity of the acute somatic stress 
in surgery (Nistrup Madsen et al., 1976b), in myo- 
cardial infarction (Strange et al., 1974) and in septic 
shock (Sibbald et al., 1977). However, little is known 
about the hormonal changes underlying these increases 
in plasma cyclic AMP. 

In order to investigate whether catecholamines 
could be responsible for the increase in plasma cyclic 
AMP during surgery, we have measured plasma 
concentrations of cyclic AMP, adrenaline and 
noradrenaline in patients undergoing abdominal 
hysterectomy. 


Patients and methods 

Six patients undergoing hysterectomy for fibromyomas were 
studied. None of the patients suffered from endocrine, hepatic, 
renal or cardiovascular disease, nor had they received any 
medications, including hormonal contraceptives. Informed 
consent was obtained from all subjects. 

The patients were premedicated with pethidine 1-1-5 mg/kg 
body weight and atropine 0-5 mg administered subcutaneously. 
AM the operations commenced between 8.30 and 11.00 a.m. 

Anaesthesia was induced with intravenous thiopentone and 
endotracheal intubation was facilitated by suxamethonium 
dichloride. Anaesthesia was maintained with a 2 : 1 nitrous 
oxide in oxygen mixture plus enflurane (Efrane) 0-5- 1-5 percent. 
Pancuronium bromide or gallamine was given when necessary. 

Each patient also received isotonic saline, 10-15 ml kg"!h"?, 
during the first 2 h and thereafter, 2 ml kg^!h^!. Bleeding was 
replaced by 2-5 ml of isotonic saline per ml blood loss, and if 
this exceeded 300 ml, the patient was excluded from the study. 
Blood or blood substitutes were not given. 

Blood was drawn from a central venous catheter for measure- 
ment of cyclic AMP, adrenaline and noradrenaline 10-15 min 
before induction of anaesthesia, just before skin incision and 
again 30, 60, 120, 180, 240 and 360 min after skin incision. 

Cyclic AMP was measured by a competitive protein-binding 
technique (Nistrup Madsen et al, 1976a) Adrenaline and 
noradrenaline concentrations were measured by an enzymatic, 
double-labelled isotope technique, according to Engelman and 
Portnoy (1970) with minor modifications. The between-assay 


variation of this method is 3-0 per cent for adrenaline and 6-4 
per cent for noradrenaline. Tracer recovery determines true 
recovery in the individual specimen. Values for peripheral 
venous plasma adrenaline in normal human volunteers after 


p 


mean--s.e. mean) and for noradrenaline 0:35. 0-02 ng/ml 
(n 15, mean s.e. mean). 

Statistical analysis was performed using Friedman’s test for 
paired data. P<0-05 was considered significant. 


Results 

Mean age ( t: s.e. mean) was 37:2 (+ 1-0) years. Mean 
duration of anaesthesia and surgery were 149-2 (+ 8-7) 
min and 108-3 (+ 10-9) min, respectively. 

Fig. 1 depicts the mean changes in cyclic AMP, 
adrenaline and noradrenaline during the operations. 

Cyclic AMP in plasma increased significantly 
(P«0-01) from 19-3( € L2) pmol/ml to a peak mean 
level of 31-8 (+ 1:7) pmol/ml. Adrenaline increased 
significantly (P «0-01) from 0-19 ( 0-02) ng/ml to a 
maximum of 0:44 ( € 0-05) ng/ml. Concentrations of 
noradrenaline did not vary significantly. 

A positive correlation was found between the 
plasma concentrations of adrenaline and cyclic AMP 
(r = 0-84, P 0-01) (Fig. 2). The correlation between 
plasma noradrenaline and cyclic AMP was not 
significant (r = 0-31, P>0-05). 


Discussion 

It has previously been shown that the increase in 
plasma cyclic AMP during surgery is related to the 
severity of the operative trauma (Nistrup Madsen et 
al., 1976b), and that in patients undergoing hyster- 
ectomy this increase can be prevented by epidural 
analgesia extending from T4 to S5 (Nistrup Madsen 
et al., 1977). The latter observation suggested that 
catecholamines mediate the increase in the plasma 
concentration of cyclic AMP during surgery, and 
though many hormones use cyclic AMP as their 
intracellular ‘second messenger’, in target organs only 
beta-adrenergic stimulation has been demonstrated 
to increase peripheral venous plasma cyclic AMP 
under physiological conditions (Hamet et al., 1975; 
Brodows et al., 1976). 

Intravenous injection of supraphysiological amounts 
of hormones other than catecholamines can increase 
peripheral venous plasma cyclic AMP, but as 
previously discussed in detail (Nistrup Madsen et al., 
1977), physiological concentrations of hormones such 
as glucagon, ACTH and cortisol do not appear to 
cause acute increments in the peripheral venous con- 
centration of cyclic AMP. 
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Fig. 1. Mean plasma concentrations of cyclic AMP 
(4 ——— 9». adrenaline (X - - - x ) and noradrenaline 
(O ©) in 6 patients before, during and after 
hysterectomy. Bars indicate s.e. mean. 
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Fig. 2. Correlation between mean plasma concentrations of 

adrenaline and cyclic AMP in 6 patients undergoing 

hysterectomy. Each point represents the mean of 6 

simultaneous determinations of adrenaline and cyclic AMP. 

The equation for the line is: 

cyclic AMP = 9-91 -- 48-82 x adrenaline. 

roc 0-84, P<0-01. Numbers 1-8 refer to samples taken — 15, 

0, 30, 60, 120, 180, 240 and 360 min after skin incision. 


Changes in serum insulin during surgery cannot 
account for the variations in plasma cyclic AMP, 
since beta-adrenergic blockade and sympathectomy 
abolish the rise in plasma cyclic AMP during insulin- 
induced hypoglycaemia (Hamet et al., 1975; Brodows 
et al., 1976). These observations further support the 
view that glucagon, ACTH and cortisol, which all 
increase during hypoglycaemia, do not influence con- 
centrations of cyclic AMP in peripheral venous plasma. 

Though parathyroid hormone and serum calcium 
are important regulators of the urinary excretion of 


CYCLIC AMP cyclic AMP, they are apparently without importance 


for peripheral venous plasma cyclic AMP, since normal 
concentrations have been observed in both hypopara- 
thyroidism (Tomlinson et al., 1976) and hyperpara- 
thyroidism (Drezner et al., 1976). 

A local release of substances which influence cyclic 
AMP from tissue injured by surgery can be ruled out, 
since epidural analgesia can prevent the increase 
in cyclic AMP during surgery (Nistrup Madsen et 
al, 1977) and the anaesthetic agent used in the 
present study has previously been shown not to 
influence plasma cyclic AMP (Nistrup Madsen et al., 
1976b). 

The close correlation between variations of 
adrenaline and cyclic AMP found in the present 
investigation suggests that this hormone is responsible 
for the variations in plasma cyclic AMP during 
uncomplicated surgery, whereas variations in nor- 
adrenaline are small and apparently do not influence 
plasma cyclic AMP levels significantly. 

These results are consistent with those of Ball et al. 
(1972), who showed that intravenous infusion of 
noradrenaline causes much smaller changes in plasma 
cyclic AMP than adrenaline in similar concentrations, 
and that pure beta-adrenergic stimulation increases 
plasma cyclic AMP, whereas pure alpha-adrenergic 
stimulation increases plasma cyclic GMP. 

Strange et al. (1974) found a correlation between 
plasma cyclic AMP and total catecholamine concentra- 
tions in myocardial infarction, but they did not 
measure adrenaline and noradrenaline separately. 
A close correlation between plasma concentrations of 
catecholamines and cyclic AMP has also been found 
in dogs during acute hypoxia (Engquist et al., 1978). 
These observations, coupled with the results of the 
present investigation, suggest that a common factor 
for rises in plasma cyclic AMP during acute somatic 
stress is beta-adrenergic stimulation. 

The origin of plasma cyclic AMP after beta- 
adrenergic stimulation is unknown. Strange and Mjós 
(1975) and Strange et al. (1976) have shown that 
adipose tissue does not contribute significantly in 
either man or the rat and that the liver is not a major 
source in the rat. During open heart surgery in man 
the onset of extracorporeal circulation and the 
re-establishment of normal circulation do not influence 
plasma cyclic AMP levels significantly (Brandt et al., 
1977), indicating that the heart and lungs are not the 
major sources of cyclic AMP during surgery. Muscles 
can release cyclic AMP in response to catecholamine 
stimulation (Edén et al, 1976), and they constitute 
such a large part of the total body weight that it is 
reasonable to assume that these tissues contribute to 
the rise in plasma cyclic AMP. However, further 
studies in man are needed to elucidate whether the 
release of cyclic AMP from muscular tissue is largely 
responsible for the increase of cyclic AMP in plasma 
during surgery. 

A remarkable finding in the present investigation 
was that the highest concentrations of cyclic AMP and 
adrenaline were found after termination of anaesthesia 
and surgery. We have previously observed a similar 
pattern in cyclic AMP, glucose and cortisol levels after 
surgery under Efrane anaesthesia (Nistrup Madsen 
et al., 1977; Engquist et al., 1977). These observations 
suggest that the major endocrine stress response in 
uncomplicated surgery of moderate severity occurs in 
the early postoperative phase. 
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The patient's opinion of day care vein surgery 
CHARLES A. C. CLYNE AND C. W. JIAMIESON* 


SUMMARY 

A questionnaire was sent to 181 patients whose varicose 
veins had been operated on as day cases. A good 
response was obtained that showed that day care was 
generally acceptable except in those cases requiring 
multiple incisions or stripping. 


Day care surgery is attractive: an increasing shortage 
of finance and facilities creates sound economic 
reasons for its encouragement, and the reduction in 
morbidity due to early ambulation was recognized 
last century (Reis, 1899). Our Minor Surgery Unit 
was opened in 1969 and our early experience has been 
reported elsewhere (Calnan and Martin, 1971). It is 
completely separate from the main theatres and is 
staffed from 8 a.m. to 5 p.m. 5 days a week by 1 sister, 
2 staff nurses and 1 state enrolled nurse. In 1976, 1236 
procedures drawn from numerous surgical and 
medical specialties were carried out there as day cases. 
We present a critical analysis of day care varicose vein 
surgery carried out during the past 4 years in this unit. 


Patients and methods 

Between January 1973 and December 1976 186 separate 
varicose vein operations were carried out as day cases in 181 
patients. The patients were drawn from the local population 
of West London and had been referred to the Vascular Unit of 
the Department of Surgery. The different operations are de- 
tatled in Table 1; 9 local and 177 general anaesthetics were used. 


Table I: DAY CASE VARICOSE VEIN OPERATIONS 
1973-6 


Short saphenous tie 17 
Long saphenous tie 90 
Bilateral long saphenous tie 47 
Long saphenous tie and avulsions 20 
Long saphenous tie and strip 12 


The majority of patients were seen initially bv a consultant 
surgeon (C. W. J.) and those patients who required uncompli- 
cated vein surgery were considered for day care. Our unit runs 
a sclerotherapy clinic with the aid of a clinical assistant, and in 
many cases surgery was a prelude to compression sclerotherapy. 

Following an examination of the general health of the 
patient, those with cardiorespiratory problems, diabetes etc. 
were excluded from day care. The feasibility and benefits of 
being a ‘day case’, transport to and from hospital, help at 
home and care of children were then discussed with the patient. 
The haemoglobin was estimated and a chest X-ray done. A 
letter was forwarded to the patients general practitioner 
informing him of the proposed plan of treatment and most 
patients were then booked to come in within 6 weeks of their 
initial visit. 

On the day of surgery patients were admitted to the unit, 
examined by the anaesthetist and reassessed by the surgeon. 
No oral premedication was used and elective endotracheal 
intubation was avoided. Local anaesthesia was used almost 
exclusively for short saphenous ligation, but we feel that long 
saphenous ligation is often uncomfortable and the exposure 
inadequate under local anaesthesia. Various permutations of 
high saphenous ligation with or without stripping, short 
saphenous ligation and vein avulsions were carried out, in 
some cases bilaterally (Table 1). Wide use was made of 
absorbable subcuticular sutures, such as polyglycolic acid, to 
avoid the need for removal of sutures. 


When patients were fully recovered from the anaesthetic they 
were allowed home in the company of a relative or friend. It 
has not been our policy to provide transport by ambulance. 
The patients were given 8-10 tablets of distalgesic and written 
instructions to return to the casualty department should any 
problem arise. All patients were then seen in the sclerotherapy 
clinic at 10 days where further management was decided. 

Between February and April 1977 all these patients were 
sent a questionnaire as shown in Fig. 1. Initial circulation was 
based on addresses obtained from the operating book, and 
those who failed to reply were then sent a second questionnaire. 
An attempt was then made to trace the addresses of those who 
still had failed to reply by review of the case notes and in some 
instances by personal contact. Approximately 280 letters were 
required to obtain the high reply rate. | 


Yes | No 

7o) QC) 

1. Were your symptoms improved by 88 22 
surgery ? 

2. Were your symptoms made worse by 5 95 
surgery ? 


3. When you got home after your operation, 50 50 
did you need to take tablets for pain? 

4. Did you feel sick or vomit the day after 22 78 
your operation? 

5. Did you need to call your own doctor out 9 91 
to see you at home for any reason 
concerning the operation or its immediate 
effects ? 

6. Did you need to come back to hospital 10 90 
(other than to have stitches removed) 
because of pain or bleeding etc. from 
the wound? 

7. Did you need to spend any nights in 15 85 
hospital after your operation because 
you were not fit to go home? 

8. Were you off work for more than 1 week? 52 48 

9. Were vou satisfied having your operation 75 25 
and being home the same day? 

10. Would you rather have stayed in hospital 42 58 
for at least one night after your 
operation ? 
Fig. 1, The questionnaire and results. 


Results 

There were no deaths in the series and no clinically 
apparent deep vein thromboses or pulmonary emboli. 
Morbidity was minimal and restricted to minor 
problems at the sites of operation. 


Replies to questionnaire 

One hundred and thirty (79 per cent) valid replies 
were received from the 181 patients. Seventeen patients 
had definitely moved and were not traceable, and 
hence a reply rate of 81 per cent was obtained from 
those apparently receiving the questionnaire. Fig. 1 
shows how the questions were answered, grouping 
together all patients and therefore a number of 
different anaesthetics and operations. Additional 
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. Fig. 2. Patients requiring hospital stay or revisits or domiciliary visits according to type of surgery. 


comments received, though individually interesting, 
usually only expanded answers already given. 

Questions 1 and 2 were included primarily to 
encourage the patients to return the completed 
questionnaire (Bradford-Hill, 1971). However, 88 per 
cent thought that their veins had been improved by 
surgery and only 5 per cent thought that they had 
been made worse. 

The percentage of patients who needed to take the 
tablets for pain (50 per cent) and those who suffered 
sickness and vomiting the day after surgery (22 per 
cent) seemed unrelated to the type of surgery. If the 
operations are divided into 5 broad groups, nights 
spent in hospital, domiciliary consultations by general 
practitioners and unscheduled revisits to hospital 
increase in direct proportion to the extent of surgery 
(Fig. 2). 

The majority of patients were satisfied with being 
returned home on the same day as surgery (75 per cent) 
but, again, this was related to the extent of surgery, as 
was their preference for remaining in hospital for one 
night after surgery, if given the choice (Fig. 3). 

Only 52 per cent stayed off work for more than 1 
week after their operation. There were no significant 
differences between the 5 groups, but the trend was 
that those who had had the most surgery required 
longer away from work, as would be expected. 


Discussion 

Day care is now well established for many surgical 
procedures (Simpson, 1976). Our experience with day 
care vein surgery began in 1973. At that time we 
stripped out some incompetent long saphenous veins 
at the same time as doing the high saphenous ligation, 
but we felt that all these patients required admission 
overnight, usually for adequate analgesia, and there- 
fore we abandoned the stripping procedure. Our over- 
night admission rate excluding those stripped has been 
10 per cent. We have now recommenced a short strip 
from the groin to below the knee in a very select group 
of patients and this may prove more acceptable. If 
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Fig. 3. Patients satisfied with day care or preferring one 
night in hospital according to type of surgery. 


stripping is thought desirable, 48-h admission may be 
preferable (Doran et al., 1972), as frequent overnight 
admission, general practitioner domiciliary con- 
sultation and ambulance transport home partly defeat 
the financial objective of day care surgery (Stephens 
and Dudley, 1961; Ruckley et al., 1973; Russell et al., 
1977). 

Although the majority of patients subjected to all 
types of surgery were satisfied with returning home 
on the same day, their own experience influenced their 
preference for overnight stay where ‘multiple incision’ 
surgery had been carried out. Ten out of 11, and 34 
out of 58 having short and long saphenous ties 
respectively felt that overnight stay was unnecessary, 
whereas more than half those having more than one 
incision (22 out of 40) felt that overnight stay would 
have been preferable. Although the overall numbers 
in some cases are small, trends can be clearly seen. 


Conclusions 
Although day care vein surgery does offer a safe means 
of dealing with a common problem and obviates the 
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need for a long bed-dependent waiting list, we feel 
that the extent of surgery should be limited to that 
which is acceptable to the majority of the patients. 
Many surgeons now consider it unnecessary to strip 
out saphenous veins, and the key to successful com- 
pression sclerotherapy is surgical control of long or 
short saphenous incompetence (Hobbs, 1974; Doran 
and White, 1975). 

Day case vein surgery should probably be restricted 
to simple saphenofemoral and saphenopopliteal 
disconnection. 
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The importance of plasma lipid, glucose, insulin and 


fibrinogen in femoropopliteal surgery 
P. L. HARRIS, D. R. HARVEY AND B. P. BLISS* 


SUMMARY 

Fasting blood levels of cholesterol, triglyceride, glucose, 
insulin and fibrinogen were measured preoperativel y in 
44 patients who had reconstructive operations for 
occlusive disease in the femoral and popliteal arteries. 
Comparison of these preoperative biochemical measure- 
ments with the results of surgery over a 4-year period 
indicated that failure was associated with significantl y 
higher mean preoperative levels of both glucose (P « 0-01) 
and fibrinogen (P 0-01). High fasting blood glucose 
was associated with early failure (occlusion between 3 
and 12 months)and high plasma fibrinogen was associated 
with late failure (occlusion between 1 and 4 years). The 
results of operation were not influenced significantly by 
dis i blood levels of cholesterol, triglvceride or 
insulin. 


THE results of reconstructive surgery for occlusive 
disease in the femoropopliteal arteries are disappoint- 
ing. Even with the best techniques only half of the 


Patients and methods 
During the period of study 44 patients had one or more 
reconstructive operations for occlusive disease in the femoro- 
popliteal arteries. There were 41 men and 3 women with a 
mean age of 58-5 years (range 27-79). Only two of the patients 
did not smoke cigarettes and one of these smoked a pipe. 
Diabetic patients as diagnosed by conventional oral glucose 
tolerance tests were excluded from the study. Also excluded 
were patients receiving treatment with clofibrate or chole- 
styramine for gross lipid disorders. A total of 63 operations 
was performed, of which 48 were for intermittent claudication 
and 15 for rest pain or gangrene. There were 51 bypass grafts, 
27 using autologous saphenous vein, 17 using Dacron pros- 
thesis and 7 using a combination of these two. The remaining 
12 operations were thromboendarterectomies of the femoro- 
popliteal artery. | 
Patients were followed up for from 1 to 4 years after opera- 
tion. The diagnosis of occlusion of the reconstruction was made 
from recurrence of symptoms, together with the disappearance 
of pulses and reduction of systolic pressure in the calf, measured 
with a Doppler ultrasonic probe. For the purpose of com- 
parison, four groups of operations were identified (Table I). 
Group | consisted of those reconstructions which had remained 


Table I: COMPARISON BETWEEN THE RESULTS OF SURGERY AND PREOPERATIVE FASTING BLOOD 
LEVELS OF CHOLESTEROL, TRIGLYCERIDE, GLUCOSE, LOG INSULIN AND FIBRINOGEN 


{mean +2 s.e. mean) 


Cholesterol Triglyceride Glucose Log insulin Fibrinogen. 
Group No. (mmol/l) (mmol/l) (mmol/D (iu/ml) (gil) 
} Good results 25 61-06 1-64-04 40403 2-7 40:2 3-$+40°5 
(n z 19) 
2 Very early failure 15 6:5-- 0-6 1-7 24-03 4-14-02 2:74.02 35-04 
(n — 11) 
3 Early failure 8 6:5.- 0-6 1:5--0-2 4:9 4-0-6* 2:7--03 37 40:3 
4 Late failure 15 6:5-- 1:0 1-7405 4-0402 2-4 4-0:3 44 03* 
(nz 8) 


——  —— Í—— ————————— MÁMHÁ RN RR it 


* Denotes significant difference from group 1. 


reconstructions are still patent after 5 years. Some 
become occluded shortly after operation, and these 
failures must be ascribed to technical problems arising 
during or immediately after surgery. However, 
following the immediate postoperative period, the rate 
of occlusion is gradual, steady and persistent. One 
reason for these late failures may be progression of 
the arterial disease, to which femoropopliteal recon- 
structions are particularly vulnerable. 

If this explanation is correct, it follows that identifi- 
cation and control of the factors responsible for the 
progression of the disease may help to reduce the 
number of late failures. 

In recent years a considerable amount of evidence 
has been accumulated to incriminate biochemical 
abnormalities in the pathogenesis of peripheral 
arterial disease. Of these, abnormalities of lipid and 
carbohydrate metabolism (Greenhalgh et al, 1971; 
Bliss et al., 1972a) and raised levels of fibrinogen in the 
plasma (Dormandy et al., 1973a, b) are thought to be 
of importance. 

The purpose of this study was to determine whether 
or not these factors had any influence on the results of 
femoropopliteal surgery. 


patent for 2 or more years and were still patent at the con- 
clusion of the study (good results); group 2 were those recon- 
structions which became occluded within 3 months of operation 
(very early failures); group 3 were those which became occluded 
between 3 and 12 months after operation (early failures); and 
group 4 were those which became occluded more than 1 year 
after the operation (late failures). The age distribution and 
smoking habits of the patients in each of the groups were 
similar. There were 2 women in group 1 and 1 in group 3. 

Preoperative blood samples were drawn after 12-14 h over- 
night fasting, during which time the patients were requested to 
refrain from smoking. 

Plasma triglycerides and cholesterol were measured on an 
autoanalyser; triglycerides as glyceride glycerol by a modifica- 
tion of the method of Kessler and Lederer (1965) and chole- 
sterol by the method of Block et al. (1966). Fibrinogen was 
determined by a modification of the nephelometric method of 
Rice and Muesse (1972). Glucose was measured by the method 
of Gutteridge and Wright (1968) and immunoreactive insulin 
by the method of Hales and Randle (1963). 

The levels of these measurements in patients with good 
results from operation (group 1) were compared with those in 
patients whose operations had failed (groups 2, 3 and 4). The 
results were analysed statistically by the non-parametric Mann- 
Whitney U test. 
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Fig. 5. Relationship between preoperative fasting plasma 
triglycerides (mean -2 s.e. mean) and the patency of 
femoropopliteal reconstructions. 





Sr Results (Table D 
" Glucose and insulin (Figs. 1, 2) 
7] The mean level of fasting blood glucose in patients , 
whose reconstructions failed between 3 months and 
a $ i 1 year after operation (group 3) was significantly 
a higher than that in patients whose operations re- 
eH SF . "T mained successful (group 1) (P « 0-01). The mean levels 
2 86 - : [i associated with very early failure (group 2) and late 
E z^[ h [t m : failure (group 4), however, did not differ significantly 
"E It. it ] from that associated with good results (group 1). 
> č 34 E 1 . . NES m a 
sz | k , The mean fasting insulin measurement did not 
DE : : differ significantly in any of the groups of patients 
9 2] whose operations failed (groups 2, 3 and 4) from that 
à in the group of patients with successful operations 
| (group 1). 
| Fibrinogen (Fig. 3) 
hus rond d bd : Mean preoperative levels of fasting plasma fibrinogen 


were higher in patients with late failure (group 4) than 
in those whose operations remained successful (group 
Fig. 3. Relationship between preoperative fasting plasma 1); this difference was statistically significant (P < 
fibrinogen (mean 4-2 s.e. mean) and the patency of 0-001). But the mean level of fibrinogen in patients 
femoropopliteal reconstructions. with early failure (group 3) and very early failure 


Results of operation 


(group 2) did not differ significantly from that in 
patients with good results from operation (group 1). 


Cholesterol and triglyceride (Figs. 4, 5) 

Mean preoperative fasting levels of either cholesterol 
or triglyceride did not differ significantly in patients 
with failed reconstructions (groups 2, 3 and 4) 
from those in patients with successful operations 
(group 1). 


Discussion 

The results indicate that, of the biochemical factors 
studied, high preoperative fasting levels of blood 
glucose and plasma fibrinogen may influence adversely 
the results of femoropopliteal surgery. The differences 
Observed between the mean levels of these factors in 
patients with failed operations and those in patients in 
whom operation was successful were small, but they 
were statistically significant and were independent of 
other factors such as sex, age and smoking habits, 
which are known to influence the progression of 
arterial disease. 

It is well known that diabetes is associated with 
poor results from this type of operation and that 
atherosclerosis in diabetic patients follows a more 
rapidly progressive course (Humphries et al., 1969). 
Diabetics, as diagnosed by conventional oral glucose 
tolerance tests, were excluded from this study but, 
even so, an association between the results of operation 
and preoperative blood glucose levels was demon- 
strated, and this would suggest that even minor 
abnormalities of glucose metabolism may be of 
importance. It is possible that patients with a high 
risk of early failure would be identified before opera- 
tion by steroid-loaded glucose tolerance tests which 
would indicate those with very mild or latent diabetes. 
Whether the results of surgery could be improved in 
these patients by adjuvant dietary or drug therapy is, 
however, far from certain. Studies of the effects of 
hypoglycaemic agents on vascular complications in 
diabetic patients have produced conflicting results 
(Keen et al., 1968; Paasikivi, 1970; University Group 
Diabetes Program, 1976), and it seems likely that a 
reduction of blood glucose has little, if any, influence on 
the progression of the arterial disease. It is not certain 
that high blood glucose levels influence the results of 


peculiar distribution of atherosclerosis in diabetic 
patients, may also play a part, and these factors were 
not taken into account in this study. 

In one series of patients with peripheral arterial 
disease the drug fenfluramine was shown to improve 
glucose tolerance without affecting levels of insulin 
in the serum (Bliss et al., 1972a). An action of this 
kind was thought to be of importance because insulin 
itself, in excess, has been implicated as a possible 
causative agent in atherosclerosis in the coronary 
arteries (Stout and Vallance-Owen, 1968). However, 
by contrast, a more recent study of patients with 
intermittent claudication indicated that these patients 
had lower plasma insulin levels than normal controls 
(Holm et al., 1973). The role of insulin in atherogenesis 
therefore remains obscure, but it is very unlikely that 
it has any direct influence on the progression of arterial 
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disease in non-diabetic patients. That this is SO is 
supported by the results of the present study, in which 
no significant correlation was found between pre- 
operative plasma insulin levels and the long term 
results of surgery. 

. The association. between raised levels of plasma 
fibrinogen and a poor outcome from reconstructive 
surgery is in accordance with previous reports 
(Postlethwaite, 1976). High levels of plasma fibrinogen 
are accompanied by raised blood viscosity and 
increased aggregation of red cells and platelets 
(Dormandy et al., 1973a, b). These changes could be 
important factors in the intravasuclar thrombosis 
which ultimately occurs in all failed reconstructions. 
The absence of any demonstrable influence of 
fibrinogen on the early results of surgery was in 
contrast to a significant effect on the later results, and 
was a little surprising since it might be expected that 
an increased tendency to thrombosis would have an 
adverse effect on results at all stages after operation. 
It may be that other factors are dominant in the 
causation of early failure, in which case a larger series 
may need to be studied before any influence of 
fibrinogen levels becomes apparent. Recognition of 
the adverse effects of raised serum fibrinogen on the 
results of operation is of great practical importance 
because there is good evidence that correction of this 
factor by drug therapy will improve the results 
(Postlethwaite, 1976). 

A positive correlation between high levels of 
cholesterol and triglyceride and peripheral vascular 
disease is now well established (Greenhalgh et al., 
1971; Bliss et al, 1972a). It is not clear, however, 
whether arterial disease in patients with these lipid 
disorders follows a more rapidly progressive course 
than it does in those with normal lipids nor whether 
the disease process can be influenced by treatment. 
The absence of any correlation between preoperative 
levels of cholesterol and triglyceride and the long 
term results of operation would suggest that these 
factors do not affect significantly the rate of progres- 
sion of disease. However, only limited conclusions can 
be drawn from these results since those patients with 
lipid disorders which were considered severe enough 
to warrant dietary or drug therapy were excluded 
from the study. A further series to include this type of 
patient, conducted over a longer period of time, will 
be necessary before definite answers can be given. At 
the same time there is also a need for carefully con- 
trolled clinical trials to assess the effects of treatment 
of lipid and other biochemical factors on the long 
term results of surgery. 
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The bruit-occlusion test: a clinical method for 


localizing arterial stenosis 
A.J. DOWELL AND J. G., SLADEN* 


SUMMARY 

The bruit-occlusion test is accomplished by listening to 
a bruit whilst occluding and releasing an efferent artery, 
e.g. bruit in the groin, occluding the superficial femoral 
artery. If the bruit disappears, that efferent artery is 
stenosed. Changes in intensity of the bruit imply 
stenosis in the parent or alternate efferent vessels. The 
test is useful in the follow-up of aortofemoral and 
particularly femoropopliteal vein grafts. It can be 
applied in the abdomen and neck. 

This simple manoeuvre can be added to a vascular 
examination whenever a bruit is discovered. It often 
allows specific anatomical diagnosis and can be more 
reliable than arteriography. 


IN the examination of patients with vascular disease, 
bruits indicate turbulence, and high-pitched sounds 
are almost diagnostic of significant stenosis (Edwards 
and Levine, 1951). Auscultation along an artery 
locates the stenosis at the point of maximum systolic 
bruit. Frequently, however, there are two or more 
vessels in the area—bifurcations, graft take-offs or 
overlying vessels. It may be very important to know 
which vessel is stenosed. The test described here allows 
anatomical diagnosis of the stenosis clinically and can 
be accomplished in a moment. 


Method 
The bruit is isolated with a stethoscope. One of the efferent 
arteries is occluded by thumb pressure or tourniquet, the other 
remaining patent: 

1. If the bruit disappears, the stenosis is in the occluded 
efferent vessel—almost always diagnostic. 

2. If the bruit is unchanged or increases, the stenosis is in the 
unóccluded efferent vessel. 

3. If the bruit decreases, the stenosis is in the parent vessel or 
is of multiple origin. 

The following 4 case reports serve to illustrate the accuracy 
of the test. 


Case reports 

Case 1: A high-pitched bruit developed in the right groin 6 
months after a femoropopliteal vein graft. The patient had 
palpable popliteal and pedal pulses at rest; exercise reduced the 
pulses and increased the bruit. He claudicated at 300 m. The 
bruit disappeared when the vein graft was occluded with a 
thumb on the lower thigh (Fig. Ia). The patient was sent for 
arteriography with a diagnosis of stenosis of the take-off of the 
vein graft. The first arteriogram failed to demonstrate stenosis. 
Repeat arteriograms (Fig. 1b) with oblique views suggested 
stenosis but could not localize it to a specific artery. At opera- 
tion an 85 per cent stenosis of the graft take-off was corrected 
by patch angioplasty. 


Case 2: A high-pitched bruit was noted in the left groin 
3 months after operation. The patient was not claudicating. He 
had had several previous vascular procedures, at the last of 
which a small profundus artery had been sewn into the side of a 
Dacron graft placed between an old aortofemoral graft and the 
mid-thigh portion of a failing, below-knee femoropopliteal vein 
graft. Occlusion of the graft in the lower thigh did not change 
the intensity of the bruit in the groin (Fig. 2a), indicating 
stenosis in the profunda. This was confirmed by arteriography 
(Fig. 2b). Fifteen months later the situation is unchanged. 


Case 3: A high-pitched bruit was noted in the left groin of this 
diabetic patient, who had increasing calf claudication associated 
with aching in the lateral thigh. Exercise increased the intensity 
of the bruit, whilst occlusion of the superficial femoral in.the 
thigh with a thumb reduced it. A diagnosis was made of 
common femoral stenosis, which was confirmed by angiography 
(Fig. 3a) and subsequent operation. 

Case 4: This woman was stopped by left thigh and calf 
claudication at 50 m. The right side was less symptomatic. 
Femoral pulses were equal at grade 2/4, as were distal pulses at 
rest. A mid-abdominal bruit was silenced by bilateral femoral 
occlusion. Occlusion of the left femoral artery reduced the bruit 
more than occlusion of the right (Fig. 4). These findings 
indicated aorto-iliac stenosis, more severe on the left side. 
Single-plane aortography demonstrated diffuse aorto-iliac 
disease and patent superficial femorals. 


Discussion 

The bruit-occlusion test depends on the fact that a 
stenosis requires flow to create turbulence and hence a 
bruit. The intensity of the bruit is proportional to the 
flow. The efferent vessel must be accessible and easily 
occluded. This test has been used to localize a bruit in 
more than 40 cases. 

The test is most easily applied in the femoral area 
and is particularly useful where there is a bruit near 
the origin, or in the body, of a femoropopliteal graft. 
Stenosis of the graft, or its take-off, is a very significant 
problem as it leads to graft thrombosis. If a harsh 
bruit disappears with graft occlusion, it is diagnostic 
of graft stenosis and should be corrected. Operation 
has confirmed tight stenosis which careful arterio- 
graphy had failed to demonstrate on several occasions. 

Often the test can be used to differentiate between 
the parent and an alternate efferent artery. Applied to 
the femoral area, a bruit which is unchanged (Fig. 2a) 
or increases in intensity indicates a profunda stenosis. 
The bruit may actually increase if the profunda, 
which can supply the same vascular bed, takes over for 
the temporarily occluded superficial femoral. 

A bruit which decreases in intensity (Fig. 3b) 
indicates reduced flow through the stenosis which is 
thus in the parent or common femoral artery. The 
change in flow, and hence the change in bruit, is most 
noticeable for the first few beats after occlusion or 
release of the efferent vessel. 

The localization of an abdominal bruit is compli- 
cated by the alternative run-off vessels between the 
lesion and the point of arterial compression. The test 
can be useful in that bruits from visceral branches are 
unchanged by bilateral femoral compression. If 
occlusion of one femoral artery silences the bruit, the 
stenosis is in that system (aorta or iliac). When 
bilateral femoral occlusion silences the bruit (Fig. 4a) 
the stenosis is in the aorta or iliacs. If the internal 
iliacs are widely patent, aorto-iliac bruits soften with 
bilateral femoral compression but may not disappear. 
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Fig. 1. Case 1. a, Bruit-occlusion test diagnostic for graft 
stenosis. b, Arteriogram suggesting stenosis in the region of 
the vein graft take-off but unable to separate the vessels 
radiologically. 
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Fig. 2. Case 2. a, Tracing of the groin bruit, showing no 
change in intensity of the bruit after occlusion of the 
femoropopliteal bypass. 5, Arteriogram showing stenosis of 
the profunda artery. 


The test depends on a compressible efferent vessel ; 
circumferential plaquing may preclude it. 

The same principle can be applied to examination of 
the neck, selectively occluding different vessels. It is 
helpful on the right side to differentiate innominate, 
subclavian and carotid bruits. 

Bruits near the origin of an axillofemoral bifurcation 
graft are common and difficult to assess. There may be 
3-5 times as much flow through the parent artery with 
the graft open as with it occluded. In this Situation, a 
bruit which completely disappears with graft occlusion 
does not necessarily mean stenosis of the graft take-off. 
The increased turbulence of the extremely high flow 
through the parent artery (subclavian-axillary) may 
create a bruit from a relatively mild stenosis. However, 





b 


if the bruit is harsh and disappears with graft occlusion, 
the stenosis, whether artery or graft take-off. is 
significantly limiting graft flow and can be a harbinger 
of occlusion. 

The changes in bruit intensity are usually obvious 
with a stethoscope and silence is diagnostic. Using 
phonocardiographic equipment we confirmed the 
stethoscopic findings in representative cases to provide 
a visual record for this article. Changes in intensity 
were noted, with very little change in frequency or 
pitch, within the limits of our equipment. 

This is a clinical test and in normal practice a tracing 
is quite unnecessary. Stenosis can also be diagnosed 
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Fig. 3. a, Case 3. Arteriogram showing stenosis of the common femoral artery. Compression of the superficial femoral artery 
reduced the bruit, suggesting common femoral stenosis. b, A case similar to Case 3. Tracing of the groin bruit in a patient 
with stenosis of the common femoral artery above the take-off of a femoropopliteal vein graft, showing decrease in the 
intensity of the bruit with occlusion of the graft. Ninety per cent stenosis was confirmed with arteriograms and at operation. 
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Fig. 4 4. Case 4. Tracing dios (b) abdominal bruit which 
disappeared after bilateral femoral artery occlusion— 
diagnostic of aorto-iliac disease. Tracings c and d suggest 
that artery stenosis is greater on the left than on the right, 
correlating with the history. 








with a Doppler; however, the use of the stethoscope is 
more expedient and the findings are more easily 


interpreted. 
Examination of bruits (Eastcott, 1973), pulses 
(DeWeese, 1960) and Doppler pressures (Carter, 


1972) after exercise has become standard practice in 
vascular examination and is widely mentioned in the 
literature. It is recognized that the pitch or frequency 
of a bruit correlates with the degree of stenosis in the 
vessel (Thompson et al., 1966). However, we were 
unable to trace anything in the English literature 
referring to bruits and vessel occlusion. A single 
article was uncovered in Spanish (Torres, 1971). 

This simple test has proved very useful; it can be 
added to the vascular examination whenever a bruit is 
discovered. It often gives a specific anatomical 
diagnosis and allows more selective use of arterio- 
graphy. 
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The mechanism of calf claudication : studies of 


simultaneous clearance of "Tc" from the calf and thigh 
N. ANGELIDES, A. NICOLAIDES, T. NEEDHAM AND H. DUDLEY* 


SUMMARY 

Simultaneous clearance of Te” from the gastroc- 
nemius and quadriceps muscles has been studied in 74 
limbs of 62 patients with claudication and in 20 normal 
limbs of 15 volunteers. The local decay curve for 10 min 
at rest and for 20 min after a 3-min treadmill walk at 
4:5 kmih was recorded. The changes in blood flow which 
occurred after exercise were characteristic of the 
arteriographic lesions and they explain the haemo- 
dynamics of claudication. 


Tue theoretical basis for the use of the clearance rate 
of a radioisotope to measure blood flow was first 
established by Kety (1948, 1949). He found that the 
clearance of sodium-24 was determined solely by the 
blood supply and was altered by states of vasodilata- 
tion, vasoconstriction and exercise. Subsequent 
studies have included the use of static rhythmic 
exercise (Walter, 1958), xenon-133 as an alternative 
isotope (Lassen et al., 1964; Lassen and Kampp, 1965; 
Larsen and Lassen, 1966; Tenneson, 1968) and, more 
recently, metastable technetium-99 (°Tc™) which has 
the advantage of being readily available and easy to 
handle (Cutajar et al, 1971; Appleberg and Lewis, 
1975). 

The purpose of the present investigation was to 
ascertain, using Te, whether simultaneous measure- 
ments of muscle blood flow in the thigh and calf might 
be of value in elucidating the haemodynamics of 
claudication. When a patient with a femoropopliteal 
arterial obstruction walks, the pressure in the arteries 
at the ankles falls (Carter, 1968; Yao, 1970; Carter and 
Lezack, 1971). This has usually been attributed, some- 
what loosely, to an increased vasodilatation in the 
muscle in the calf; an additional explanation would be 
a much increased circulation in the muscle in the thigh, 
so, in some way, depriving the calf of blood and thus 
contributing to, if not completely causing, the claudica- 
tion. Different flow patterns in muscle would be 
predicted according to each hypothesis. 


Patients and methods 


Patients 

Fifteen healthy volunteers (20 limbs) and 62 patients with 
peripheral vascular disease (74 limbs) were studied. All the 
patients but not the healthy volunteers had been investigated 
with lumbar aortography which was used to assess the state of 
the aorto-iliac and femoropopliteal segments. This was part of 
the normal management procedure. 

Limbs were graded into four groups according to the state of 
the aorto-iliac and femoropopliteal segments: 20 limbs of 15 
volunteers with no evidence of arterial disease were in group A; 
26 limbs of 20 patients with iliac occlusion only, group B; 32 
limbs of 26 patients with superficial femoral artery occlusion, 
group C; and 16 limbs of 16 patients with aorto-iliac and 
femoropopliteal disease, group D. 


To muscle clearance 

Simultaneous clearance of “Tc™ was studied from the thigh 
and calf at rest and after exercise: 40 uCi of *"Tc?! diluted in 
0-2 ml of saline were injected into the thickest part of the 
gastrocnemius and quadriceps muscles (Fig. 1). The probes of 
two Pitman 235 isotope localization monitors were placed at a 


constant distance from the skin above the site of the injection. 
The position was marked to enable accurate replacement of 
the probes after exercise. Output from the detectors was 
recorded continuously on a CR 552 recorder and the results 
were expressed as a percentage clearance per minute (7) using 
a computer. 

All patients rested for 20 min before starting the test. 
Clearance curves were obtained for 10 min at rest; the patient 
then walked on the treadmill for 3 min at 4:5 km/h following 
which clearance curves were recorded for 20 min. At any time, 
the percentage clearance per minute (7), which is proportional 
to muscle blood flow, could be obtained from the equation 

T= fe fe n) x 200, (1) 

f -- fü 1) 

where f(r) is the radioactivity measured at time ¢ and f(1-- 1) is 
the radioactivity measured 1 min later. The radioactivity 
cleared during | min is f/(5) —f(t-- 1). The mean radioactivity 
during the same minute is [f()+-f(r+1)]/2, and therefore the 
percentage radioactivity cleared per minute is given by 
equation (1). 7 was calculated at minute intervals. 


Recorder 


CR 552 





40 pCi 99mTc 


Fig. 1. Diagrammatic representation of the experimental 
system. 


Ankle pressure measurements 

Ankle pressures were measured 24 h after the muscle clearance 
studies. The same resting and exercise procedure was used as 
for the measurement of Tc™ clearance. All patients rested for 
20 min before starting the test. A cuff 15 cm wide was applied 
around the right arm and two similar cuffs were applied 
around the ankles, 2 cm above the malleoli. By using a Parks 
806 ultrasonic Doppler to detect flow in the brachial and 
posterior tibial arteries, systolic pressures were measured at 
rest in the following order: right brachial, left ankle and right 
ankle. The patient then walked on the treadmill at 4-5 km/h 
for a maximum period of 3 min or until claudication occurred. 
The cuffs remained in position during exercise so that the post- 
exercise systolic pressure could be measured with minimum 
delay. Immediately after exercise the patient walked quickly to 
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bed and the pressure measurements were carried out in the 
same order. They were repeated at 2-min intervals for 20 min. 


Results 

The results expressed as mean and standard deviation 
are represented in Figs. 2-5. Normal limbs show 
comparable clearance rates in thigh and calf, both at 
rest and after exercise, with immediate fivefold 
hyperaemia and return to resting levels within 3 min. 
In aorto-iliac obstruction (Fig. 3) the pattern is much 
the same, but the degree of hyperaemia is less (approxi- 
mately threefold) and the time to return to resting 
levels is prolonged (9-12 min). In femoropopliteal 
occlusion (Fig. 4) there are differences in the pattern 
of clearance between the thigh and calf: the former 
behaves normally while the latter shows diminished 
clearance immediately after exercise, rising to a peak 
at 6 min and thereafter returning to normal in a 
further 10 min. Finally, in combined aorto-iliac and 
femoropopliteal occlusion (Fig. 5), the thigh behaves 
much as in the aorto-iliac group (Fig. 3), but the calf 
shows zero clearance immediately after exercise, 
rising to a peak at 10 min and then following a similar 
time course to isolated femoropopliteal occlusion. 

In all limbs with superficial femoral occlusion, with 
or without aorto-iliac lesions, the peak clearance in 
the calf was reached only when clearance in the thigh 
decreased to pre-exercise levels. 

In normal limbs, the mean ankle and brachial 
systolic pressures at rest were 132415 mmHg and 
130:12 mmHg respectively. Immediately after 
exercise both were increased— mean ankle systolic 
pressure 147+22 mmHg, mean brachial systolic 
pressure 144+ 24 mmHg. 

In limbs with aorto-iliac occlusion only, the mean 
ankle and brachial systolic pressures at rest were 
85:13 mmHg and 140+ 24 mmHg respectively. Im- 
mediately after exercise the mean ankle systolic 
pressure decreased to 40:11 mmHg, whereas the 
brachial systolic pressure increased to 148 + 19 mmHg. 
The mean recovery time was 7-3 min. 

In limbs with femoropopliteal occlusion only, the 
mean ankle and brachial systolic pressures were 
84-8 mmHg and 123 x17 mmHg respectively. Im- 
mediately after exercise the mean ankle systolic 
pressure decreased to 49-11 mmHg while the 
brachial systolic pressure increased to 141 + 13 mmHg. 
‘The mean recovery time was 3-8 min. 

In limbs with combined aorto-iliac and femoro- 
popliteal lesions, the mean ankle and brachial systolic 
pressures at rest were 100+17 mmHg and 170+21 
mmHg respectively. Immediately after exercise the 
ankle systolic pressures decreased to undetectable 
levels (20 mmHg) while the mean brachial systolic 
pressure increased to 17824 mmHg. The ankle 
systolic pressure remained undetectable for an average 
period of 2.9 min. The mean recovery time was 
17:6 min. 

The mean changes in thigh T, calf T and ankle 
systolic pressure in the four groups of limbs studied 
are shown together in Figs. 6-9 for comparison. 


Discussion 

Though isotope clearance techniques in the calf 
muscles are well established (Lassen et al, 1964; 
Lassen and Kampp, 1965; Albert et al., 1966, 1969; 
Sumner and Strandness, 1969; Cutajar et al., 1971), 
simultaneous clearance of radioactive isotopes from 
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Fig. 2. Mean T and standard deviation in group A (20 normal 
limbs). 
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Fig. 3. Mean 7 and standard deviation in group B (26 limbs 
with iliac occlusion only). 
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Fig. 4. Mean 7 and standard deviation in group C (32 limbs 
with superficial femoral artery occlusion). 
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Fig. 5. Mean T and standard deviation in group D (16 limbs 
with combined aorto-iliac and femoropopliteal lesions). 
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Fig. 6. Changes in mean thigh 7, mean calf T and ankle 
systolic pressure in group A (20 normal limbs). 
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Fig. 7. Changes in mean thigh 7, mean calf 7 and ankle 
systolic pressure in group B (26 limbs with iliac occlusion 
only). 


the thigh and calf muscles after exercise has not 
previously been studied. Our results confirm the 
observation repeatedly made that in patients with 
claudication from arterial obstruction, resting muscle 
blood flow is not different from normal. However, of 
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Fig. 8. Changes in mean thigh 7, mean calf T and ankle 
systolic pressure in group C (32 limbs with superficial 
femoral artery occlusion). 
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Fig. 9. Changes in mean thigh 7, mean calf T and ankle 
systolic pressure in group D (16 limbs with combined 
aorto-iliac and femoropopliteal lesions). 


more interest are the changes we have described after 
exercise and the possible light they can throw on the 
mechanisms of claudication. 

The normal lower limb can be regarded haemo- 
dynamically as a ‘standpipe system’, in which pressure 





Fig. 10. Diagram of arterial tree and electrical model in a 
limb with occlusion of the superficial femoral artery. 


is maintained along the whole length of the axial 
vessels and flow is fed out of these vessels into 
vascular beds of varying resistance. In a simple stand- 
pipe, pressure takes only one value, but for an elastic 
system of vessels fed by an intermittent pump it is 
necessary to consider mean pressure. If any or all of 
these resistances falls, as in the hyperaemia of exercise, 
flow is increased. In consequence, mean pressure along 
the standpipe may be sustained or may fall overall, 
the degree to which this takes place being determined 
by the central delivery and thus by cardiac output. 
The change in mean pressure is the result of a fall in 
diastolic pressure due to the reduced peripheral 
resistance. 

This simple view of the limb adequately explains 
our findings in the normal volunteers: flow is increased 
and, although systolic pressure is increased, the 
diastolic pressure falls. When aorto-iliac occlusion is 
present, the results suggest that the blood flow pattern 
is the same as in a normal person, but it is ‘throttled’ 
by the occlusion so that blood flow is insufficient to 
permit normal reactive hyperaemia. 

Where there is femoropopliteal block only, 
hyperaemia is normal in the thigh, but flow in the calf 
is diminished initially and is followed by a delayed 
hyperaemia. The only conceivable explanation of the 
diminished flow in the calf immediately after exercise 
* when there is maximum vasodilatation of the muscle 
bed in that area is a fall in pressure in the axial 
vessels distal to the obstruction-—a well-documented 
phenomenon (Carter, 1968; Yao, 1970). This, in turn, 
must be the consequence of a similar fall in the 
pressure gradient across the collateral circulation, 
which comes about as a result of the fall in mean 
pressure proximally (Fig. 10) (see Appendix for the 
mathematical analysis of an electrical analogue which 
supports this contention and which derives pressure 
(voltage) changes from flow (current) changes). As the 
hyperaemia in the thigh decreases, there is an increase 
in the peripheral resistance of the thigh muscle bed, 
which results in an increased mean pressure in the 
profunda, thus restoring the pressure gradient in the 
collateral vessels. This then permits hyperaemia in the 
calf where maximum dilatation is still present. 

The changes that occur in patients with combined 
aorto-iliac and femoropopliteal lesions can be 
explained along similar lines. However, the aorto-iliac 
lesion is responsible for an aortofemoral gradient 
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Fig. 11. Electrical model simplified by omitting resistances 
R,', R, and R; shown in Fig. 10. 


which becomes even more pronounced immediately 
after exercise, producing a lower profunda pressure, 
a prolonged reactive hyperaemia in the thigh and a 
more delayed onset of calf hyperaemia. 

Therefore, our concept of calf claudication in 
femoropopliteal obstruction is of blood being ‘dumped’ 
into a large vasodilated proximal muscle mass. The 
calf is deprived and can only begin to receive blood 
to permit it to clear the isotope (and presumably the 
products of anaerobic glycolysis) as the hyperaemia 
in the thigh wanes. Clearly an additional factor in 
determining the detailed form of the pressure—flow 
pattern across the obstruction will be heart rate and 
stroke volume. Paradoxically, at least in theory, the 
greater the heart rate, assuming a constant stroke 
volume, the shorter the period of diastole, and there- 
fore possibly the shorter the time available for flow 
to fall because of low pressure. Whether this is 
important relative to the very dilated muscular bed in 
the thigh requires further study. 
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Appendix 

Mathematical analysis of an electrical model which 
derives pressure (voltage) changes from flow (current) 
changes 

Fig. 10 is a diagrammatic representation of the 
arterial tree and its electrical model in a limb with 
occlusion of the superficial femoral artery. Let 


R, — Resistance of common iliac artery (fixed), 
R, = Resistance of external iliac artery (fixed), 
Resistance of superficial femoral artery (o0), 
Resistance of profunda femoris artery (fixed), 
R, = Resistance of collateral arteries (fixed), 
Resistance of main calf arteries (fixed), 
Resistance of thigh muscle bed (variable), 
Re = Resistance of calf muscle bed (variable), 

V = Assumed constant pressure (voltage) in aorta. 


The resistance of the occluded superficial femoral 
artery (Ra), is infinitely high; the resistances of the 
external iliac artery (R,^) and of the main arteries 
distal to the occlusion (R,;), which are fixed, are very 
small. They can beomitted (Fig. 11a) and the electrical 
model can then be redrawn as in Fig. 115. 
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Let 
I = Total flow of blood (current), 
i, = Muscle blood flow in E (current), 
i, = Muscle blood flow in calf (current), 
V = Pressure in aorta (voltage), 
VA = Pressure at point A (Fig. 7b). 


The total resistance is 
(Rit Ry) + RESET. 
According to Ohm’s law, 
RR CARAS eT 
(Ri + R3) + [ROR, + RMR + Rat Red]! 
but 
P= igh. (2) 
Pressure (voltage) 4 at point A 
Va = RR, = (Rit Re), (3) 
therefore 
ER Ab. R, A " 
This can be developed into 


+R, Ji 
i, = UR EC x p PS Re x i), 


Ry 
ig a RI a 


R; 
PER Ri + Re 
R; R; 
Solving the equation for ij 
; R+ Re 
e= R, -+ R; -+ RU 
Substituting / with equation (1) 
Rit Re 
R, T Re 4 Ri 
Vx(R,4 Ret Ry) (6) 
URGE Rð +(Ri+ Ra Ri + Re+ Ri)’ 


(1 —i,). (4) 





xf 


x (3) 
x I. 


Ld 

F —— 

i= 
t 


which is 
h = (Ry + Re) 
PEIE R T PIE ee 
RR, T Re) ix (R, i Ra) (R, T Re P Ry) 
and 
pS (R,+ Re) x V 
RAR, + Re) + RR: T R3) T (R, T R) (Re T Ri) 


(8) 
Substituting i with {Ri + R,)/ Ri from equation (4) 
pa TAM 
^07 RAR, + RO + RAR, + RO (RU + RO Ret RC 
(9) 


The changes that occur in /, and i, as a result of 
changes in R, and R, after exercise can be illustrated 
with an example. 

Let fixed resistances and constant aortic pressure 
be-R, = d Q, R, = 2 Q, Ry = 10 Q and V = 100 V. 


Before exercise (resting conditions) 
Let R, = Rẹ = 10 Q. Then from equation (8) 
2000 2000 


i = 391300160 390 7 0? 4 
and from equation (9) 
. _1000_, 
le = 599 = 3:45 A. 


Immediately after exercise 
Let R, = 1 Q and R, = 1 Q. Then from equation (8) 
l 1100 — 1100 ! 
esae wp 494 
and from equation (9) 
jp = 100 
e 47 
At the time when peak flow occurs in the calf 


= 2i A. 


Let R; = 10 Qand R, = 4 Q. Then from equation (8) 
20,40, 
hc serio s 9^ 
and from equation (9) 
[o S = 5A, 


Thus, the changes which occur in the thigh muscle 
(R4) and calf muscle (Re) resistances during exercise 
can explain the changes in flow that occur In patients 
with superficial femoral occlusion (Fig. 4). The 
effect of these changes on pressure can be illustrated 
also. In the same model (Fig. 7b), the pressure at 
point A, proximal to the occlusion, is 


V = it X Ry. 
Similarly, at point B, distal te the occlusion, the 
pressure is 

Vg — Fe X Re. 


Thus, before exercise 


V, = 10x7 = 70V, 
Vg = 10x35 = 35 V 


and immediately after exercise 


Va = 22x1 = 22 V, 
Va = ZI 2 V. 
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Intermittent claudication in 


the foot and Buerger's disease 
MASAFUMI HIRAI AND SHIGEHIKO SHIONOYA* 


SUMMARY 

The objective of this investigation was to study the 
pathogenesis of intermittent claudication in the foot and 
to determine whether it could be used as a diagnostic 
manifestation of Buerger's disease. In 30 limbs with 
foot claudication and 20 limbs without foot claudication, 
systolic pressures at various levels of the leg were 
measured by a photoelectric technique, and the signifi- 
cance of collateral circulation in the foot on the develop- 
ment of claudication was studied. Although there was a 
significant difference between blood pressures at the foot 
and toe, considerable overlapping was seen between the 
two groups. This finding might indicate that muscle 
circulatory insufficiency in limbs with foot claudication 
results from occlusion of the nutrient arteries supplying 
the plantar muscles as well as poor collateral circula- 
tion in the foot. 

Hospital records of 48 patients with foot claudication 
were reviewed and the question of whether these patients 
could be diagnosed as having Buerger’s disease was 
discussed. On the basis of clinical findings and arterio- 
graphic appearances, the diagnosis of Buerger’s disease 
was made in all patients except one with hyper- 
cholesteraemia. 

From the results obtained here, foot claudication could 
be considered to be almost specific to Buerger's disease and 
a useful guide in the clinical diagnosis of this disease. 


Ir is generally accepted that patients diagnosed as 
having Buerger's disease have a distinctly better 
survival rate and a higher incidence of ischaemic 
ulceration and amputation of the digits than patients 
diagnosed as M having arteriosclerosis obliterans 
(McPherson et al., 1963; Schatz et al., 1966). Further- 
more, direct arterial surgery is rarely feasible for 
patients with Buerger's disease, because of occlusion 
of the small vessels distal to the popliteal artery 
(Shionoya et al., 1976). During recent years, bypass 
procedures to the distal tibial arteries have been 
attempted (Baird et al, 1970; Tyson and Reichle, 
1972). There, the run-off bed at the foot isan important 
problem for graft survival. Many patients with 
Buerger's disease are unsuitable even for this type of 
arterial reconstructive surgery because of additional 
occlusions in the smaller arteries of the foot and toes, 
particularly patients with gangrene. Many of these 
patients are wrongly diagnosed and more probably 
have early appearing arteriosclerosis (Eastcott, 1969), 
A clinical diagnosis of Buerger's disease is, therefore, 
of practical value from a standpoint of giving correct 
advice and proper treatment to the patients. The most 
distinctive clinical features of this disease are con- 
sidered to be episodes of superficial thrombophlebitis, 
the involvement of the arteries of the upper as well as 
of the lower extremity and the location of the 
occlusive process in the distal arterial segments in 
young male smokers. Intermittent claudication in the 
foot also has been reported to be nearly specific in 
Buerger's disease (Eastcott, 1959: Strandness, 1969). 
However, a detailed study has not hitherto been 


carried out, and the aim of this investigation, there- 
fore, was to study the pathogenesis of foot claudica- 
tion and to determine whether it can be used as a 
diagnostic manifestation of this disease. 

In a previous study (Hirai, 1976), blood flow in the 
flexor hallucis brevis muscle was measured by the Xe 
clearance technique and foot claudication was con- 
sidered to be caused by severe circulatory insufficiency 
of the plantar muscles during walking in patients with 
occlusion. of the posterior tibial and/or plantar 
arteries. However, of 78 limbs with occlusion of these 
arteries, only 34 showed foot claudication. These 
findings raised a question as to whether muscle 
circulatory insufficiency in limbs with foot claudication 
resulted from poor collateral circulation in the foot, 
obstruction of the muscular branches of the main 
arteries, or a combination of these. If severe damage 
to the nutrient arteries supplying the plantar muscles 
is an essential criterion, foot claudication might be 
considered to be nearly specific in Buerger's disease, 
because the occlusive lesions of Buerger's disease 
primarily affect these small arteries (Kinmonth, 1948; 
Shionoya et al., 1974; Hirai and Shionoya, 1976). 

In the present study, systolic blood pressures at 
different levels of the leg were compared between 
limbs with and without foot claudication and the 
significance of collateral circulation in the foot on the 
development of foot claudication was studied. 
Furthermore, hospital records of all patients with 
foot claudication were analysed and whether a 
diagnosis of Buerger's disease could be applied to 
these patients was considered. 


Patients and methods 


Blood pressure measurements in the leg 

Fifty limbs of 41 patients with arterial occlusive disease of the 
leg were studied in this series. The patients' ages ranged from 
25 to 62 years, with a mean of 49 years. Foot claudication was 
recognized in 30 limbs. Femoral arteriograms revealed 
occlusion of the arteries distal to the popliteal bifurcation 
without evidence of occlusion of the more proximal arteries in 
all limbs. Furthermore, both tibial arteries were occluded at 
the ankle joint or more proximally, indicating that only 
collateral vessels were visualized in the foot. No patient 
suffered from diabetes mellitus. All were in a clinically steady 
state and no gangrenous or pregangrenous changes were 
present at the time of examination. Although most patients had 
slight cyanosis in the foot or toes, none had pain at rest. 

The systolic blood pressure was measured by photoelectric 
plethysmography. The technique and the reliability of this 
method have been described in detail elsewhere (Hirai and 
Kawai, 1977), therefore only a brief description will be given 
here. The subjects were investigated in the supine position 
after being allowed to rest for 15 min. The systolic blood 
pressure was determined by slowly deflating the cuff pressure 
from the suprasystolic value and recording the first inflow 
with a photocell used as a pulse sensor. The photocell was 
placed on the second toe and the systolic blood pressure was 
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Fig. 1. Comparison of systolic blood pressure at various levels 
of the leg between limbs with and without foot claudication. 
Closed circles represent limbs with foot claudication (n = 30). 
open circles represent limbs without foot claudication (n — 20). 
The difference between the systolic blood pressure at each 
level and the arm systolic blood pressure is used for the 
evaluation. Although differences between the foot and toe 
blood pressures are statistically significant, a considerable 
overlapping is seen between the two groups. 


determined at the thigh, calf, ankle, foot and the second toe. 
The cuff widths used were 20, 20, 12, 6 and 2 cm, respectively. 
The above procedure was carried out three times at each level 
and the mean was used for the evaluation. With all measure- 
ments, the arm systolic pressure was measured by means of 
the standard auscultatory method, using a 12-cm cuff, and the 
difference between the blood pressures at each level and the 
arm systolic pressure was used in the analysis of the results. 
Statistical analysis of blood pressures between limbs with and 
without foot claudication was by Student's ż test. 


Review of patients with foot claudication 

During the period from April 1967 to May 1977, 280 
patients with occlusive arterial disease of the leg were admitted 
to the hospital. Forty-eight had complained of foot claudication. 
Pain on walking was located in the sole of the foot. All hospital 
records of 48 patients with foot claudication were reviewed 
with regard to complete blood count, urinalysis, fasting blood 
sugar, serum protein, serum cholesterol, chest X-ray and 
electrocardiogram. Criteria for inclusion of Buerger's disease 
were applied rigidly: these included smoking, male sex. youth, 
* coexistence of superficial thrombophlebitis and simultaneous 
involvement of the upper extremities in the absence of detec- 
table cardiac or cerebral vascular disease, or various collagen 
diseases. In addition to clinical assessment, arteriographic 
findings were also reviewed. Femoral arteriography had been 
carried out in all patients. 


Results 


Blood pressure measurements in the leg 

The mean and standard deviation of the arm systolic 
blood pressure was 132 + 16 mmHg in limbs with foot 
claudication and 128-17 mmHg in limbs without 
foot claudication. This difference was not significant. 
The results of blood pressure measurement at various 
levels in the lower limb are shown in Fig. 1. Although 
there were no significant differences between the 
thigh, calf and ankle pressures in limbs with and 
without foot claudication, the differences of the foot 
and toe pressures were statistically significant (P< 
0-05). However, a considerable overlapping was seen 
between the two groups. 


Intermittent claudication and Buerger's disease 
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a b 
Fig. 2. a, Case 3. In the mid-popliteal artery localized 
irregularities are seen (arrow). The more proximal arteries 
are smooth and regular. At the calf, both anterior and 
posterior tibial arteries are occluded at their origins. b, Case 
4. Irregular narrowings of the mid-popliteal artery are seen 
(arrow), without evidence of occlusion or irregularity in the 
more proximal arteries. At the calf, only the anterior tibial 
artery is patent. 


Review of patients with foot claudication 

The results are summarized in Table J. Of the 48 
patients only one was female and at the onset of their 
symptoms all were smokers. The initial symptoms of 
vascular disease appeared at a mean age of 36 years, 
with a range of 22-47 years. Only 2 patients were over 
45 years at the first onset of symptoms. All the patients 
were otherwise in good health and had no evidence of 
organic heart disease, arterial aneurysm, diabetes 
mellitus, radiographically demonstrable calcification 
of peripheral arteries, or scleroderma. All but one 
of the patients had normal blood cholesterol levels. 
Superficial thrombophlebitis occurred in 19 patients 
and was recurrent in 16 of these. Involvement of the 
arteries of the upper extremity was observed in 28 
patients and was confirmed by brachial arteriograms 
in 13 patients and by a significant reduction or 
absence of pulsation in the radial or ulnar artery in 
association with a positive Allen test (Allen, 1929) in 
the remaining 15 patients. 
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Table I: CLINICAL FEATURES EN 48 CASES WITH 
FOOT CLAUDICATION 





Clinical feature No. y 

Age at onset (yr) 

22-25 4 8 

26-35 15 31 

36-45 27 S6 

46—47 2 4 
Male sex 47 98 
Smokers 48 100 
Superficial 

thrombophlebitis: 

Recurrent 16 33 

Once 3 6 
Upper limb involvement 28 58 
Ulceration: 

Finger T l 

Toe 34 71 
Diabetes mellitus 0 0 
Coronary or cerebral 

arterial insufficiency 0 0 
Hypercholesteraemia 1 2 


Table H: CLINICAL FEATURES IN 4 DOUBTFUL 
CASES 
Case 
Clinical features | 2 

Age at onset (yr) 36 43 32 42 
Sex F M M M 
Superficial 

thrombophlebitis + — -}- -— 
Upper limb involvement -— ~f- + 4 
Ulceration 

Finger a S A ~ 

Toe zz T 4 4 
Hypercholesteraemia -— =j- — = 
Final diagnosis TAO TAO 


TAO, Thromboangiitis obliterans (Buerger's disease); 
ASO, arteriosclerosis obliterans. 


Thirty-seven patients developed skin ulceration of 
the toes or fingers. These ulcers were described as 
being exquisitely painful. In all patients, pulsations 
of the femoral and popliteal arteries were normal on 
both sides and no bruits over the iliac and femoral 
arteries were audible. At least one of the pedal pulses 
of both legs was absent in 34 patients. In the remain- 
ing 14 patients, only one leg showed abnormality of 
pedal pulses. Twenty-five patients underwent bilateral 
femoral arteriography and the others unilateral 
arteriography. The arteries from the groin to the foot 
were Visualized. Review of the arteriograms showed 
occlusion of the arteries distal to the popliteal bifurca- 
tion in all 73 limbs. The arteries proximal to the 
occlusion sites were regular and smooth in 71. No 
intimal plaques were visible, nor could calcification of 
either the intima or media be seen. In the other 2 
limbs, localized irregularities were seen in the popliteal 
artery (Fig. 2). All clinical features of 4 of the patients, 
including 1 female patient, 1 patient with hyper- 
cholesteraemia and 2 patients with irregularities of the 
popliteal artery, are listed in Table I. 


Discussion 

When a stenotic or occlusive lesion is present in a 
major artery, the viability and functional capability 
of the limb depend on the collateral circulation. The 
function of the collateral circulation can be assessed 


by the measurement of blood pressure distal to the 
occlusive process (Yao et al., 1972; Strandness and 
Sumner, 1975). The ankle blood pressure has been 
used clinically and gives valuable information as to 
the severity and extent of occlusive disease (Yao, 
1970; Kawai et al., 1975). However, the value of more 
distal blood pressure estimations has recently been 
emphasized, especially in cases with arterial occlusion 
beyond the ankle (Carter and Lezack, 1971; Lassen 
et al., 1972; Nielsen et al., 1972). In the present study, 
systolic blood pressure measurements were carried out 
at various levels of the leg, including the foot and toe, 
and were compared with limbs with and without foot 
claudication. All limbs showed occlusion of both 
tibial arteries at or proximal to the ankle joint, 
indicating that the blood supply to the foot was 
dependent upon the collateral circulation. If one of 
the main arteries of the foot is patent, a normal 
blood pressure will be obtained at the foot, because 
blood pressure value reflects the status of the 
major conduits of the limb (Bell et al, 1973; 
Strandness and Sumner, 1975). Although there was 
a significant difference between blood pressures at 
the foot and toe, a considerable overlapping was 
seen between limbs with and without foot claudication. 
This finding might indicate that the degree of collateral 
circulation is not the only factor in the development of 
foot claudication. Severe damage to the nutrient 
arteries supplying the plantar muscles themselves is 
also strongly suspected in limbs with foot claudication. 
Kinmonth (1948) and Hirai and Shionoya (1975) 
reported particular cases of Buerger’s disease whose 
calf claudication was due to occlusion of the muscular 
branches in the calf. These small arteries are primarily 
affected by the characteristic occlusive lesions of 
Buerger’s disease. 

Hospital records of 48 patients with foot claudica- 
tion were analysed with regard to the diagnosis of 
Buerger’s disease. Four doubtful cases listed in Table 
IH were separately considered. In the other 44 patients, 
recurrent superficial thrombophlebitis was observed 
in 15, upper extremity involvement in 25 and digital 
ulceration in 33. Forty patients had at least one of 
these three features. In the other 2 patients chief 
complaints were foot claudication and severe coldness 
with cyanosis of the foot and toes. In establishing the 
clinical diagnosis, certain negative criteria (that is, the 
absence of findings suggestive of other diseases) are 
likewise important (Barker, 1962; McKusick et al, 
1962: Szilagyi et al., 1964). Arteriographically, 
vessels proximal to the occlusive lesions were in all 
cases normal and showed no evidence of athero- 
sclerosis. On the basis of these findings, a diagnosis of 
Buerger’s disease was made on these 42 patients. 

It is generally accepted that women are seldom 
affected by Buerger’s disease (Morris-Jones and Jones, 
1973). In this series one female patient was included 
(Case 1 in Table I). At the age of 36, a painful ulcer 
developed on the right third toe with severe cyanosis. 
A right femoral arteriogram revealed occlusion of 
both tibial arteries at the ankle without evidence of 
occlusion or irregularity of the femoropopliteal 
segments. She had a history of recurrent superficial 
thrombophlebitis in the upper and lower extremities. 
No clinical and laboratory findings suggesting arterio- 
sclerosis or any of the collagen diseases were present. 
From these results, she was considered to be a case of 
Buerger’s disease. 
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One patient with hypercholesteraemia (Case 2 in 
Table II) suffered from hypertension (164/94 mmHg). 
He could be classified as a case of arteriosclerosis 
obliterans, except that occlusion of his left ulnar artery 
was recognized by Allen's test. 

Two patients with irregularity of the popliteal 
artery (Cases 3 and 4 in Table IZ) had no clinical 
evidence suggestive of arteriosclerosis. Irregularities 
of the popliteal artery in these patients were localized 
and the lumen of the femoral artery was smooth and 
regular. These localized irregularities, therefore, might 
be differentiated from diffuse arteriosclerotic irregu- 
larities and may be considered to be an early stage of 
Buerger's disease in the proximal progression of the 
occlusive process (Lambeth and Yong, 1970; Hirai 
and Shionoya, 1976; Shionoya et al., 1976). In both 
patients, femoral arteriograms of the contralateral leg 
showed occlusion in the calf arteries but no evidence 
of occlusion or irregularity in the femoropopliteal 
arteries. One patient had a history of recurrent 
thrombophlebitis and ischaemic ulceration on the 
fingers and toes. The left brachial arteriogram 
revealed occlusions of both radial and ulnar arteries. 
In the other patient, occlusion of the right ulnar artery 
was recognized by Allen's test, On this basis, both 
might be considered to have Buerger's disease. 

From the results reported here, combined with those 
in a previous paper (Hirai, 1976), severe muscle 
circulatory insufficiency in foot claudication might be 
considered to result from involvement of the nutrient 
arteries supplying the plantar muscles as well as poor 
development of collaterals of the foot in limbs with 
occlusion of the posterior tibial and/or plantar 
arteries. Furthermore, foot claudication might be 
considered to be nearly specific in Buerger's disease 
and a useful item in the clinical diagnosis of this 
disease, as is already accepted with other manifesta- 
tions such as upper extremity involvement and 
migrating superficial thrombophlebitis. 

Several patients complained of intermittent claudica- 
tion simultaneously in the foot and calf. In these, 
arteriography showed occlusion in the femoral and/or 
popliteal arteries in association with involvement of 
the arteries of the tibia and foot. The diagnosis of 
Buerger's disease was assigned to these patients also, 
on the basis of clinical criteria, as mentioned above. 

Numbness of the foot on exertion in patients with 
non-diabetic arterial occlusive disease in the lower limb 
"is to be distinguished from true foot claudication, and 
is generally held to be due to diversion of foot blood 
flow into the proximal, exercised muscle vessels—a 
good example of the vascular ‘steal’ phenomenon. 

The pain of foot claudication is caused by ‘muscle’ 
circulatory insufficiency during walking and involves 
the sole of the foot, probably because the work load 
during walking and the volume of the plantar muscles 
are greatest in the foot. Common terms used by the 
patients with foot claudication are a sense of fatigue, 
persistent cramp or a squeezing pain rather than a 
sense of numbness. However, in some cases the 
definitive diagnosis of foot claudication may be made 
by measurement of blood flow in the plantar muscle 
(Hirai, 1976). 
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Two cases of giant intestinal gas cyst 
N. P. INGRAM, C. P. HOLFORD AND W.R. ELLIS* 


SUMMARY 

Large gas cysts of the colon are uncommon and only 
some 30 cases have been reported (Moss, 1975). They 
usually arise from the sigmoid colon and are always 
associated with diverticular disease (Schenken and 
Cochran, 1972). In view of their rarity, 2 further cases 
with different presenting factors are discussed. 


Case reports 

Case 1: Mrs D. B., aged 79, presented with heart failure in 
February 1975. Plain abdominal X-ray films showed a large 
gas-filled cyst in the right lower abdomen. At barium meal 
examination the barium entered a cyst which communicated 
with the pelvic colon. Abdominal examination at that time was 
normal. 

Over the next year the cyst became palpable as a mobile mass 
resonant to percussion in the right lower quadrant. The 
patient, however, remained symptom-free. In October 1976 
she was admitted with a 3-day history of right lower abdominal 
pain and diarrhoea. On examination she was pyrexial and a 
tender, hyper-resonant cystic mass was palpable in the right 
periumbilical region. X-rays showed that the cyst had 
enlarged and was occupying this site of maximum tenderness 
(Fig. 1). Her condition deteriorated and laparotomy was 
performed. A large gas cyst was found arising from the 
sigmoid colon; in addition there was extensive diverticular 
disease. The affected segment of the colon was resected. 
Histology showed a fibromuscular cyst wall lined by actively 
inflamed vascular granulation tissue. The cyst was in com- 
munication with the sigmoid colon which showed diverticulosis 
and non-specific chronic inflammation. 


Case 2: Mr F. K., aged 68, presented in August 1975 with a 6- 
week history of general ill health and worsening constipation. 
On examination, there was a large, non-pulsatile, non-tender 
mass measuring 15 x 10 cm in the right lower abdomen which 
did not move on respiration. A provisional diagnosis of 
carcinoma of the caecum was made and an urgent barium 
enema ordered. 

This examination showed a gas-filled cyst in the region of 
the sigmoid colon. No communication between the cyst and 
the colon was demonstrated. Twenty-four hours later the 
patient was admitted as an emergency with increasing ab- 
dominal pain and pyrexia. Clinically the mass had doubled 
in size and there was now a visible swelling. In view of his 
worsening condition laparotomy was performed. This showed 
a large gas-filled cyst of the sigmoid colon with a posterior 
perforation; in addition, there was extensive diverticular 
disease. The inflammatory mass was resected. Histology 
showed that the wall of the cyst consisted of organizing 
granulation tissue with a mucopurulent exudate. No definite 
communication between the cyst and the colon was found. 


Discussion 
The first case of a giant intestinal gas cyst was 
described in 1946 (Bonvin and Bonte, 1946). Sub- 
sequent reports show that the sex incidence is equal 
and cysts are found in middle-aged and elderly 
patients. The condition is probably unrelated to 
pneumatosis coli. The most common presentation, as 
in Case 2, is the discovery of a gas-filled cyst during 
investigation for large bowel pathology. However, 
patients may be completely asymptomatic, or present 
as an abdominal emergency due to perforation. Plain 
abdominal films usually show a large gas-filled cyst 
in the right lower abdomen. 

By barium examination the relationship of the gut 
to the sigmoid colon can be shown, and in 8 of the 





Fig. 1. Case 1. Showing communication between the 
cyst and the pelvic region. 


30 reported cases direct communication with the 
colon was demonstrated radiologically (Moss, 1975). 

The aetiology remains unresolved. One theory is 
that of a pulsion diverticulum with a valvular 
mechanism at the neck (Sutorius and Bossert, 1974). 
Another possibility is distension of a diverticulum by 
gas-forming organisms after the neck has been 
obstructed by previous inflammation. This theory is 
supported by the findings of gas-cyst analysis (Sibson 
and Edwards, 1972). 


Conclusion 

The consensus of opinion is that gas cysts should be 
removed surgically (Moss, 1975). We feel that in the 
elderly, asymptomatic patient a more conservative 
approach is reasonable. However, as in Case 1, 
operative treatment may eventually become necessary. * 
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Meconium ileus equivalent in an adult: a case report 


A. BENGHIAT* 


SUMMARY 

A case is described of meconium ileus equivalent 
presenting as a small bowel obstruction in an adult 
patient with cystic fibrosis. The importance of con- 
servative management with acetylcysteine and intra- 
venous fluids is emphasized. 


MECONIUM ileus is a common presenting feature of 
cystic fibrosis in neonates, and a similar entity termed 
meconium ileus equivalent has been reported in those 
patients who reach adolescence and adulthood 
(Hunton et al., 1966). 

One such case presenting as a surgical emergency in 
a young adult is described here. 


Case report 

A 20-year-old male presented with a 48-h history of colicky 
central abdominal pain with vomiting and constipation, 
preceded by a “flu-like illness from which he was recovering. 

He was known to have had cystic fibrosis since the age of 15, 
but was symptom-free except for occasional chest infections 
easily treated with physiotherapy and antibiotics. One sister 
had died in infancy from cystic fibrosis but his parents and 
another sister were unaffected. 

On examination, he was afebrile, dehydrated and had 
enlarged, non-tender lymph nodes in the neck and groin. The 
chest was clinically clear. The abdomen was distended, tender 
centrally without guarding, and the bowel sounds were normal. 

Erect and supine plain abdominal X-rays showed multiple 
dilated loops of small bowel with air-fluid levels, suggesting a 
small bowel obstruction. 

Immediate laparotomy was performed and the entire length 
of the small bowel was found to be reddened, thickened and 
filled with tenacious putty-like material. The surface of the 
ileum bled easily on contact and there were several enlarged 
fleshy mesenteric lymph nodes, one of which was excised for 
histological examination. 

- À diagnosis of meconium ileus equivalent was then made. A 
routine appendicectomy was performed and the bowel was not 
opened. 

Postoperatively, he was started on 30 ml of a 20 per cent 
solution of acetylcysteine, three times a day orally and by 
enema, as used by Hodson et al. (1976). This was supplemented 

.With intravenous fluids and the obstructive picture began to 
resolve over the next 2 days after several loose bowel actions. 

On the second postoperative day he developed a severe 
bronchopneumonia and was transferred to the specialist chest 
hospital where his cvstic fibrosis had been diagnosed. There he 
received intensive treatment to the chest and madea satisfactory 
recovery. He was discharged on antibiotics and 20 ml of 
acetyicysteine orally three times a day. 

Microscopic examination of the mesenteric node showed 
reactive changes only. 


Discussion 

Intestinal obstruction due to inspissated intestinal 
contents, outside the neonatal period, in patients with 
cystic fibrosis has been reported (Fisher, 1954; Hunton 
et al, 1966), The mucolytic agent acetylcysteine was 


successfully used orally in the prophylaxis of 
meconium ileus equivalent in a 26-year-old with 
intermittent abdominal pain (Lillibridge et al., 1967). 
Gracey et al. (1969) described the successful treatment 
of 6 cases of subacute intestinal obstruction using 
acetylcysteine. 

More recently, Hodson et al. (1976) reported 6 
adults with meconium ileus equivalent treated with 
oral and rectal acetylcysteine. Four of these patients 
underwent laparotomy at some stage, and of these, 
2 died in the immediate postoperative period because 
of respiratory failure and uncontrollable bleeding 
respectively. In all cases the bowel had been opened. 

Many patients subsequently needed maintenance 
doses of oral acetylcysteine to prevent recurrence of 
small bowel obstruction. 

The presence of enlarged mesenteric nodes has not 
previously been reported and in the present case may 
have been secondary to the antecedent viral illness. 

As more patients with cystic fibrosis survive to 
reach adulthood, it is increasingly likely that more 
of them will present with intestinal obstruction and 
be admitted to non-specialist centres as surgical 
emergencies. 

It is important that the diagnosis of meconium ileus 


equivalent should be considered when a patient known 


to have cystic fibrosis presents as an abdominal 
emergency. Ideally, these patients should be treated 
conservatively in view of the potentially fatal post- 
operative complications. 
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The nature of hypocalcaemia in acute pancreatitis 
M. J. MCMAHON, J. S. WOODHEAD AND R. D. HAYWARD* 


SUMMARY 


A retrospective and prospective study was made of 


82 attacks of acute pancreatitis occurring in 80 patients. 
Attacks were defined as mild (55) or severe (27) accord- 
ing to clinical criteria. Severe attacks were associated 
with significantly low levels of uncorrected calcium and 
calculated ionized calcium, both at the time of admission 
and 48 h later. 

Patients with severe attacks were found to have lower 
levels of parathyroid hormone than either those with 
mild attacks or other patients who had undergone an 
abdominal operation. These results indicate that severe 
pancreatitis is associated with true hypocalcaemia, and 
that deficiency of circulating parathyroid hormone may 
be a factor in its production. 


Ir was noticed by Edmondson and Berne in 1944 that 
serum calcium levels of less than 2-25 mmol/l were 
present in 36 of 50 cases of 'pancreatic necrosis’, and 
that a fatal outcome was seen when a level of less than 
1:75 mmol/l was recorded. These observations have 
received ample verification from subsequent studies, 
and hypocalcaemia has been accepted as an important 
factor for the prediction of severity of an attack of 
pancreatitis (Trapnell et al., 1974). 


The total calcium concentration in plasma or 


serum is the sum of an albumin-bound fraction and a 
free-calcium fraction. It is generally accepted that free 
(ionized) calcium is the physiologically active form, 
and that changes in albumin concentration can 
profoundly influence the total calcium level without 
producing a substantial alteration in the level of free 
calcium. However, the influence of low albumin 
levels upon serum calcium had been largely ignored in 
pancreatitis until the recent studies by Imrie et al. 
(1976), which suggest that hypoalbuminaemia is the 
principal cause of hypocalcaemia in many cases. 

We have carried out a combination of retrospective 
and prospective studies to examine the relationship 
between calcium and albumin in acute pancreatitis and 
to relate the findings to the severity of the attack. 


Patients and methods 

Data were gathered from a study of 82 attacks of acute 
pancreatitis occurring in 80 patients. More than half of the 
patients were seen during the course of their illness by one of the 
authors (M. I. M.) 

The diagnosis of an attack of acute pancreatitis was based 
upon the presence of typical clinical features combined with a 
serum amylase level greater than 1000 i.u./1, or upon findings at 
laparotomy. 

The age and sex distribution of the population and an 
indication of the aetiology of their pancreatitis are shown in 
Table I. Attacks were classified as mild or severe according to a 
simple clinical scheme shown in Table IH. There were 27 severe 
and 55 mild attacks. 

Calcium, total protein and albumin were all measured by 
automated methods in the routine hospital clinical laboratory 
both on admission and 48 h later. Specimens for parathyroid 
hormone assay were separated immediately and the serum was 
then frozen at —20 °C. 

Parathyroid hormone was measured by an immunoradio- 
metric technique (Addison et al., 1971). The antiserum used 
was provided by the Medical Research Council (Code no. 


B.W.211/41). Samples were assayed against a reference 
preparation. of human parathyroid hormone supplied by 
Dr J. L. H. O' Riordan. The detection limit of this method is 
0-15 ng/ml and the mean level in normal patients 0-4 3-0-5 ng/ml 
(O'Riordan et al., 1972). The immunoradiometric technique is 
now well established and compares favourably with radio- 
immunoassay with respect to both reliability and sensitivity 
(Woodhead et al., 1974; Woodhead and Walker, 1976). 

Free (ionized) calcium values were calculated from total 
calcium, total protein and albumin using an iterative method 
described by Hodgkinson and. Knowles (1976). 


lonized calcium [Capt] = 
K.[Ca,??] M n [zm m 
1L K,[Ca,?*] I--K,Ca,^] T 


where P(Ca) is total calcium, 7(alb) is total albumin and 
Tiglob) is total globulin. At pH 7:4 K, is 0:22, K, is 0-22 and 
K; is 0-05. 

Results were analysed by both an unpaired z test and by the 
Mann-Whitney U test for non-parametric data, except for 
results of parathyroid hormone assay which were examined by 
the latter test alone in view of the small numbers. 


P(Ca) = K,[Ca,**] m | 


Table 1: DETAILS OF 80 PATIENTS SUFFERING 
82 ATTACKS OF PANCREATITIS 


Mean age 58 yr 
Sex 43 F; 37 M 


Cause 
Biliary calculi 49 
Alcohol 7 
Other or undetermined 26 
Severity 
Mild 55 
Severe 27 


Table If: CLASSIFICATION OF SEVERITY OF ACUTE 
PANCREATITIS 
Severe Mild 
14 or more days in hospital Less than 14 days in hospital 
due to pancreatitis 
or and 
A complication such as No complications 
pseudocyst, abscess, renal 
failure etc. 


or and 
Death Survival E 
Results 


Analysis of the uncorrected results (Fig. 1) showed 
that a significantly lower serum calcium level was seen 
in severe attacks of pancreatitis than in mild ones, 
both at the time of admission and 48 h later. Whilst the 
levels seen in the severe cases were below normal, those 
seen in the mild cases were within the normal range. 
These results are consistent with earlier reports. 

In order to examine for a possible albumin influence, 
calcium levels were plotted against the albumin level 
found in the same blood sample (Fig. 2) and regression 
lines were drawn from the results for the two grades of 
severity. Despite considerable variation, the regression 
line for the severe attacks was lower than that for mild 
attacks, though approximately parallel to it. 


* Department of Surgery, General Infirmary, Leeds, and 
Departments of Medical Biochemistry and Surgery, University 
Hospital of Wales, Cardiff. 
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Fig. 1. Uncorrected calcium levels (mmol/l) in patients with 
mild and severe pancreatitis (a) on admission and (5) 48 h 
later ( : s.e. mean). Significance levels refer to unpaired z test. 
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Fig. 2. The relationship between albumin and uncorrected 
calcium levels in the same blood sample in patients with mild 
and severe pancreatitis. For severe cases r — 0-5562 and for 
mild cases r — 0-2933. 


This indicates that even when the effect of albumin 
was taken into account, severe attacks of pancreatitis 
were associated with lower calcium levels than mild 
ones. 

Application of a correction factor for albumin 
enabled the calculated ionized calcium to be examined 
(Fig. 3). There was a significant difference between the 
severe and mild attacks both on admission and 48 h 
later. Severe attacks were associated with subnormal 
calculated ionized calcium values; the mean calculated 
ionized calcium on admission in 5 patients in whom 
the outcome was fatal was 1-01 mmol/l. 

In order to establish the applicability of the calcium 
correction to the patients under study, sera from 44 
patients who did not have pancreatitis were examined. 
Patients whose total calcium (2-04-2-65 mmol/l) and 
albumin (31—52 g/l) ranges were similar to those under 
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Fig. 3. Calculated ionized calcium levels (mmol/l) in patients 
with mild and severe pancreatitis (a) on admission and (5) 48 h 
later {+ s.e. mean). Significance levels refer to unpaired ¢ test. 
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Fig. 4. Parathyroid hormone levels (ng/ml) in patients with 
mild and severe attacks of acute pancreatitis and in patients 
who did not have pancreatitis 24 h after an upper abdominal 
operation (--s.e. mean). The difference between patients with 
severe pancreatitis and postoperative patients just failed to 
reach significance at the 5 per cent level. 


study were chosen and simultaneous serum specimens 
were submitted for routine measurement of calcium, 
albumin and protein and direct measurement of 
ionized calcium with the Radiometer 2112CA 
electrode. Total calcium correlated poorly with 
measured ionized calcium (r=0-587) compared with 
calculated ionized calcium (r= 0-880). 

A comparison of parathyroid hormone levels in 
12 patients with pancreatitis and 7 who had undergone 
a recent upper abdominal operation is shown in 
Fig. 4. There is considerable variation, and the 
differences in the results lie just outside the 5 per cent 
significance level. However, the patients with severe 
pancreatitis were found to have lower parathyroid 
hormone levels than those in the two other groups, and 
a lower level than the mean found in 20 normal 
subjects by O’Riordan et al. (1972). 
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Discussion 

The clinical and metabolic features of acute pancreatitis 
show such variation that it is difficult to classify 
patients accurately into groups of different severity. 
Thus we adopted an extremely simple clinical classifi- 
cation of patients into mild and severe categories. 
However, serum calcium appeared to correlate quite 
well with this classification. 

Mild attacks of pancreatitis were associated with a 
normal calcium level at the time of admission and 48 h 
later, irrespective of whether a correlation for albumin 
had been applied. By contrast, severe attacks were 
characterized by subnormal levels before and after 
correction for albumin, both on admission and 48 h 
later. The calculated ionized calcium level in patients 
who died from their pancreatitis was lower still. These 
results are largely in agreement with those from the 
studies of Imrie et al. (1976), who found that much of 
the hypocalcaemia seen in acute pancreatitis could be 
explained by falling albumin levels. However, even 
after correction for albumin changes, some of their 
more severe cases exhibited significant hypocalcaemia. 
Our data probably contain a higher proportion of 
severe cases, as routine measurement of serum calcium 
was not always carried out in the more mildly diseased 
patients. Weir et al. (1975) have measured ionized 
calcium directly and confirmed the occurrence of true 
hypocalcaemia in pancreatitis. 

Unfortunately, the effect of pH has been ignored in 
calculating the ionized fraction. Although blood pH is 
unlikely to be far from normal in patients with mild 
pancreatitis, it may be greatly disturbed in severe 
disease. For greater accuracy a pH adjustment factor 
can be introduced into the calcium correction equation, 
and this has now become our standard practice. 

The mechanism responsible for the hypocalcaemia 
seen in severe pancreatitis is as yet unexplained. 
Edmondson and Berne (1944) calculated that between 
50 and 400 mmol of calcium were sequestered in 
deposits of fat necrosis in patients examined by them 
who had died from pancreatitis. It has been suggested 
that the drain upon the plasma calcium imposed by 
such sequestration results in low levels in the blood. 
However, this explanation alone fails to indicate why 
the plasma calcium is not replenished from skeletal 
reserves, as happens after experimentally induced 
ae MEE (Sanderson et al., 1960; Potts et al., 
1971). 

Explanations centred upon glucagon- and calcitonin- 
induced hypocalcaemia have scant supportive evidence 
and are unlikely to be the sole factors in view of the 
rather minimal effects of both these agents upon 
plasma calcium levels (Foster et al., 1966; Birge and 
Avioli, 1969). 

Parathyroid hormone is secreted in response to a 
low Ca*+ concentration in the plasma perfusing the 
parathyroid gland and stimulates mobilization of 
calcium from skeletal reserves. Hernandez et al. 
(1961) found that pancreatitis resulted in a more 
profound hypocalcaemia in dogs that had previously 
undergone parathyroidectomy, and that admini- 
stration of parathyroid hormone reversed this 
tendency. More recently, Klepacki et al. (1975) found 
that parathyroid hormone prevented the fall in portal 
vein calcium levels that was otherwise seen early in 
b course of experimentally induced pancreatitis in 

ogs. 


Using radioimmunoassay, Weir et al. (1975) and 
Norberg et al. (1975) found elevated levels of para- 
thyroid hormone in man and pigs respectively during 
acute pancreatitis. However, Condon et al. (1975) 
found undetectable levels of parathyroid hormone in 
some patients with severe pancreatitis and prolonged 
hypocalcaemia. Our study suggests that parathyroid 
hormone levels may be subnormal in severe pan- 
creatitis. Deficiency of parathyroid hormone could 
well explain why calcium sequestration in areas of fat 
necrosis leads to hypocalcaemia, but there is as yet 
little to indicate why such deficiency should exist, or 
if it is in any way specific to pancreatitis. 
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Book reviews 


Operative Surgery. Eyes 

Edited S. J. H. Miller (General editors Charles Roh and Rodney 
Smith). Third edition. 275 x 200 mm. Pp. 161. Illustrated. 1976. 
London: Butterworths. £12-00. 


SINCE the last edition of this volume, operative ophthalmic 
surgery has changed considerably. Not only have the standard 
procedures become more refined, but quite new techniques, 
such as surgery of the vitreous and the management of diabetic 
retinopathy by photocoagulation, have improved the prospects 
for many who would otherwise have gone blind. 

Most of the 25 contributors to this volume are from London 
and mainly Moorfields trained, but the techniques are 
essentially standard and internationally accepted. The aim is a 
practical one of providing basic information accompanied by 
clear drawings, and the success of the book owes much to the 
latter, done by that master of ophthalmic illustration, Mr 
T. R. Tarrant. 

After the useful opening chapters on local anaesthesia and 
akinesia and on general anaesthesia, the following sections 
deal with the cornea, retina, ocular trauma, cataract, glaucoma, 
neoplasia, eyelids, lacrimal apparatus, strabismus, orbit, 
enucleation, cryotherapy, photocoagulation and finally vitreous 
surgery. 

Included in the above is an excellent section on radiographic 
techniques comprising localization of intraocular foreign 
bodies, dacryocystography and orbital venography. 

More esoteric, and thereby perhaps controversial, sections 
deal with refractive keratoplasty and with corneal and lens 
implants. 

In all, however, this book is a compact, well-illustrated 
refresher course. 

DESMOND GREAVES 


The Treatment of Venous Disorders 
Edited J. T. Hobbs. 225x 155 mm. Pp. 438 -- xci. Ilustrated. 
1977. Lancaster: MTP. £12-50. 


THirty authors have contributed to this new book, bringing 
together the personal views and experience of some of the 
accepted international authorities in the field of venous 
diseases. Hobbs has attempted to present a synopsis of much 
of our present understanding in this field, which remains for 
too many people a confusing group of distinct clinical entitities. 
Twenty-seven chapters have been divided into five sections to 
make up a pleasant, easily readable and nicely illustrated 
volume. 
After a brief section on epidemiology and anatomy, the 
, second section covers investigative procedures using ultrasound 
and flow studies and radiological and isotopic venography. As 
a whole it lacks cohesion, and completeness has been sacrificed 
for simplicity. The reader is left uncertain as to on which 
parameters he should base rational management. Section 
three devotes seven chapters to the treatment of superficial 
varicosities. While occasionally repetitious, it nevertheless gives 
a balanced account of the various surgical and sclerotherapy 
treatment practised in different countries. The section closes 
with an account of the editor’s own trial of surgery or 
sclerotherapy, but readers will doubtless formulate their own 
conclusions from the review as a whole. The next section 
reviews a hotchpotch of topics, including the prophylaxis and 
management of deep vein thrombosis, post-thrombotic 
syndrome, leg ulcers and reconstructive surgery. Three short 
chapters on venules and superficial phlebitis form the final 
section. Throughout the book, chapters conclude with 
adequate references for further reading. This is neither a 
reference work nor a textbook. It successfully reviews current 
clinical practice for the general surgeon and postgraduate 
Student wishing to update his knowledge in this developing 
subject. It should be a popular addition to any library. 
V. V. KAKKAR 


Br. J. Surg. Vol. 65 (1978) 219-220 


Hypoxia and Ischaemia 
Edited Basil C. Morson. 248 x 185 mm. Pp. 190-- iv. Hlustrated. 
1977. London: Journal of Clinical Pathology. £5-00. 


Tuis publication contains papers presented at a symposium 
organized by the Royal College of Pathologists and is essentially 
a series of reviews, beginning with three excellent chapters on 
the physiology of oxygen supply to the tissues and the effects 
of hypoxia. This is one of the best sections. It is followed by 
aspects of pathology on topics such as ischaemia of bone and 
renal ischaemia, but in order to understand fully the implica- 
tions, some background knowledge on the part of the reader 
is required. This criticism applies less, however, to the chapters 
on the pathology of myocardial ischaemia and the responses 
of the splanchnic circulation to ischaemia. 

Aspects of perinatal hypoxia and cerebral hypoxia are also 
considered, and for those wishing for information about this 
symposium, the record is in general a satisfactory one. 

GEOFFREY DOBB 


Anaesthesia for Cardiac Surgery and Allied Procedures 
M. A. Branthwaite. 232x153 mm. Pp. 203--xi. Illustrated. 
1977. Oxford: Blackwell Scientific. £8-25. 


Mosr textbooks on anaesthesia stress the technological side 
and discuss this in relation to the operation rather than the 
underlying disease, but there are some who believe that this 
practice of anaesthesia without a full knowledge of the 
disturbed physiology of disease must sooner or later end in 
disaster. This book supports this principle. 

Following chapters on applied physiology and the sequelae 
of heart disease, the reader is taken through the various 
procedures used in cardiac surgery, the emphasis always being 
on the medical aspects. It is only in the chapter on cardiac 
surgery in the first year of life that more mention is made of 
techniques. Nevertheless, this section, written by David 
Hatch, is still in the same style as the rest of the book and such 
techniques as are described are reported in a clear, practical 
way. The last chapter covers the complications of open heart 
surgery and it is perhaps a pity that this is so short, although 
the most serious complication, that of embolic or ischaemic 
cerebral damage, is particularly well expounded. 

This book presents a balanced account of the thinking 
behind anaesthesia for cardiac surgery. The style is clear, 
although at times so concise that it makes for difficult reading. 
Dr Branthwaite states that the text is intended for those who 
are faced with the practical aspects of the subject for the first 
time, but the book could, with advantage, be read by exponents 
of all the other specialties involved with cardiac surgery, e.g. 
cardiologists, radiologists and paediatricians. A minor 
criticism in an otherwise faultless production is that the 
printing is not up to Blackwell's usual standard; some of the 
illustrations are barely decipherable. 

B. G. B. LUCAS 


Advances in Surgery 
Edited William P. Longmire jun. 220 x 150 mm. Pp. 330 4- xiii. 
illustrated. 1976. Chicago: Year Book. £2185. 


Tut tenth volume in this American series reviews electrocardio- 
graphy, the endocrine system (including pancreatic islet cell 
tumours), gallstones, strictures of the gullet, trauma to the 
urinary tract, cancer of the thyroid and the detection of breast 
cancer. The quality of the articles varies, but is for the most 
part high; references and terminology are almost entirely 
North American and the audience addressed the same. At the 
price this is hardly a good buy, though Fellowship candidates 
might find it useful for occasional reference. 

H. A. F. DUDLEY 
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Costs, Risks and Benefits of Surgery 
J. P. Bunker, B. A. Barnes and F. Mosteller. 225 x 150 mm. 
Pp. 4014- xxii. 1977. London: Oxford University Press. £19-50. 


Tuis book developed from a seminar at Harvard University 
which discussed how to get the most from the resources 
allocated to surgical care. It is a thought-provoking book; it 
examines such problems as the way in which gastric freezing 
was introduced and widely used before any proof of its value 
was available and there is due reference to the waste of money 
in this exercise to say nothing of the effect on the patients. 

There is an interesting chapter on the comparison of elective 
surgery with treatment by a truss in hernia patients aged over 65 
years and it is concluded that a truss is safer. This conclusion 
seems to be related to the changing picture in the past 30 years in 
that thesurgeon is now better able, at least in Western society, to 
reduce the mortality of emergency operations. Other problems 
of interest to the general surgeon are the cost effectiveness of 
cholecystectomy for silent gallstones and the treatment of 
suspected acute appendicitis. 

Much of the material in this book is controversial, principally 
some of the methodology. None of the book is irrelevant. 
Reallocation of resources in relation to patient need is likely to 
dominate clinical practice in the foreseeable future. It might 
be well for British surgeons to start looking at texts such as 
these so that they can perhaps begin to determine the cost 
benefits of their current clinical practice. 

C. G. CLARK 


Textbook of Clinical Anatomy, Volume I: The Thorax, 
Abdomen and Pelvis 

N. J. Grobler. 240 x 165 mm. Pp. 663+ xii. Hlustrated. 1977. 
Amsterdam: Elsevier! North-Holland. US$ 42.95; Dfl. 105. 


Tuis is the first of a two-volume work on clinical anatomy, and 
deals with the thorax, abdomen and pelvis. Much of it is in 
synoptic style and there are numerous illustrations, which are 
mostly simple line drawings supplemented by some photo- 
graphs and X-rays. There is reference to histology, embryology 
and congenital anomalies, and the book lives up to its title by 
including clinical notes on diseases, injuries and developmental 
defects and brief descriptions of operations. 

Students need to be given relevant clinical reasons for 
learning anatomícal details, and there are certainly plenty 
here. For undergraduates perhaps there are too many, and 
they may well be confused by lists of symptoms and clinical 
details but postgraduates will probably appreciate this kind 
of refresher. For books of this nature there will never be 
universal agreement on what to put in or leave out, but this 
compilation is an industrious attempt at integrating preclinical 
and clinical topics, and as such it deserves to be successful. 

R. M. H. MCMINN 


Spinal Disorders: Diagnosis and Treatment 
Edited D. Ruge and L. L. Wiltse. 280 x 215 mm. Pp. 444 4- xiii. 
Illustrated. 1977. London: Kimpton, £29:75. 


AN orthopaedic surgeon and a neurosurgeon have combined to 
edit a definitive book on the spine. It is a monumental achieve- 
ment with a highly commendable objective. The volume 
consists of 43 review articles by 37 contributors of varied 
surgical and medical disciplines. In this lies its strength and 
weakness. Its strength consists in being a ready reference book 
for the surgeon in training; its weakness lies in the very nature 
of this type of compendium, in which almost every aspect of 
spinal disorder is covered by an expert, but no single subject 
can be fully analysed. 

The section on operative approaches, however, does not 
suffer from this defect and is really a book on its own. It 
comprises an introduction and nine separate articles dealing 
with the surgical approaches to the whole vertebral column 
from C1 to S1. It is highly informative and of obvious practical 
help to the operating surgeon. On the other hand, sections like 
that on scoliosis, because they have to be compressed within 
the general contents, are too didactic and brief to be of interest 
other than to a surgical trainee or postgraduate student. 


It is somewhat surprising to find spondylolisthesis classified 
amongst the spinal deformities, and is it not a little passé to 
devote no less than four pages to low back pain of sacro-iliac 
origin, whereas there is only a single line reference to the 
important problem of spinal stenosis? Although it is perhaps 
too easy for a reviewer to find fault in the selection and 
arrangement of material in this type of publication, it is 
difficult to understand how a comprehensive work on spinal 
disorder. published in 1977, can fail to deal with stenosis. 

Both Dr Daniel Ruge as neurosurgeon and Dr Leon Wiltse 
as orthopaedic surgeon have international reputations. How 
instructive it would have been to read their personal analysis 
of the spinal problems with which they have had such a vast 
experience. In general, one begins to wonder whether there is 
still a place for the publication of an expensive hardback 
edition of a set of review articles covering such a very wide 
field. Certainly Spinal Disorders will find a place in the educa- 
tion of the next generation of surgeons, but at £29-75 the place, 
l am afraid, will be almost exclusively on the shelves of an 
endowed library. 

LIPMAN KESSLE 


Recent Advances in Surgery 9 
Edited Selwyn Taylor. 235 x 155 mm. Pp. 450 3- x. Hlustrated. 
1977. Edinburgh: Churchill Livingstone. £11-00. | 


Tuis book maintains the high standard set by previous editions 
of this well-known series. The editor has chosen subjects in 
which new concepts, treatments and techniques have emerged 
with wide applications in surgery. These subjects are presented 
by a strong team who are acknowledged experts in their 
various fields. John Goligher presents a masterly review of the 
treatment of carcinoma of the rectum, which is ably augmented 
by an account of colonoscopy and the endoscopic removal of 
colonic polyps by Christopher Williams. There are excellent 
accounts of the present ideas regarding testicular tumours by 
John Blandy, portal hypertension by John Dawson, parenteral 
alimentation by Ivan Johnston and pancreatitis by de Jode. 
Other chapters are devoted to the surgical management of 
obesity, immunology in surgery, disorders of bleeding and 
clotting, the use of hyperbaric oxygen, the apudomas, the 
surgery of stroke and coronary artery disease, low backache, 
the anterior tibial syndrome and microsurgery, to mention a 
few. For full measure, there are also contributions on SI units 
and surgical education. 

The book is strongly recommended to practising surgeons 
and those working for higher surgical diplomas as an easy and 
authoritative method of keeping them informed of the growing 
edges of surgery. 

A. B. BIRT 


The Hand: Indications and Diagnosis 
Graham Lister. 245 x 185 mm. Pp. 224-- xi. Illustrated. 1977. 
Edinburgh: Churchill Livingstone. £12-00. : 


I FOUND the title of this book rather puzzling. In fact, the 
author considers in great detail the functional anatomy of the 
hand and the effect of injury and disease upon its use. 

Clearly in the diagnosis of injury or disease, careful clinical 
examination is required of all structures. This is dealt with 
admirably in the text and helped by clear diagrams and 
photographs. 

Principles of treatment rather than details are indicated. In 
no sense is this a book of operative surgery to which the reader 
might turn for details of technique. Perhaps this is one of its 
greatest merits. Although there are many monographs 
devoted to surgical technique few if any are solely concerned 
with clinical examination. This approach stimulates the 
logical interpretation of clinical findings and provides a sound 
basis for the choice of treatment. 

I have no doubt that everyone concerned with the practice 
of hand surgery, whether their experience be great or small, will 
benefit from reading this book. As one would expect, knowing 
the publishers, the production is excellent and the price 
reasonable. 

DONALD BROOKS 
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Debrisan dud k c I castor be confined to the treatment of 
IS a registered trade mark. " le Sees 
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Pharmacia (Great Britain) Ltd., 
Paramount House, 
75 Uxbridge Road, 


London W55SS. i 
Telephone: 01-579 0102/7 Pharmacia 
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about IV feeding... 


intralipid and Vamin provide all the calories, all the essential fatty acids 


and all the nitrogen required for anabolism and recovery. 
In addition there is now a range of additives specially tailored 
wo meet the other nutritional requirements - vitamins, electrolytes and 
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the only nutritionally-complete recovery builders. 


INTRALIPID* 10% 
INTRALIPID* 20% 


Presentation 

A milky-white oil in water emulsion 
Intralipid contains fractionated soya 
oil 10% or 20% emulsified with fracti 
egg lecithin at pH 7. It also contains 
glycerol 


Indications: Intralipid fat emulsions a 
indicated in conditions of severe der 
requiring also a high energy intake t« 
compensate for excessive loss of ca 
following trauma, infection, fever, bu 


Dosage and Administration 
500-1,500ml. daily in conjunction wi 
intravenous amino-acids are adminis 
slow intravenous infusion 


Infant dosage: Intralipid 10% or 20% 
15-20ml. per kg. body weight in 24 F 


Contra-indications 
Intralipid is contra-indicated in patha 
hyperlipaemia and severe liver dam 


Pharmaceutical Precautions 
No drugs should be added to Intrali 
to or during infusion 


Package Quantities 
Intralipid 10%: 100ml. and 500ml 
Intralipid 20%: 100ml. and 500ml 


NHS Price: 
£2.75, £6.50 
£3.95, £9.55 


Intralipid 10% Product Licence 002 
Intralipid 20% Product Licence 00: 


VAMIN* GLUCOSE 


Presentation 

Clear, straw-coloured solutions for ir 
venous use containing all essential c 
acids, and a balanced mixture of nor 
amino-acids in each 1,000ml. (pH 5. 
Carbohydrate, as glucose (100g/1), hé 
added as an energy source. Electrol 
present, but these may need supple 
according to patient needs 
Nitrogen per litre: 9.4g. correspondi 
about 60g. of first-class protein. Cali 
content per litre: 650 Kcal., of which 
are provided by glucose 


Uses 

Vamin Glucose ts indicated in condit 
protein depletion where oral or intra 
feeding is impossible or impracticab 


Dosage and Administration 
Depending on the individual protein 
ment, 0.5-2.0 litres intravenously pe 


Infant dosage: 30-40ml. per kg. boc 
weight in 24 hours 


Contra-indications, Warnings, et 
irreversible liver damage and'severi 
uraemia when dialysis facilities are 
available. Care should be taken whe 
administering this solution to diabe! 
patients 


Side effects: As with all hypertonic i 
solutions, thrombophlebitis may oc 
peripheral veins are used 


Package Quantities 
Bottles of 100ml., 500ml. and 1,00C 


NHS price: 
£2.50, £6.75, £12.50 


Product Licence 0022/0030 


* Additives contain 
electrolytes, trace elements, 
fat soluble vitamins and 
water soluble vitamins for 
adults and children. 


KabiVitrum 


Full prescribing information ıs avail; 
KabiVitrum Ltd., Bilton House, 
Uxbridge Road, Ealing, London W5 
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In our latest range of endoscopes, 
we have done more than merely 
incorporate improvements. 

We have acknowledged the 
basic fact that not everyone wants 
the same control system. 

Some prefer the single lever 
Joy-stick'. Others the two-wheel 
rachet configuration. 

So both systems are available 
on the new FX and TX ranges. 
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colour. Full colour, 
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It was not 

difficult to 
recognise you 
wanted the choice. 
But it took ACM 
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rates on application 


Copy Date Two months preceding 
publication date 
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ACM ENDOSCOPY LIMITED 
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IS yours. 










ACM 
Endoscopy 
offers: 


A bright, clear, circular image. 





Adaptors available to fit most other 
light sources. 





An efficient service organisation, always 
available. 





The finest range of endoscopes and 
accessories, constantly being 
improved and expanded. 


When you are 
presented with 

the choice of ACM 
or other instruments 
you can confidently 
choose ACM. 


And, of course, two 
control systems. 


Scope for choice 


ACM ENDOSCOPY LIMITED 
7 Beeches Avenue, Carshalton Beeches, 
Surrey SM5 3LB Telephone: 01-647 6671 
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CIRCULATION 
OF THE 
BLOOD 


Edited by 
D. GERAINT JAMES 


The 400th anniversary of the birth 
of William Harvey gives rise to this 
unique volume. It provides an up- 
to-date account of new methods 
for the investigation and treatment 
of the circulation of the blood in 
all systems of the body. The latest 
techniques and treatments — some 
not yet published - are included. 


Contributions are by international 
experts of high eminence. 
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Cardiothoracic Surgery 
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OPERATIVE SURGERY has a place unique in medical literature and surgeons throughout the 
world have come to value the simple, clear, concise and elegant presentation of this wealth of 
material. 

The busv surgeon called upon to perform a variety of operations has at his fingertips the 
experience and technique of the foremost surgeons of today and the operations described are 
those in use in leading hospitals and clinics throughout the world. The clarity of textual 
presentation will enabie the vounger surgeon and student to grasp the most advanced elements. 
The years since the last edition, Thorax, have seen many significant advances in Cardiothoracic 
Surgery and in this new edition the editor, Mr. Jackson, combines with a team of eminent 
specialists to provide an authoritative and up-to-date account of the simple as well as the more 
complex procedures encountered in everyday practice. The pulmonary section has been revised 
and expanded to take in important new contributions on post-resection empyema, infected 
pneumonectomy space and bronchopleural fistula, and the oesophageal chapters reflect the 
trend towards safe reconstruction and replacement with particular emphasis on the problems 
of prevention of oesophageal reflux, and alternative methods in the management of its 
complications. 

However, the outstanding feature of this volume is undoubtedly the cardiac section which 
describes the operations currently employed for the total correction and complete repair of 
congenital and adult heart disease. 


CONTENTS 

CARDIAC SURGERY.(1) GENERAL PROCEDURES. (2) CONGENITAL HEART DISEASE. 
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SURGERY. OESOPHAGEAL SURGERY. INDEX. 


512 pages 276x219 mm Profusely illustrated ISBN 0 407 006044 £42.50 US $85.00 


Volumes in the Series: A hdomen. Accident Surgery. Cardiothoracic Surgery. Colon, Rectum 
and Anus. Ear. Eyes. General Principles, Breast and Hernia. Gynaecology and Obstetrics. Hand. 
Head and Neck. Neurosurgery. Nose and Throat. Orthopaedics. Paediatric Surgery, Plastic 
Surgery. Urology. Vascular Surgery. 
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..Including Sauvage Filamentous prostheses - with exclusive differential degree of 
nternal and external velour to provide the most satisfactory trellis for tissue 
n-growth; Debakey Vasculour-D -fully texturized with reference line; 
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Cushing's syndrome: 20 years after adrenalectomy 
D. A. D. MONTGOMERY AND R. B. WELBOURN* 


SUMMARY 

The long term results (over 20 years) of our first 13 
patients treated by adrenalectomy for Cushing's 
syndrome are described. Twelve survived operation and 
5 of these died within 5 years, but thereafter the 
expectation of life of the treated patients was similar to 
that of the general population. At 20 years 7 patients 
were alive and 6 were well. If modern therapeutic 
measures to control adrenocortical function before 
operation had been available 20 years ago, some of the 
early deaths might have been prevented. 


PATIENTS with pituitary-dependent Cushing’s syndrome 
are being treated in various ways in different centres. 
External irradiation of the pituitary with a proton 
beam, internal irradiation with yttrium or gold, drug 
therapy, especially with metyrapone, and other 
methods and combinations of methods all have their 
advocates. The first effective method of treatment was 
bilateral adrenalectomy, which became possible after 
the introduction of cortisone in about 1950, and it is 
now possible to assess its long term effects. It is 
important to report these results as a basis against 
which the outcome of the newer forms of treatment 
can be assessed. 

There are few reports of long term results in 
complete series of patients with Cushing’s syndrome 
treated by adrenalectomy. In 1957 the present 
authors reported the initial findings and early results 
in the first 13 patients we treated (Montgomery and 
Welbourn, 1957), and published in 1971 the results at 
15 years in the first 60 (Welbourn et al., 1971). At that 
time 6 of the first 9 were alive and well. We describe 
here the results at 20 years or more in the first 13 
patients. The case numbers are the same as those in 
the previous papers. 


Patients and initial treatment 

There were 2 men and 11 women whose ages ranged from 15 to 
53 years. Two (Cases 1 and 4) had minimally enlarged pituitary 
fossas and were treated initially by external pituitary irradiation 
with 2500 rad, without obvious effect. All 13 were operated on 
between 1953 and 1956. Twelve, including the 2 who had 
pituitary irradiation, were treated by subtotal adrenalectomy 
(total removal of one gland, usually the right, and subtotal 
removal of the other in two stages) and 1 had a benign adenoma 
removed without exposure of the other gland. 


Results 
General 
The general results of operation at 20 years are shown 
in Table 1. Three patients died within a few months, 


17 


before remission was complete. The remainder 
enjoyed full remissions for varying periods; 3 of them 
died, but 7 survived the 20 years. At the time of 
review, 6 were in good health but 1 (Case 1) had an 
invasive pituitary tumour and had only 1 more year to 
live. All but one (Case 11) of the deaths were attribu- 
table to Cushing's syndrome, its sequelae or attempts 
to treat it. 


Table 1: GENERAL RESULTS OF ADRENALECTOMY 
20 YEARS AFTER OPERATION 


Age at Duration of 
Sex Case no. operation survival Cause of death 
Died (n=6) 
F 13 48 2d Unknown 
M 5 50 4 mth Congestive cardiac 
failure 
F 6 40 5 mth Adrenal crisis? 
Myocardial infarct ? 
F 7 15 3 yr Ruptured pituitary 
tumour 
F 11 43 4 yr Meningococcal 
meningitis 
F 10 53 13 yr Myocardial infarct 


Survived (n= 7) 
| case (M, 21 yr) with Siebenmann-Nelson syndrome 


6 cases in remission 
NT AAC TELE Iit eris A TTA i£ Hr a aid three it Y Rare VEA HH HH rrr c 


Table H: PITUITARY TUMOURS 


No  Siebenmann-Nelson 
complications syndrome Total 
Presumed initially 1 (Case 4) 1 (Case 1) 2 
Apparent only 2(Cases 10. 2(Cases 7 and 11) 4 
after adrenal- and 13) 
ectomy 
Total 3 3 6 





Pituitary tumours 

Pituitary tumours, whose presence had been presumed 
initially in 2 patients, became apparent later in 4 
others (Fig. 1, Table II). In 2 they were small (micro- 
adénormás) and found at autopsy, onë (Case 13) 2 days 
and the other (Case 10) 13 years after adrenalectomy. 





* D. A. D. Montgomery, Professor of Endocrinology, Queen's 
University, Belfast; Metabolic Department, Royal Victoria 
Hospital, Belfast. R. B. Welbourn, Professor of Surgery, 
Department of Surgery and Royal Postgraduate Medical 
School, Hammersmith Hospital, London. 

Correspondence to: D. A. D. Montgomery. 
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Fig. 1. Known pituitary tumours in the present series. 
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Fig. 2. Survival of patients with Cushing's syndrome treated by 
adrenalectomy compared with survival among the general 


population. 


Table HI: REPLACEMENT THERAPY AND 
RECURRENCE IN 11 PATIENTS SURVIVING 


SUBTOTAL ADRENALECTOMY 
Recurrence of 


Cushing's 

Replacement therapy syndrome 
None 2 
Permanent Ü 
Total 2 


No 
recurrence Total 
5 7 
4 4 
9 if 


Table IV: MEAN BLOOD PRESSURES (mmHg) 
BEFORE AND AFTER ADRENALECTOMY 


Before operation 


Systolic Diastolic 
All patients 189 123 
(nz 13) (160-235) (105-140) 
Patients surviving 178 121 
6 mth (nz: 10) (160-210) (105-140) 
Patients surviving 175 125 
20 yr (n= 7) (170-180) (105-140) 


Systolic 


Latest reading 


merve. pemean 


140 85 
(105-180). (70-110) 
145 90 
(110-180) (70—110) 


detected only 


Diastolic 


Three patients developed the Siebenmann-Nelson 
syndrome* (Montgomery et al, 1959). One (Case 11) 
was treated successfully by surgical hypophysectomy 
3 years after adrenalectomy, only to die from 
meningococcal meningitis a year later. In the other 2 
(Cases 7 and 1), the pituitary tumours became 
invasive and caused death 3 years and 21 years after 
adrenalectomy. Both were diagnosed late. The 
syndrome was not generally recognized when the first 
patient (Case 7) developed pigmentation. In the other 
(Case 1) the onset was delayed for 18 or 19 years and 
coincided with a period when civil strife in Northern 
Ireland prevented the patient from attending the 
follow-up clinic for 3 years. With earlier diagnosis and 
treatment, both might have survived. In one patient 
(Case 4), presumed to have had a pituitary tumour 
which was irradiated initially, there has been no 
further trouble during 23 years’ observation. 


Adrenal function 

Of the 11 patients who survived subtotal adrenal- 
ectomy, 7 were weaned off cortisone replacement at 
first, but the syndrome recurred in 2 of them (Table 
HI). One (Case 2) had a recurrence after 6 years, but 
went into remission again without replacement treat- 
ment after an unsuccessful surgical attempt to find and 
remove an adrenal remnant. The other (Case 1) had a 
florid recurrence 11 years after pituitary irradiation 
and subtotal adrenalectomy. After removal of an 
8-g adrenal remnant he enjoyed another remission 
until the pituitary tumour caused trouble 7 or 8 years 
later. 

Adrenal function in the long term survivors, 4 of 
whom are not on replacement treatment— 3 with 
adrenal hyperplasia (Cases 2, 4 and 8) and 1 with an 
adrenal adenoma (Case 9)--seems sufficient when 
plasma cortisol and urinary free cortisol values 
are measured. However, investigation of their 
hypothalamic-pituitary-adrenal axis shows impaired 
adrenocortical functional reserve (Kennedy et al., 
1978). Those with adrenal hyperplasia have all 
required temporary steroid replacement for stressful 
events (infections and childbirth). 


Sexual function 

Menstrual function recovered in all in whom it had 
been affected. Three of the women (Cases 3, 4 and 8) 
could be expected to conceive and all of them did so, 
having 6 pregnancies and 5 live births between them. 
The man who survived (Case 1) had fathered a child a 
year before adrenalectomy; libido and sexual function 
recovered but his wife did not become pregnant again. 


Blood pressure 

The mean blood pressures and ranges of the 13 
patients before operation and the latest readings for 
the 10 who survived 6 months and the 7 who lived for 
20 years are shown in Table IV. Three long term 
survivors, aged 62, 47 and 66 years, are on anti- 
hypertensive treatment. In the first patient (Case 2) 
the pressure fell after adrenalectomy but never 
became normal, and treatment with a thiazide 
diuretic was started after 19 years. Another patient 
(Case 8) had a preoperative blood pressure of 175/ 
130 mmHg which returned to normal after operation, 


* Hyperpigmentation and the radiographic or other demon- 
stration of a pituitary tumour developing after adrenalectomy 
for Cushing's syndrome. 


but she developed hypertension during her only 
pregnancy and her blood pressure remained elevated 
thereafter. The third woman (Case 9) had been 
normotensive for many years after removal of an 
adrenal adenoma, but her blood pressure started to 
rise again as she grew older. 


Discussion 

The test of treatment is the difference, if any, that it 
makes to the life expectancy of the patient and to the 
quality of life. In a previous report (Welbourn et al., 
1971) we concluded that the proportion of patients in 
remission after 2 years was four times greater than in 
an earlier series reported by Plotz et al. (1952). 
Table V and Fig. 2 show how these 13 patients 
compared with the expected survival rates of in- 
dividuals of the same sex and age in the general 
population, calculated from the life tables of the 
Registrar-General of Northern Ireland (1957). Time 
is divided into intervals of 5 years and deaths taking 
place during these intervals are recorded. The last 
column in Table V shows the percentage survival of the 
patients compared with the general population. It can 
be seen that their expectation of life was much less 
than normal, especially in the first 5 years after 
adrenalectomy. Thereafter, the fall was roughly 
parallel with that of the general population. 

The causes of death in those dying after adrenal- 
ectomy are shown in Table I. Today we would hope to 
achieve better results; many, but not all, patients with 
Cushing's syndrome are recognized and referred for 
treatment earlier and effective drugs (metyrapone, 
bromocriptine, cyproheptadine and metergoline) are 
available to control adrenocortical hyperfunction in 
florid cases before operation. The dangers of the 
Siebenmann-Nelson syndrome are more fully under- 
stood and fatalities from this complication are now 
unusual. 

It is of interest that one patient (Case 1) developed 
an invasive pituitary tumour 18 or 19 years after 
adrenalectomy despite external irradiation (2500 rad) 
to the gland before operation. Possibly this dose was 
too low to arrest growth of the tumour. However, the 
view that irradiation of the pituitary before adrenal- 
ectomy, even in higher doses, may prevent the 
subsequent development of the Siebenmann- Nelson 
syndrome (Orth and Liddle, 1971; Liddle, 1974) is not 
Supported by Moore and his colleagues (1976). Two of 
their patients who had had prior external irradiation 
(5000 and 3000 rad 3 years and 1 year respectively) 
before adrenalectomy developed pituitary tumours 
12 and 13 years later. It is possible that pituitary 
irradiation in our patient and in the 2 reported by 
Moore et al. (1976) delayed but did not prevent the 
development of tumour growth. 

Finally, should adrenalectomy be subtotal or total? 
For the former it can be argued that those who 
achieve independence of steroid replacement can live 
normal lives without hydrocortisone, except in the face 
Of stress. However, our examination of the hypo- 
thalamic-pituitary-adrenal function of the untreated 
survivors shows that recovery does not take place and 
that functional reserve remains impaired. With total 
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Table V: LIFE TABLE OF 13 PATIENTS TREATED 
FOR CUSHING'S SYNDROME | 

Surviving Patients as 


Surviving general percentage 

No. of No.of patients populace of general 

Years patients deaths y^ v^ population 
0-5 13 5 61:5 98-5 62:4 
5-10 8 0 61-5 96-2 63.9 
10-15 8 1 538 93-0 58.8 
15-20 7 0 53-8 88.1 611 
20-25 7 I 46:1 81:1 56:8 





adrenalectomy the need for permanent replacement is 
accepted from the onset. There is no risk of recurrence 
(which occurred in two of our patients) and there are 
no difficulties over the withdrawal of hydrocortisone. 
For these reasons, we have long since abandoned the 
operation of subtotal adrenalectomy for patients with 
adrenal hyperplasia. 

Taking all these factors into consideration, we 
believe that the prognosis for a patient with Cushing's 
syndrome treated by adrenalectomy today should not 
fall far short of his or her natural life expectancy. 
Some people are suggesting that adrenalectomy is no 
longer indicated for the definitive treatment of 
Cushing's syndrome and that it should only be used 
when other methods fail. Our experience leads us to 
regard it still as the best form of treatment in the 
majority of cases and to suggest that drug therapy 
(and possibly pituitary irradiation) should be used 
only as complementary measures. 
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Inhibition of aldosterone response to surgery 


by saline administration 


A ENGQUIST, M. BLICHERT-TOFT, K. OLGAARD, M. R. BRANDT AND 


H. KEHLET* 


SUMMARY 

The renin-angiotensin system, ACTH and hyper- 
kalaemia are known to induce increased plasma levels 
of aldosterone. In order to assess the relative significance 
of these mechanisms during surgical stress, aldosterone, 
cortisol and electrolytes in plasma were measured 
in 12 otherwise healthy women during and after 
cholecystectomy. The patients received either isotonic 
sodium chloride or 5 per cent glucose in water during the 
experimental period of 22 h. 

The results showed that the pronounced increase of 
aldosterone and the concomitant decrease of sodium in 
plasma found in patients given glucose in water could 
almost be inhibited by the administration of saline. 
Cortisol and potassium concentrations were identical in 
the two groups of subjects. 

It is concluded that the aldosterone response to 
surgery is mainly mediated via the renin-angiotensin 
system. This response is probably due to a reduced 
sodium content or volume of extracellular fluid, since it 
could almost be inhibited by administration of sodium 
chloride. The rationale of saline restriction during and 
after surgery is questioned. 


IT is well established that plasma aldosterone concen- 
trations are elevated during and after surgical stress 
(Hume et al., 1962; Zimmermann, 1965; Oyama et al., 
1973; Bailey et al, 1975; Hackl and Skrabal, 1975; 
Wernze et aL, 1975). However, the nature of the 
stimulus elicited by anaesthesia and surgery is un- 
certain. A variety of mechanisms are known to 
induce increased plasma levels of aldosterone. These 
include the renin-angiotensin system, ACTH, sodium 
deficiency and hyperkalaemia. However, the relative 
significance of the role of these mechanisms during 
anaesthetic and surgical stress remains to be elucidated. 

The purposes of this study were (a) to determine 
whether the aldosterone response to a standardized 
surgical stress could be modified by the administration 
of isotonic sodium chloride during surgery and for 
20h postoperatively and (6) to assess some of the 
mechanisms involved in the aldosterone response to 
surgery. 


Patients and methods 

Twelve otherwise healthy women undergoing elective chole- 
cystectomy were studied. None of the patients suffered from 
cardiovascular, renal, hepatic or hormonal diseases nor was 
any of them receiving any medication, including hormonal 
contraceptives. Informed consent was obtained from all 
patients. 

The subjects were randomly allocated to one of two groups 
receiving either isotonic saline or 5 per cent glucose in water 
during the experimental period of 22 h. 

After premedication with pethidine 50-75 mg and atropine 
0-5 mg subcutaneously, anaesthesia was induced intravenously 
between 8.30 and 9.00 a.m. with a solution containing dehydro- 
benzperidol 7.5 mg, fentanyl 0-15 mg and pancuronium 
bromide 6 mg, followed by thiopentone 125-175 mg. After 
endotracheal intubation anaesthesia was maintained with a 
2:1nitrous-oxide-oxygen mixture. Fentanyl and pancuronium 


bromide were given when necessary and pulmonary ventilation 
was controlled manually in a circle system. 

Each patient received 10 ml kg-! h~? during the first 2 h and 
2 mi kg h~! during the following 20h of either saline or 
glucose in water. Additionally, each millilitre of blood loss, 
including the 180 ml of blood used for analysis, was replaced 
by 2-5 ml saline or 5 per cent glucose in water. No fluids were 
given orally. Blood or blood substitutes were not given. If 
surgical bleeding (as judged from weighing sponges and swabs) 
exceeded 200 ml the patient was excluded from the study. All 
the operations were performed by the same surgeon. 

Arterial blood pressure and heart rate were recorded every 
fifth minute during anaesthesia and at regular intervals after 
operation. The blood pressure was always recorded at the time 
of blood sampling. 

Blood was drawn for measurements of aldosterone and 
cortisol 10 and 5 min before induction of anaesthesia, just 
before skin incision and 30 min, 1, 2, 4, 6, 9, 13, 18 and 22 h 
after skin incision. Additionally, blood was analysed for 
sodium, potassium, creatinine and haemoglobin at regular 
intervals. 

The plasma aldosterone concentration was measured by a 
radioimmunoassay method (Olgaard, 1975). Cortisol in plasma 
was measured by a competitive protein-binding technique 
(Kehlet et al., 1974) and electrolytes in plasma were determined 
on a routine autoanalyser. 

Statistical analysis was performed using the Friedman test 
for paired data and the Mann-Whitney test was used to 
compare results between groups. P<0-05 was considered 
significant. 


Results 

Table 1 shows that the patients in the two groups 
studied were comparable with regard to age, body 
weight, duration of surgery, blood loss and infused 
volumes of fluids. However, the diuresis was signifi- 
cantly larger in the group of patients treated with 
glucose in water (P « 0-02). 


Aldosterone 

No difference was found between the initial values in 
the two groups of patients (Fig. 1). Induction of, 
anaesthesia resulted in an insignificant increase, but 
after skin incision, a pronounced increase was seen in 
both groups of patients. In the saline-treated group the 
mean peak value was seen 30 min after skin incision. 
From this time onwards a gradual fall was observed 
until the initial level was regained between 6 and 9 h 
after skin incision. During the remaining 13 h of the 
study the aldosterone concentrations were within 
preoperative levels and varied insignificantly. In the 
glucose-treated group, however, aldosterone levels 
increased progressively, reaching a plateau between 2 
and 6h after skin incision. Subsequently, the mean 
aldosterone concentration fell to a level about twice 





* Department of Anaesthesiology and Department of Surgery 
D, Herlev and Glostrup Hospitals. Medical Department P, 
Division of Nephrology, and Department of Anaesthesiology, 
Rigshospitalet, Copenhagen, Hvidere Hospital, Denmark. 
Correspondence to: A. Engquist, Herlev Hospital, Department 
of Anaesthesiology, Herlev Ringvej, DK 2370, Herlev, 
Denmark. 
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Table 1: OBSERVED VALUES IN 12 PATIENTS UNDERGOING CHOLECYSTECTOMY 





Body Duration of Total fluid 
Age weight surgery Blood loss volume infused Diuresis 
Treatment (yr) (kg) (min) (ml) (mI) (ml) 
Sodium chloride (n = 6) 35-5 58-9 115-8 125-0 4160-0 1430-0 
429 +1:3 dii 4:203 176-0 4382.4 
Glucose in water (n — 6) 30:8 63-9 98-3 138-3 4571-7 2091-7* 
+33 435 +62 +116 4:217-6 4-360-4 
* Significant difference between groups (P 0:02). 
All values are mean and s.e. mean. 
the control level. The difference between aldosterone pmol/l , 
concentration in the two groups of patients was highly | 
significant (P « 0-01) during the last 18 h of the study. n- 9 glucose in water (n= 6) 
1250 7 0:99, NaCl (n= 6) 


Cortisol | 

Levels increased markedly in both groups of patients, 
reaching a maximum 4 h after skin incision (Fig. 2). 
Subsequently, the cortisol concentrations decreased 
towards a plateau of about 500 nmol/l. The difference 
between the groups was insignificant. 


Sodium and potassium 

Sodium concentrations in plasma decreased from 
141-0: 0.9 mmol/l (mean +s.e. mean) to 1388+ 
0-8 mmol/l (P « 0-05) in the saline group. In the group 
given glucose in water the mean concentrations fell 
from 137-7 * 0-9 mmol/l to the lowest mean value of 
127-8 €: 0-8 mmol/l 13 h after skin incision (P 0-01). 
The difference between the groups was highly signifi- 
cant (P « 0-01). 

Potassium concentrations in the saline group 
varied from 4-1 £ 0-1 mmol/l to 3-9:£ 0-1 mmol/l at 
the end of the study, with the lowest value of 37+ 
0:1 mmol/l occurring 1 h after skin incision (P « 0:05). 
In the glucose in water group the same pattern was 
observed, with a decrease from an initial mean 
potassium concentration of 40-01 mmol/l to 
3:7 X0 mmol/l (P«0-02). The difference between 
the groups was significant at 1 h after skin incision 
(P «0-05). 

In addition, blood samples were analysed for 
haemoglobin and creatinine. Haemoglobin levels 
decreased insignificantly from 8:1:- 0-02 mmol/l to 
7:5 X 0-2 mmol/l in the saline-treated group. A slight, 
but significant (P « 0-05) decrease from 8:4 + 0-3 mmol/l 
to 8:0 0-3 mmol/l was seen in the glucose-treated 
subjects. The difference between the groups was 
insignificant. Creatinine in plasma decreased to an 
insignificant extent from 72-5 € 4-4 umol/l to 60-14 
44 umol/l in the saline-treated patients and from 
68:1::5:3 umol/] to 54-8t4-4 umol/ll in glucose- 
treated subjects (P<0-05). No significant difference 
was found between the groups. 

Mean arterial blood pressures were stable and 
similar in both groups except for a small difference 
(P«0-05) 30 and 60 min after skin incision, where 
mean arterial blood pressures were higher in the 
glucose-treated group (115-5-- 5:8 mmHg and 112-3 + 
4:6 mmHg, respectively, versus 91:2 + 5-5 mmHg and 
96-0 -- 4-3 mmHg in the saline-treated group). 


Discussion 

It is well documented that surgery is associated with an 
increase in the adrenal production of aldosterone. 
The mechanisms involved in the release of aldosterone 
during surgery, however, have not been uniformly 
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Fig. 1. Mean plasma aldosterone concentrations (--s.e. mean) 
in 12 patients treated with 5 per cent glucose in water or 
isotonic saline during and after cholecystectomy. Asterisk 
denotes significant difference between the groups (P« 0-01). 
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Fig. 2. Mean plasma cortisol concentrations (--s.e. mean) in 
12 patients receiving either 5 per cent glucose in water or 
isotonic saline. The difference between the groups was 
insignificant. 


clarified. Three main factors could be responsible for 
this hypersecretion during surgical stress: the renin- 
angiotensin system, ACTH and potassium. 
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Fig. 3. Mean sodium (top) and potassium (bottom) concentrations (--s.e. mean) in 12 subjects 
receiving either 5 per cent glucose in water or isotonic saline during and after cholecystectomy. 
Sodium levels differed significantly (P 0-01) between the groups. Potassium levels differed only 


at 1 h after skin incision (P « 0:05). 


The present study was designed to evaluate indirectly 
the role of the renin-angiotensin system by measuring 
aldosterone in plasma with and without saline 
administration during surgical stress. The results 
suggested that the renin-angiotensin system plays the 
predominant role in provoking the hyperaldosteronism 
during surgery, since administration of sodium 
chloride almost inhibited the increase of aldosterone 
seen in patients receiving glucose in water only. 
ACTH and potassium could be excluded as having a 
major role in this context, since plasma cortisol and 
potassium levels were nearly identical in both groups 
of patients. These findings are in accordance with the 
results of Shizgal et al. (1977), who found an inhibition 
of the aldosterone secretion rate after saline adminis- 
tration during surgery. However, these results are 
contrary to those of Hackl and Skrabal (1975), who 
could not prevent the per- and postoperative increase 
of aldosterone in plasma by administration of 
360 mmol of sodium which was consequently retained. 
The claim for a predominant role for the renin- 
angiotensin system during surgery is further sup- 
ported by Robertson and Michelakis (1972), who 
found lower plasma renin activity levels during 
surgery as a result of increasing fluid administration 
(NaCl-dextrose, otherwise unspecified). 

The mechanisms leading to increased renin, and 
thereby aldosterone, secretion during surgery may be 
catecholamines, hypovolaemia, hyponatraemia or 
reduction of the functional extracellular fluid volume, 
factors known to stimulate renin release. Since the 
magnitude of surgical stress, the infused volumes of 
fluids and the blood loss were identical in the two 
groups of patients studied, it seems unlikely that 
catecholamines and hypovolaemia could be respon- 
sible for the exaggerated aldosterone response in the 
patients receiving glucose in water. 

Hyponatraemia in the glucose-treated patients 
could explain the elevated aldosterone concentrations 


in these subjects. However, observations relating 
plasma renin activity to sodium concentration are 
obscured by a concomitant alteration in extracellular 
fluid volume and perfusion pressure (Brown et al., 
1965). It is likely that changes in distal tubular sodium 
delivery act as a stimulus to renin release independently 
of perfusion pressure (Bull et al., 1970). However, it is 
uncertain whether decreased (DiBona, 1971) or 
increased (Thurau et al., 1972) sodium concentration 
in tubular fluid stimulates the macula densa leading to 
the release of renin. 

Although the greater reduction in sodium concen- 
trations in one group of patients in the present study 
was probably caused by dilution with intravenous 
isotonic glucose, serum sodium levels fell—albeit to a 
small degree—even when sodium chloride was 
administered. Singh and Flear (1968) found serum 
sodium concentrations to decrease during and 
following surgery. This decrease could not be ac-+ 
counted for by variations in gains or losses of water 
and electrolytes, suggesting disturbances in cell 
membrane permeability. A leakage of sodium and 
water into cells would consequently reduce the 
extracellular fluid volume (Shires et al, 1961; Flear 
and Singh, 1973) and hence stimulate aldosterone 
secretion. If isotonic glucose is administered under 
such circumstances, the osmolality in extracellular 
fluids would fal. This fall may lead to decreased 
secretion of ADH and consequently increased 
diuresis, as seen in the glucose-treated patients in the 
present study. Water would shift from extracellular 
fluids into cells and thereby further increase aldosterone 
secretion. Our observations, however, in no way 
exclude the presence of other, as yet unidentified, 
sensitizing mechanisms. 

Although the aldosterone response was clearly 
inhibited in saline-treated patients, an early transitory 
increase of plasma aldosterone was observed. This 
initial elevation of aldosterone levels may reflect a 


sodium-independent activation of renin release by 
afferent neurogenic impulses or catecholamines. 
Furthermore, this initial increase of plasma aldosterone 
could be mediated by ACTH, which has a stimulatory 
effect on plasma aldosterone (Nicholls et al., 1975). An 
anaesthetic stimulation seems unlikely, since the 
aldosterone concentrations in plasma varied insignifi- 
cantly during the 20-30-min period before skin 
incision. This is supported by Robertson and 
Michelakis (1972), who found no significant change 
in plasma renin activity in response to 15 min of 
general (halothane) or spinal anaesthesia. However, 
Wernze et al. (1975) found increased plasma renin 
activity during halothane anaesthesia, but without a 
concomitant increase in aldosterone levels during 
surgical manipulations (ear operations). 

The present study has confirmed an aldosterone 
response during surgical stress. Furthermore, the data 
suggest that the increased aldosterone secretion during 
surgery is mainly due to a reduced sodium content or 
volume of extracellular fluid since the response could 
almost be inhibited by the administration of 0-9 per 
cent sodium chloride. These results question the 
rationale of saline restriction during and following 
surgery. 
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Morbidity and mortality in renal transplant patients 


after incidental surgery 


M. BAKKALOGLU, D. N. H. HAMILTON, S. G. MACPHERSON AND J. D. BRIGGS* 


SUMMARY 

Sixty-five further surgical procedures were carried out 
in 39 renal transplant patients without mortality and 
with low morbidity. There was a 9 per cent incidence of 
clean wound infection, and minor chest infection 
occurred in another 9 per cent. Stay in hospital for 
these procedures was not prolonged. The function of the 
transplanted kidney showed no deterioration after these 
further. surgical procedures. The successfully trans- 
planted patient is thus a good candidate for further 
surgery despite the previous renal failure and the 
continuing immunosuppressive therapy. 


SUCCESSFULLY transplanted renal failure patients often 
require further surgery (Hirsche and Woods, 1974; 
Leapman et al, 1976), not only for the surgical 
problems related to transplantation and immuno- 
suppression, but also for unrelated surgical conditions. 
Increased morbidity and mortality might be expected 
as a result of the patients’ previous renal failure and 
continued immunosuppressive therapy. There could 
also be risk to the transplanted kidney, and these 
complications might in turn influence the indications 
for surgery. Study of the response of these patients to 
further surgery is of importance in view of the 
increasing number of successfully transplanted patients 
in the population and the likelihood that they will 
present for emergency or elective surgery to centres 
other than their own. 

We have studied the results of further surgery in all 
recipients of renal allografts in the Transplant Unit of 
the Western Infirmary during the past 7 years. Only 
procedures carried out in patients with a successful, 
life-sustaining kidney transplant are included in this 
review. 


Patients and methods 

A total of 118 patients (43 female, 75 male) underwent 132 
kidney transplants between January 1968 and December 1975. 
Of these, 39 patients had 65 additional surgical procedures 
carried out under general anaesthesia during the life of their 
transplanted kidney. (Minor surgical procedures such as 
endoscopy and dental surgery were omitted from this study.) 
Cadaver transplants had been used in 112 patients while in the 
remaining 6 the kidneys were from parents or siblings. 

The operative technique and postoperative management 
have been described previously (Bell et al., 1972). Bilateral 
nephrectomy was carried out before transplantation for 
ureteric reflux, persistent bacteruria, polycystic kidneys or un- 
controllable hypertension. Prophylactic peptic ulcer surgery 
was carried out before transplantation if an ulcer was found by 
barium studies or by endoscopy. During the transplant 
operation the spermatic cord was cut to allow access to the 
iliac vessels. 

At the time of the subsequent operation, the prednisolone 
dose varied between 60 mg/d and 15 mg/d (or 30 mg on 
alternate days) depending on the time interval since the 
transplant, and the azathioprine dose was adjusted to maintain 
the white blood cell count at between 5 and 8x 10*/l. Renal 
transplant recipients undergoing further surgery were given 
100 mg hydrocortisone with the premedication, followed by 
100 mg four times a day for the next 24-48 h. Azathioprine and 
steroids were given intravenously postoperatively if the oral 


route was not possible. Prophylactic antibiotics were not given 
but careful bacteriological monitoring was carried out. Infected 
or potentially infected areas were treated with more prolonged 
and open drainage than usual. 

The case records of the patients have been studied retro- 
spectively to define the incidence of serious postoperative 
complications and also of wound and other infections. To 
study the effect on renal function, comparison was made 
between the average serum creatinine level in the week before 
surgery, the week after surgery and also 1 month after surgery. 
To act as a control, creatinine values were also obtained for a 
group of renal transplant recipients who did not undergo any 
further surgery during this period. Finally, the duration of stay 
in hospital for the surgical procedure was recorded. 


Results 


Surgical procedures 

Of the 65 additional surgical procedures, 56 were 
related to the transplantation itself or to the immuno- 
suppressive drugs and the remaining 9 were for un- 
related conditions. Thirty of the surgical procedures 
were emergencies and 35 were elective. A list of the 
operations carried out is shown in Table I. 

Of the 17 surgical explorations of the transplanted 
kidney, most were for collections of blood or other 
fluid around the kidney and 3 were for suspected 
stenosis or aneurysm of the renal artery. Of the 
gastrointestinal operations, the majority were for 
complications of peptic ulcer—haemorrhage or 
perforation. Splenectomy was carried out in 2 patients 
with azathioprine-induced leucopenia. The ortho- 
paedic procedures were all necessary as a result of 
bone necrosis and the commonest procedure was hip 
arthroplasty. The urological procedures included 
removal of calculi, reimplantation of the ureter for 
stenosis at the anastomosis with the bladder and the 
repair of urinary fistulas. Five patients required 
excision of a hydrocoele situated on the same side as 
the transplanted kidney. In the miscellaneous group, 
one patient required parathyroidectomy for tertiary 
hyperparathyroidism and another needed unilaterab 
nephrectomy for infection in his own kidney which 
had not been removed before transplantation. The 
ophthalmic procedures consisted of a corneal graft for 
a penetrating corneal ulcer of herpetic origin. Termin- 
ation of pregnancy with sterilization was carried out 
in 2 patients. 

There were no deaths and no serious complications. 
Table II shows that the incidence of chest and wound 
infections was low and mainly confined to the patients 
undergoing gastrointestinal procedures, though in the 
urological group 2 patients having hydrocoele 
excisions, performed without drainage, developed 
scrotal abscesses. The average stay in hospital was not 
prolonged in any group, nor did any individual patient 
show delayed recovery. 
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Table 1: SURGICAL PROCEDURES IN SUCCESSFULLY 
TRANSPLANTED PATIENTS 


Investigation of transplanted kidney (n= 17) 
Drainage of perirenal lymphocoele 
Drainage of perirenal haematoma 
Drainage of perirenal abscess 

Exploration of renal artery stenosis 
Exploration of renal artery aneurysm 
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Gastrointestinal operations (n = 16) 

Peptic ulcer 
Repair of perforation 
Vagotomy and pyloroplasty for haemorrhage 
Partial gastrectomy for haemorrhage 
Drainage of intra-abdominal abscess 
Splenectomy 

Laparotomy for pancreatitis, laparotomy for 
intra-abdominal bleeding, repair of incisional 
hernia, repair of inguinal hernia, hemicolectomy 
for carcinoma of caecum, colostomy for perforated 
diverticulum, haemorrhoidectomy 


Orthopaedic procedures (n= 10) 

Hip arthroplasty 

Exploration and bone graft to talus 

Excision of head of radius and lower humerus 
Replacement of knee joint 

Orthodesis of ankle 


Urological procedures (n = 14) 

Excision of hydrocoele 

Reimplantation of transplanted ureter 
Removal of calculus from kidney or urethra 
Repair of urinary fistula from ureter or bladder 
Drainage of scrotal abscess 

Excision of renal cyst 


Miscellaneous procedures (n= 8) 
Termination of pregnancy and sterilization 2 
Parathyroidectomy, unilateral nephrectomy, drainage ) 

| each 
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of pilonidal sinus, iridectomy, corneal graft, 
hysterectomy (for fibroids) 


Table H: INCIDENCE OF COMPLICATIONS AND 
DURATION OF STAY 
Duration of 


Clean hospitalization 
wound Chest 
Operation No. infections infections Mean Range 
Gastrointestinal 16 2 4 129 3-29 
Orthopaedic 10 0 0 13:8 3-26 
Urological 14 2 0 T3 1-17 
Miscellaneous 8 I 0 —* — 
investigation of 17 H 2 17-0 9-30 
* transplanted 
kidney 
Total 65 6 6 


* The wide variety of procedures would make this figure 
meaningless. 


Effects of surgery on renal function 
It was important to know if further surgical procedures 
affected the function of the transplanted kidney. To 
study the effect of surgery on kidneys with stable 
function, the 29 surgical operations carried out during 
the first 3 months after transplantation were excluded, 
. as were the 17 surgical procedures involving the kidney 
itself, in view of the likelihood of a direct effect on 
renal function. Fig. 1 shows the effect of surgery on the 
serum creatinine level in the remaining 19 patients 
compared with a control group of transplanted 
patients. No significant change in serum creatinine 
levels was observed in either group. 
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Fig. 1. Mean serum creatinine values before and after surgery 
in successfully transplanted patients (solid line) and a control, 
non-operated group transplanted at the same time (dotted 
line). Only surgical procedures carried out more than 3 months 
after transplantation have been included. Operations on the 
transplanted kidney have also been excluded. 


Discussion 

The wide range of surgical complications arising after 
kidney transplantation is evident from the list of 
procedures carried out in these 39 patients. Though 
this study is concerned with the general effects of 
surgery on the whole group, some of the important 
individual procedures can be mentioned. 

The largest single group comprised the orthopaedic 
operations for the treatment of bone necrosis, and 
it was particularly gratifying that these procedures 
were accomplished without complications. Another 
common indication for surgery was the presence of a 
perirenal fluid collection, usually containing lymph. 
The routine use of ultrasound (Morley et al., 1975) has 
enabled these to be detected at an earlier stage than is 
possible using other techniques and hence has 
reduced morbidity. Surgical treatment of the compli- 
cations of a peptic ulcer was necessary on 5 occasions 
despite the policy of routine barium studies and 
endoscopy followed by prophylactic surgery before 
transplantation. Thus, peptic ulcers may escape this 
screening or arise after it. Nevertheless, the 4 patients 
who required ulcer surgery after transplantation 
recovered uneventfully, During the period covered by 
this study one other patient had a massive, fatal 
gastrointestinal bleed, which at post-mortem proved 
to have come from a gastric ulcer; endoscopy had 
been refused. 

The commonest urological procedure was excision 
of a scrotal hydrocoele. This complication was 
present in the majority of male patients following 
transplantation and was invariably present on the 
same side as the transplanted kidney. Division of the 
spermatic cord at the time of transplantation can be 
held responsible—a finding noted previously by Penn 
et al. (1972). In most patients the hydrocoele was 
small, but in 5 patients it was large enough to require 
surgery, and routine division of the spermatic cord 
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has now been discontinued. Ureteric complications, 
such as stenosis and urine leakage, were uncommon 
in this series, though they are often a problem in 
other centres (Hricko et al., 1973). 

Previous reports have recorded a significant 
mortality from further surgery in transplanted patients, 
largely due to sepsis. Thus Leapman et al. (1976) 
recorded 9 deaths from sepsis in the 4 weeks following 
103 such surgical procedures and 2 more in the 
following month, but Hirsche and Woods (1976) had 
only one death from sepsis in 24 surgical procedures 
in transplanted patients. Our lack of mortality and 
major morbidity in this series is gratifying, and only 
minor chest and wound infections were encountered. 

In comparing this series with that of Leapman et al. 
(1976), it can be noted that one-third of the deaths in 
the latter series occurred in patients undergoing 
surgery on the urinary tract. This group, which formed 
31 per cent of the entire series, had received prophy- 
lactic antibiotics. In the present study, the urological 
complications group was smaller (9 per cent) and 
broad spectrum antibiotics were not used, which may 
explain the lower incidence of infection. Concern for 
the function of the transplanted kidney was also 


unfounded, since no permanent or transient deterior- 
ation in renal function was observed. Thus, success- 
fully transplanted patients need not be regarded as a 
high risk group, nor does surgery cause deterioration 
of renal function. 


References 

BELL P. R. F., BRIGGS J, D., KYLE K. F. et al. (1972) Renal trans- 
plantation: an analysis of 33 cases. Br. Med. J. 4, 408-413. 

HIRSCHE B. L. and woops J. E. (1974) Experience with elective 
surgery in renal allograft recipients. Am. J. Surg. 127, 
730-732. 

HRICKO G. M., BIRTCH A. G., BENNETT A. H. et al. (1973) Factors 
responsible for urinary fistula in transplant recipients. Ann. 
Surg. 178, 609—615. 

LEAPMAN S. B., VIDNE B. A., BUTT K. M. et al. (1976) Elective and 
emergency surgery in renal transplant patients. Ann. Surg. 
183, 266-270. 

MORLEY P., BARNETT E., BELL P. R., F. et al. (1975) Ultrasound in 
diagnosis of fluid collections following renal transplan- 
tation. Clin. Radiol. 26, 199—207. 

PENN L, MACKIE G., HALGRIMSON C. G. et al. (1972) Testicular 
complications following renal transplantation. Ann. Surg. 
176, 697—699, | 


Paper accepted 2.11.1977, 


Br. J. Surg. Vol. 65 (1978) 231-233 


Anorexia nervosa and Crohn's disease 


C. METCALFE-GIBSON* 


SUMMARY 

Two cases of anorexia nervosa who were subsequently 
found to have Crohn’s disease are presented. The 
difficulties in determining whether they had anorexia 
nervosa and Crohn's disease concomitantly or whether 
the Crohn’s disease alone was responsible for their 
condition are discussed without definite conclusion. The 
importance of excluding occult organic disease before 
assuming a diagnosis of anorexia nervosa is stressed. 


Case reports 

Case 1: B. M. Y., a 20-year-old female, was referred to the 
psychiatric clinic in March 1976 with anorexia nervosa. In the 
previous 3 years she had lost 19 kg in weight, become socially 
withdrawn and avoided stressful situations by feigning illness 
and refusing to eat. She denied any other symptoms except 
amenorrhoea for 6 months. 

Examination revealed a shy, undernourished girl weighing 
35 kg. Her body was wasted with thinning scalp and pubic 
hair. 

She was admitted forthwith and started on insulin and 
Largactil therapy. Two weeks after admission it became clear 
that she did not display the food aversion tactics typical of 
anorexia nervosa and therapy was discontinued. Investigations 
revealed marked iron deficiency, normal white blood cell count 
and differential, but a reduced leucocyte ascorbic acid level. 
The ESR was raised at 57 mm in the first hour. 

As her general condition had improved in hospital, she was 
allowed home to be investigated for malabsorption as an 
outpatient. 

One month later she complained of pain in the right hip and 
knee and walked with a limp. Apart from a painfully reduced 
range of hip movement and a mild pyrexia, results of examin- 
ation werenormal. Renal and hepatic function tests were normal 
and tests for brucella and collagen disorder were negative. The 
positive investigations were a raised ESR and an alkaline 
phosphatase level of 173 i.u. (normal 6-110 i.u.). 

Radiographs of the hip (Fig. 1) showed soft tissue gas 
shadows around the joint, reduced calcification of the lateral 
border of the ilium and an adjacent area of sclerosis. Osteo- 
nyelitis secondary to an atypical neoplasm was considered. An 
open biopsy of the ilium with culture of the bone was sterile, 
with no evidence of tumour. 

A barium enema (Fig. 2) outlined a small cavity in the right 
iliac fossa which communicated laterally via the greater sciatic 
notch to the region of the hip and medially through a narrow 
track to the upper rectum. The barium enema showed no 
intrinsic abnormality of the large bowel. The results of a 
barium meal and follow-through were normal. 

At laparotomy an abscess cavity around a ruptured appendix 
was found. Three weeks after appendicectomy and drainage of 
the abscess the patient developed faecal fistulas through the 
abdominal wound and through the site of the bone biopsy 
performed 7 weeks earlier. Despite intensive therapy for 
| month, her condition deteriorated to a parlous state and a 
second laparotomy was performed. 

The two cutaneous fistulas communicated with a small 
cavity in the right iliac fossa, which in turn communicated with 
the terminal ileum and upper rectum. There were no enlarged 
mesenteric glands and the intestine appeared healthy. The 
terminal ileum and caecum were resected and the rectal fistula 
was excised and closed. Microscopically the intestine showed 
changes consistent with early Crohn's disease, but these were 
not conclusive. 
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Fig. 1. Case 1. Radiograph of the right hip showing soft tissue 
gas shadows, decalcification in the lateral margin of the ilium 


with sclerosis medially. 








Fig. 2. Case 1. Barium enema showing the fistulous connections 
of an abscess cavity in the right iliac fossa. 
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Fig. 3. Case 1. The patient before the third 
laparotomy: weight 31-5 kg, height 5 ft 7 in. 


Postoperatively she rapidly gained weight from 28 kg 
(Fig. 3). The fistulas healed and 90 per cent mobility was 
restored to the hip. 

In September 1976 the development of a further fistula 
originating from the site of the previous anastomosis necessi- 
tated a third laparotomy. A more extensive resection was 
performed and, despite the normal external appearance of the 
gut, Crohn's disease was confirmed microscopically. 

Twelve months after her original admission she has regained 
her normal weight of 56 kg and has started to lead an active 
life. A psychiatric report before discharge confirmed her to be 
mentally normal. 


Case 2: M.J., a 34-year-old housewife, was admitted in 
December 1976 with anorexia nervosa. During the previous 
12 months she had become increasingly withdrawn and house- 
bound following the break-up of her marriage. Two months 
before admission she was vomiting if encouraged to eat solid 
food against her will. She refused to seek medical attention 
until she developed a severe urinary tract infection. 

On admission she was uncooperative; she weighed 32 kg and 
her appearance was similar to that of Case 1 (Fig. 4). Her 
abdomen was not distended. There was visible peristalsis but 
otherwise there were no physical signs of note. Investigations 
revealed a mild anaemia, normal white blood cell count and 
ESR and on culture the urine grew coliforms. 
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Fig. 4. Case 2. The patient 7 days after 
surgery, demonstrating extreme weight loss. 


She was observed to vomit after attempts to feed her. Ten 
days after admission she developed pneumaturia. Examination 
confirmed a low grade intestinal obstruction and a mass was 
palpable in the pouch of Douglas. 

At laparotomy she was seen to have Crohn's disease affecting 
the distal metre of ileum with a fistula to the bladder. The 
intestine proximal to the fistula was hypertrophic, consistent 
with chronic obstruction. The affected ileum was resected and 
the bladder repaired. Microscopy confirmed the diagnosis of 
Crohn's disease. 

Postoperatively she gained 9 kg in weight in 6 weeks and her 
psychological state rapidly returned to normal. 

Apart from experiencing a severe pelvic pain lasting for 48 h 
12 months before admission, she denied any other abdominal 
symptoms. 


Discussion 
The first classic case of anorexia nervosa was de- 
scribed by Gull in 1868. Dally and Sargant (1966) listed 
their criteria for diagnosis of the condition as 
follows: 

1. Under 35 years of age. 

2. Refusal to eat. 

3. Over 10 per cent weight loss. 


4. Absence of schizophrenia, organic or severe 

depression. 

5. Amenorrhoea for 3 months. 

Both the cases presented here fulfil all of these criteria. 
The complete exclusion of organic disease should 
perhaps be added to the list. 

Both these patients responded dramatically follow- 
ing definitive surgery, but it is still too early to be 
certain that no stigmas of anorexia nervosa will recur. 

Both cases showed marked similarity with regard to 
their Crohn's disease. Neither case displayed the 
diarrhoea commonly seen in this condition. Indeed, 
the complete lack of bowel symptoms is remarkable 
and poses questions as to when the Crohn's disease 
developed and whether it precipitated the anorexia 
nervosa. 

Case 1 had haematological evidence of occult 
sepsis on admission to the psychiatric hospital, which 
became clinically and radiologically apparent 7 weeks 
later. The abscess encountered at her first laparotomy 
was probably appendicular in origin. The fistula into 
the upper rectum could have been the site of discharge 
of this abscess despite the absence of pus passed 
rectally. 

The route taken by the lateral fistula towards the 
right hip is not common. Two cases of this occurring 
in Crohn's disease were reported by London and 
Fitton (1976), one with a fatal outcome and the other 
requiring disarticulation of the hip. 

Crohn's disease presenting as a psoas abscess was 
initially reported by Van Patter et al. (1954). Kyle 
(1971) reported that with the eradication of tubercu- 
losis, Crohn's disease was the commonest cause of 
psoas abscess in the north-east of Scotland. 

The appendix showed no microscopic evidence of 
Crohn's disease in Case 1 and the small intestine 
appeared normal externally at the first and at the 
subsequent laparotomy 8 weeks later. This may be 
significant if the work of Goodman et al. (1976) is 
considered. They showed significantly increased 
glucosamine synthetase activity in histologically 
normal bowel mucosa remote from macroscopic 
Crohn’s lesions. 

The white cell ascorbic acid level has been shown to 
be low in patients with Crohn’s disease (Gerson and 
Fabry, 1974). It is further reduced if there is fistula 
formation. In Case 1 the low ascorbic acid level may 
have been due to a combination of Crohn's disease 
and reduced dietary intake. 

In Case 2 it is again difficult to judge when the 
Crohn's disease first became manifest. It is unlikely 
that the severe attack of pelvic pain 12 months before 
admission heralded the onset of the disease; it is more 
likely that it occurred some 10 months later when low 
grade obstruction developed, and that the weight loss 
and amenorrhoea were of psychological origin. Both 
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these cases were cured by resection of the tissues 
affected by Crohn's disease. Ketonen et al. (1976) 
reported a patient with anorexia nervosa who was 
cured by right hemicolectomy for chronic caecal 
volvulus. 

The psychiatric status of 19 consecutive patients 
with Crohn's disease was studied by Feldman et al. 
(1967), who found no association between the disease 
and a psychiatric disorder. Sheffield and Carneyt 
(1976), however, in their analysis of 28 patients, found 
them to be significantly more anxious, neurotic and 
introverted than controls. Although the 2 cases under 
discussion here were not submitted to the personality 
inventory of Eysenck and Eysenck (1964), or the 
Manifest Anxiety Test of Taylor (1953), they both had 
anxious and nervous dispositions with marked 
introversion. 

Crohn’s disease is now said to be replacing syphilis 
as the great imitator of disease (Lancet, 1975): these 
2 cases enforce this concept. 
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Cure of intractable watery diarrhoea 


by excision of a vipoma 


IRVIN M. MODLIN, STEPHEN R. BLOOM, A. BARNES AND R. B. WELBOURN* 


SUMMARY 

A 56-year-old man suffered unexplained watery diar- 
rhoea for 5 years which ultimately produced quad- 
raparesis due to serve potassium depletion. All 


investigations were negative until demonstration of 


elevated plasma vasoactive intestinal peptide (VIP) 
indicated the presence of a vipoma. Removal of the 
VIP-producing tumour tissue—an adrenal ganglio- 
neuroma—resulted in complete cure. Plasma VIP 
measurement is thus a valuable diagnostic screen in 
such cases and can be used to predict prognosis and 
to guide further therapy. 





Case report 

A 56-year-old electrical engineer developed severe, painless 
watery diarrhoea in 1971. The motions (10-12 per day) 
contained no blood or mucus. He had never travelled outside 
the United Kingdom. Results of barium enema examination 
and a rectal biopsy were normal but the appearance of areas of 
possibly inflamed mucosa on sigmoidoscopy led to a presump- 
tive diagnosis of ulcerative colitis. The patient was therefore 
treated with sulphasalazine and subsequently with oral 
prednisone, neither of which improved his diarrhoea. The 
watery motions persisted until August 1975 when, after a 
particularly severe episode, he was admitted to hospital with a 
quadraparesis and found to have a plasma potassium level of 
1-7 mmol/l. The paresis was reversed with intravenous 
potassium supplements. Subsequently the plasma VIP was 
estimated as a screening procedure and the level of 258 pmol/l 
(normal less than 20 pmol/l) strongly suggested the presence 
of a vipoma. Physical examination at this time gave normal 
findings—in particular, the pulse rate was 70/min and regular, 
the blood pressure 130/70 mmHg and there was no palpable 
abdominal mass. 

Basal gastric acid secretion was characteristically nil and 
peak acid output after pentagastrin was low at 7 mmol/l 
(normal 19-3 mmol/l). Urinary catecholamines were elevated 
at 351 ug/g, creatinine (normal less than 40) and plasma 
noradrenaline was 4-41 ug/l (normal less than 0-7). Intravenous 
urography demonstrated a left suprarenal mass which selective 
arteriography confirmed to be a vascular tumour closely 
related to the left adrenal gland (Fig. 1). Selective venous 
sampling from the tributaries of the vena cava showed the 
highest levels of plasma VIP and noradrenaline to be at the 
junction between the left renal vein and the inferior vena cava, 
suggesting that the tumour was the site of VIP production. 

On 9 May 1976 a large left adrenal tumour was removed via 
a left paramedian incision. In the absence of hypertension no 
adrenergic alpha-blockade was instituted during the pre- 
operative period. Immediately after excision of the tumour, 
however, the blood pressure fell and it required infusion of 
both blood and plasma to restore it. The tumour was 12 cm in 
diameter, weighed 560 g and was well encapsulated but had a 
necrotic haemorrhagic centre (Fig. 2). The tumour tissue 
contained VIP, adrenaline, noradrenaline and dopamine 
(0.57, 560, 300 and 6500 ng/mg of wet tissue, respectively). 
Histology showed the tumour to be a benign ganglioneuroma. 
Immunohistochemistry demonstrated the tumour cells to be 
highly reactive with antibodies to pure porcine VIP, and 
formaldehyde-induced fluorescence indicated the presence of 
amounts of catecholamines (Fig. 3). 

After the operation the patients plasma VIP levels fell 
dramatically and his diarrhoea ceased abruptly. He gained 
15 kg in weight in one year following his operation and now 
has normal bowel actions twice daily. Plasma VIP and 
catecholamine levels have remained normal. 





Fig. 1. Selective arteriogram demonstrating a large benign 
left adrenal tumour. 





Fig. 2. The 12-cm well-encapsulated ganglioneuroma. 
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Discussion 

Verner and Morrison (1958) first described the 
syndrome of refractory watery diarrhoea and hypo- 
kalaemia associated with ^ non-insulin-secreting 
tumours of the pancreatic islets. Since then, hypo- 
chlorhydria has been added to the features of the con- 
dition and helps to differentiate it from the Zollinger- 
Ellison syndrome. Several other names have been 
ascribed to the clinical picture of very severe watery 
diarrhoea, hypokalaemia and achlorhydria——W DH A 
syndrome (Marks et al., 1967), pancreatic cholera or 
just plain watery diarrhoea syndrome. 

Secretin, calcitonin, glucagon, gastrin and many 
other hormones have previously been suggested as 
the aetiological agents. More recently, vasoactive 
intestinal polypeptide (VIP) has been postulated as 
the causal agent of the Verner-Morrison syndrome 
(Bloom et al., 1973). This hormone is found through- 
out the body and has as yet no proved physiological 
role, although it is postulated that it may function as 
a neurotransmitter substance (Bryant et al., 1976). It 
is a polypeptide whose pharmacological actions 
include powerful stimulation of small intestinal 
secretion, inhibition of gastric acid production and 
vasodilatation. This may well explain the frequent 
clinical findings of gross watery diarrhoea, hypo- 
chlorhydria and flushing. The demonstration of 
elevated plasma VIP and elevated tumour VIP in 
these patients had suggested strongly that the causal 
agent of the syndrome was VIP (Bloom and Polak, 
1976). This was confirmed by the production of gross 
watery diarrhoea on infusing VIP into pigs (Modlin 
et al., 1977a, b). The isolation of this peptide from 
both the gastrointestinal tract and from nervous 
tissue (Bryant et al., 1976) accords with the production 
of the syndrome by both neural and pancreatic 
tumours. 

In a review of 55 cases (Verner and Morrison, 
1974), 80 per cent of the patients presenting with the 
classic syndrome were found to have pancreatic 
tumours whilst 20 per cent did not. Of the patients 
with tumour, half were found to be benign and 
potentially curable but only two-thirds of these were 
actually cured, the remainder dying at surgery owing 
to poor clinical condition and features such as hypo- 
kalaemia and renal or circulatory failure. Among nearly 
1000 patients suffering from unexplained severe diar- 
rhoea we detected 39 with elevated plasma VIP levels 
(greater than 50 pmol/l). In each of these cases a 
tumour was found; in 7 (4 children) the tumour was 
a ganglioneuroma or ganglioneuroblastoma whilst 
in the remainder the tumour was pancreatic. Other 
types of tumour may also be associated with watery 
diarrhoea, e.g. medullary carcinoma of the thyroid, 
and in these cases VIP levels are normal. 

Early detection of vipomas by radioimmunoassay 
of plasma VIP can be of life-saving importance. 
Kraft et al. (1970) observed in a review of 27 cases 
that the mean period from the onset of symptoms to 
diagnosis was about 3 years. The recent ability to 
measure VIP by a sensitive radioimmunoassay has now 
enabled us to identify such patients early. In 50 per 
cent of the patients the tumours have already metas- 
tasized and are not amenable to total surgical excision. 
In these cases the nitrosourea antibiotic streptozotocin 
has proved most effective (Gagel et al., 1976). Cyto- 
toxic therapy produces a rapid decline of plasma 
VIP levels and cessation of the diarrhoea. Monitoring 
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Fig. 3. The presence of VIP in the ganglioneuroma cells 
demonstrated by immunofluorescent techniques using 
anti-VIP serum. 


the plasma VIP level is a good early indication of the 
imminence of relapse before the recurrence of the 
diarrhoea, suggesting the need for further cytotoxic 
therapy. 

This case of vipoma was unusual in that it was 
associated with high catecholamine levels. Diarrhoea 
has been previously reported as a common feature 
of ganglioneuromas, but it was hitherto unexplained. 
Why our patient did not have hypertension in the 
face of elevated catecholamines is difficult to explain, 
but the antagonistic vasodilator action of VIP or of 
other dilatory substances may have been responsible. 
Alpha-blockade was not used during surgery for 
this reason, but postoperatively the patient developed 
hypotension similar to that seen in an unblocked 
phaeochromocytoma case. Volume replacement re- 
stored the blood pressure to normal. 

This case is described to illustrate the importance 
of measuring plasma VIP in cases of unexplained 
severe diarrhoea since the polypeptide is a specific 
marker for vipomas producing the watery diarrhoea 
syndrome. Once a raised plasma VIP level (greater 
than 50 pmol/l) is detected, the tumour can be loca- 
lized by selective arteriography and local venous 
sampling for VIP estimation. Early recognition and 
removal of these slowly growing endocrine tumours 
can avert the high mortality produced by the severe 
metabolic derangements and the development of 
metastases. 
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With the experience gained from the installation of 
over 100 operating theatres, the MEDIC system provides 
the ideal solution to new operating theatre construction or 
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When post-operative recovery is threatened by 
shock or deteriorating pulmonary function, ad- 
junctive therapy with Solu-Medrone can improve 
the patient's chances of survival. 


Pharmacological doses of Solu-Medrone stabilise 
lysosome and cell membranes and prevent the 
release of destructive lysosomal enzymes. The 
corticosteroid preserves platelet and leukocyte 
integrity, thereby reducing the risk of intravas- 
cular coagulation and helping to preserve the 
pulmonary architecture. 


In addition, Solu-Medrone helps restore haemo- 
dynamic balance by decreasing peripheral resist- 
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Postoperative recurrence of hydatid disease 
HASSAN MOTTAGHIAN AND FARROKH SAIDI* 


SUMMARY 

Since larval scolices of the parasite Echinoceccus 
granulosus are capable of developing in vivo into mature 
hydatid cysts in the human intermediate host, operative 
spillage of cyst contents can lead to local regrowth of 
hydatid cysts after a suitable interval. The overall rate 
of postoperative recurrence of hydatid cysts of soft 
tissue organs in 106 patients, followed-up from 6 months 
to 3 years, was [1-3 per cent. Both host and parasite 
factors determine recurrence. Serosal and surgical 
wound surfaces, unlike mucosal surfaces, provide fertile 
ground for the development of implanted scolices into 
hydatid cysts. No correlation was found between the 
size of removed cysts and postoperative recurrence. The 
risk of recurrence and associated morbidity was highest 
in patients with multiple intra-abdominal cysts. Certain 
technical problems increase the chance of inadvertent 
operative rupture and spillage of cyst contents, with 
subsequent regrowth of cysts. Routine measures against 
operative spillage of hydatid fluid are mandatory, but 
the actual method of surgical treatment must be 
individualized for every case. 


In man the parasite Echinoceccus granulosus exists 
only in the larval form, consisting structurally of a 
spherical cyst in which countless larvae (scolices), 
floating in a fluid medium, persistently multiply. Hyda- 
tid cysts are not harmful systemically to the human 
host, but persistent increase in the number of the 
scolices, with further accumulation of fluid, leads to a 
slow yet relentless enlargement of the hydatid cyst. 
Such uninhibited volume expansion eventually upsets 
the host-parasite relationship as the cyst outgrows its 
available space. 

No medical treatment is available to solve this 
problem and all hydatid cysts must be surgically 
removed. During removal the fragile outer covering, 
known as the laminated membrane, is prone to rupture. 
This results in the release of clear, watery hydatid 
fluid which contaminates the surrounding surgical 
field with countless scolices. The majority of the 
liberated microscopic larvae (about 150 um in size) 
succumb to local host defensive forces, but every 
surviving fertile scolex is potentially capable of multi- 
plying asexually to produce, over a period of months 
or years, a new hydatid cyst identical to the original 
one. This general process is called ‘secondary echino- 
coccosis'. Newly formed cysts continue to grow in size 
and eventually require surgical removal, which may 
prove technically more difficult than removal of the 
initial cyst. Thus the danger of rupture, spillage and 
recurrence persists. 

Surgeons dealing with echinococcal disease have 
long been aware of the particular hazards attending 
removal of hydatid cysts. A number of techniques 
have evolved to prevent rupture of the cyst and to 
minimize the danger of scolex implantation. None is 
perfect or applicable to all situations, and some spil- 
lage takes place despite all precautions, including the 
use of scolicidal agents. The frequency and circum- 
stances of recurrence have not been determined, as it 


takes a relatively long time for secondary cysts to 
grow large enough to become clinically apparent. 
Also, patients in endemic areas may develop new 
primary infestations not readily distinguishable from 
secondary cysts. 

Echinococcosis is a common surgical condition in 
many tropical and non-industrialized regions of the 
world. With increasing international travel, patients 
who acquired their hydatid cysts years earlier in 
endemic areas present in medical centres of industrial- 
ized countries, where the disease is infrequent. It 
would, therefore, be helpful to determine how often 
and under what circumstances recurrence of disease 
takes place after primary operation. 


Patients and methods 

Records were reviewed at the Saadi and Nemazee Hospitals of 
Shiraz, located in an endemic area in southern Iran. During a 
i0-vear period from 1963 to 1973 a total of 344 patients had 
undergone one or more operations for hydatid cysts of various 
organs. The age of these patients ranged from 3 to 83 years, 
the average age being within the 25-35 bracket. The group 
consisted of 193 male and 151 female patients; the organs 
involved are shown in Table I. 


Table I: DISTRIBUTION OF CYSTS AMONGST 
VARIOUS ORGANS 


Male Female 
Liver 76 83 
Lung 85 33 
Other single organs 22 30 
Multiple organs 10 5 
Total 193 151 





The number of male patients with lung hydatids was signi- 
ficantly greater than the number of females. The overall organ 
distribution, however, was similar to that of other reported 
series. The liver was most commonly affected, followed by the 
lungs. 

The follow-up period after the initial operation was chosen 
arbitrarily as 6 months to 3 years, consistent with the general 
growth rate of hydatid cysts. 

Twenty-one patients died either during their initial hospitali- 
zation or within 6 months of discharge from the hospital. The 
operative notes on 16 patients were deemed inadequate for the 
purposes of the study. Six patients had hydatid disease of the 
skeletal system and, as will be explained later, these patients 
were also excluded from further evaluation. 

An extensive follow-up programme was carried out for the 
remaining 301 patients but only 106 patients could actually be 
contacted and clinically evaluated; these patients constitute 
the study group. This low yield on follow-up was due to the 
fact that many of the patients were members of large nomadic 
tribes who have no fixed residence as they seasonally move 
towards fertile pastures. 

A complete physical examination was performed on all 
patients in the study group. A routine chest X-ray film was 
taken. Hydatid cysts of the lung can reach relatively large 
dimensions with no clinical signs or symptoms. À liver scan 


* Departments of Surgery, Pahlavi University School of 
Medicine, Shiraz, and Reza Shah Kabir Hospital, Tehran, 
Iran. 

Correspondence to: F. Saidi, Park Avenue, Seventh Street 
No. 3, Tehran, Iran. 


238 Hassan Mottaghian and Farrokh Saidi 


Table H: DETAILS OF 12 PATIENTS WITH POSTOPERATIVE RECURRENCE OF HYDATID CYSTS 


Case no. 


(age; sex) Organ involved Surgical approach 


Group 1: Early postoperative recurrence 


(8; F) Lung Aspiration and evacuation 
2(18; F) Lung Aspiration and evacuation 
3(31; F) Pancreas Aspiration and evacuation 


Group 2: Diffuse serosal hydatidosis 
4(35; M) Abdomen, pelvis, Excision; aspiration and 


liver evacuation 
§ (25; F) Abdomen, liver, Excision; aspiration and 
retroperitoneum evacuation 
6 (45; M) Abdomen, liver Excision; aspiration and 
evacuation 
7 (34; M) Abdomen, liver Excision; aspiration and 
evacuation 
8 (40; M) Abdomen, liver Excision; 5% saline and 
alcohol injection, 
aspiration and evacuation 
9 (30; F) Abdomen, liver Excision; 575 saline and 
alcohol injection, 
aspiration and evacuation 
10 (28; F) Pleural cavity Excision 


Group 3: Early spontaneous rupture 


11 (36; F) Lung into pleural Removal of torn cyst 
space 
120; M) Liver (?) into Removal of torn cyst 


abdominal cavity 


was performed if the initial cyst had been removed from the 
liver, although postoperative liver scans do not necessarily 
reveal recurrence of hydatid cysts (Czerniak et al., 1963). No 
help was gained from the Casoni skin test, which had already 
been done as a routine and had been read as positive in all 
cases. Surgical exploration of the abdominal organs was not 
carried out unless a mass could be palpated or a hemidiaphragm 
appeared elevated on the chest X-ray film as compared with 
the discharge film. 


Results 

A total of 12 patients with secondary echinococcosis 
was found among the 106 patients of the study group, 
giving an overall recurrence rate of 11:3 per cent. In 
some of these 12 cases there was clear-cut evidence 
that recurrence had followed local spillage. In others 
a causal relationship between operation and regrowth 
could only be inferred. In 2 cases rupture of the cyst, 
and hence local implantation, had occurred shortly 
before the operative intervention, and recurrence was 
in all probability not related directly to surgical 
removal of the ruptured cyst itself. Interpretation of 
the overall recurrence rate would accordingly be more 
meaningful if these 12 cases were grouped separately 
and analysed individually (Table II). 


Group 1: Early postoperative recurrence 

Of the 3 patients in this group, 2 had hydatid cysts of 
the lung and 1 a cyst of the pancreas. The initial oper- 
ation in all 3 cases had consisted of a preliminary 
diagnostic needle aspiration of the cyst followed by 
incision into the protective host pericyst layer and 
removal of the collapsed solitary hydatid cyst. The 
residual pericyst space was washed with sterile saline 
but was otherwise left open. Reoperation for the 


Interval 
Spillage between 
of cyst operations 
contents for recurrence Resuits 
No 9 mth No re-recurrence after 5 vr 
No 16 mth No re-recurrence after 8 yr 
No 14 mth No re-recurrence after 3 yr 
Yes 16, 6, 12 mth Intestinal obstruction; clinical 
re-recurrence 24 mth later 
Yes 12 mth Cardiopulmonary arrest after last 
operation 
Yes 36, 36, 30, 9 mth Intestinal obstruction; obstructive 
jaundice; wound dehiscence; 
died after last operation 
Yes Total of 9 Wound dehiscence; no evidence of 
operations re-recurrence 3 yr after last 
at 1-2-year operation 
intervals 
Yes 20 mth Lost to follow-up 
Yes 48 mth Lost to follow-up 
Yes 24 mth No local re-recurrence after 4 yr 
— 48 mth No re-recurrence after 6 vr 
— 3 mth No re-recurrence after 7 mth 


locally recurring cysts took place from 9 to 16 months 
later. 

Discovery of the two recurrent lung cysts was based 
on follow-up chest X-ray films. At the second thoraco- 
tomy the recurrent cysts were found, in both instances, 
to be located in the same lobe from which the initial 
cyst had been removed, and in both cases the surgeon 
encountered dense pleural adhesions overlying the 
lung. The recurrent cysts measured 5 and 8 cm in 
diameter, roughly the same size as the initial primary 
cysts (Figs. 1, 2). The patient with the pancreatic cyst 
developed vague upper abdominal pains about a year 
after discharge. At reoperation a 2:5-cm solitary cyst 
was found lying within the previously opened and. 
evacuated pericyst space in the body of the pancreas. 
Management of the three recurrent cysts of this group 
was essentially the same as before and no scolicidal 
agents were used. All three patients did well with no 
evidence of further recurrence during a 3-8-year 
follow-up period, after their second operation. 


Group 2: Diffuse serosal hydatidosis 

In this group there were 6 patients who had diffuse 
abdominal hydatidosis and 1 patient who had an 
intrathoracic hydatid cyst. The clinical and patho- 
logical picture of the intra-abdominal cysts was 
essentially the same for all 6 patients. A slow but 
diffuse enlargement of the abdomen had developed 
over a period of some months to years after the primary 
operation, but, except for some associated abdominal 
discomfort, the patient had remained in relatively good 
health. Two of the 6 patients had undergone one or 
more laparotomies elsewhere before establishing the 
diagnosis of intra-abdominal hydatidosis. In the 


other 4 a correct preoperative diagnosis was made on 
clinical grounds alone. 

In all 6 cases the surgeon encountered a great 
number of hydatid cysts, varying in size from that of 
a small hazelnut to a large orange. These were dis- 
tributed over the abdominal viscera and peritoneal 
folds, reaching down into the pelvic cavity. Extensive 
peritoneal adhesions, many quite vascular, sur- 
rounded these cysts, making their individual libera- 
tion a procedure which involved considerable blood 
loss. In 2 patients the surgeon was able to expose the 
liver adequately, and in one of these patients an un- 
ruptured medium-sized cyst of the right lobe was 
found. The most superficial abdominal cysts and 
those with a narrow pedicle attachment to the omen- 
tum could be removed intact. Those situated deeper 
or protected by intestinal folds could be reached only 
by sharp dissection. In all cases the operative notes 
indicated that the initial care exercised in avoiding 
rupture of the cysts was abandoned as the surgeon 
encountered more and more cysts; and unavoidably 
there was rupture and some free spillage of hydatid 
fluid over the adjacent surgical field. In three instances 
the surgeon, after extracting the few largest and a 
dozen or more smaller cysts, felt that the accompany- 
ing blood loss justified terminating the operation even 
though additional cysts could be palpated in the 
abdominal recesses. 

All 6 patients required repeat laparotomies because 
of abdominal enlargement and pain after periods 
varying from 6 months to 4 years. One patient re- 
quired a total of nine laparotomies over a period of 
8 years. These repeated operations provided temporary 
symptomatic relief. The average number of laparo- 
tomies for these 6 patients was 3:6. The increase in 
the total number of intra-abdominal cysts, rather than 
the increase in the size of those left behind after the 
previous laparotomy, seemed to account for the 
abdominal enlargement in every case. In no patient 
did the surgeon comment on the possibility of the 
peritoneal cysts having originated from intra-abdom- 
inal rupture of a primary liver cyst. Such a sequence 
of events most probably had occurred some time 
before, but not after, the first laparotomy in these 6 
patients. 

The operative findings and the surgical approach at 
the second or any subsequent procedure was essenti- 
ally the same as on the first occasion. The severity of 
vascular adhesions at reoperation was invariably 
remarked upon by the surgeon, and it appeared that 
this, more than anything else, was responsible for 
rupture and spillage accompanying the removal of 
multiple cysts. For 2 patients emergency laparotomies 
had to be performed because of intestinal obstruction 
secondary to postoperative intra-abdominal adhesions. 
One patient developed obstructive jaundice as a result 
of a hydatid cyst compressing the extrahepatic biliary 
system. The abdominal incision posed technical prob- 
lems in a few patients. On reopening one incision for 
the third time the surgeon ruptured a superficially 
lying cyst with resulting contamination of the wound 
by hydatid fluid. This particular patient developed two 
small cysts within the incision 8 months later. There 
were 2 cases of dehiscence of the abdominal incisions 
and one of these patients died. Another patient died 
after the second operation with cardiorespiratory 
arrest; post-mortem examination showed that all 
organs except the brain and heart contained hydatid 
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Fig. 2. Case 2. Sixteen months after the initial operation, 
showing regrowth of a hydatid cyst in the same lobe. 


cysts. Of the remaining 4 patients, 2 were lost to 
follow-up; 1 is expected to return with a residual or 
recurrent cyst. Thus, only 1 is seemingly cured. 

The single patient in this group with a thoracic 
hydatid cyst gave a history of both a previous ab- 
dominal and a chest operation, 9 and 7 years earlier 
respectively. At the time of admission she complained 
of thoracotomy pain of 2 years’ duration. A chest 
X-ray film showed a cyst 4 cm in size in the left upper 
lung field. The old thoracotomy incision was reopened, 
but there was inadvertent rupture of the hydatid cyst 
lying directly below the incision in the pleural space. 
There was some spillage of hydatid fluid over the 
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Fig. 3. Case 12. Three months after the initial Lovegertexos 
showing six small pedicled hydatid cysts attached to the 
viscera. 





Fig. 4. Section taken from one of the small cysts of Case 12, 
showing two hydatid cysts in early stages of development. 
(x 155.) 


thoracotomy wound. She returned 2 years later with a 
solitary cyst which had involved the adjacent rib, 
representing, in effect, a local further recurrence. 


Group 3: Early spontaneous rupture 
The hydatid cysts of the 2 patients in this group had 
ruptured spontaneously before primary surgical re- 
moval. The first patient (Case 11) had developed 
sudden left chest pain 2 months earlier and when 
admitted had obvious tension pneumothorax on the 
left side. A chest tube was inserted but 2 weeks later 
no expansion of the lung had taken place. A thoraco- 
tomy was performed and a 7-cm collapsed hydatid 
cyst was found lying in the ‘empyema’ space. This was 
removed and a visceral pleural decortication was per- 
formed along with suture obliterations of the residual 
pericyst space in the lower lobe. The patient was dis- 
charged with the left lung fully expanded, but she 
required readmission 4 years later because of left 
chest pain. A chest X-ray film showed two small peri- 
pheral cysts on the left side which were surgically 
removed. These recurrent pleural cysts arose no doubt 
from implantation following spontaneous intra- 
pleural rupture of the initial cyst. In retrospect, a 
decortication encompassing the parietal pleura might 
have removed the implanted scolices. 

The second patient was a 7-year-old boy who was 
admitted with an acute abdomen. At laparotomy a 


6-cm univesicular hydatid cyst was found ruptured, 
lying in the free peritoneal cavity. This was removed. A 
solitary cyst was also noted in the right lobe of the 
liver but was left undisturbed. At laparotomy for the 
liver cyst 3 months later a few discrete nodules, some 
pedicled, were seen embedded in the omentum (Fig. 3). 
These were excised and histological sections showed 
that all were growing hydatid cysts (Fig. 4). A 
thorough lavage of the peritoneal cavity at the time 
of the initial operation might have prevented these 
multiple intra-abdominal recurrences which un- 
doubtedly followed the spontaneous preoperative 
rupture of the intraperitoneal hydatid cyst. 


Discussion 

Echinococcus granulosus is endowed with many adap- 
tive mechanisms for survival and perpetuation of the 
species. One hundred years ago Volkmann warned 
surgeons against the risk of sowing hydatid elements 
by puncture of fertile cysts (Dew, 1928). Viable larvae 
can develop into hydatid cysts when injected subcu- 
taneously or placed upon serous surfaces in the 
laboratory. The ability to multiply asexually in the 
intermediate human host, whether inside or outside 
its protective laminated membrane layer, is a charac- 
teristic of the larvae. Hydatid cysts frequently rup- 
ture during surgical removal, perhaps more often than 
surgeons are willing to admit. Recurrence following 
such spillage seems to depend on factors other than 
mere contamination of the operative field. These 
determinants can be divided as traceable either to the 
host or to the parasite. 

Of the host factors, the age of the patient appears 
to be an important, though unassessable factor. Experi- 
mentally, viable scolices, when injected into the peri- 
toneal cavity of white mice less than 40 days old, will 
regularly grow into hydatid cysts (Schwabe, 1968). 
Mature mice of the same strain show a relative 
resistance. The growth of spilled scolices in the 
abdominal cavity of the 7-year-old boy in this series 
into small hydatid cysts within a 3-month period is in 
accord with the clinical experience that hydatid cysts 
enlarge more rapidly in children than in adults. 
Whether the risk of recurrence of cysts after operative 
spillage of scolices is also greater in children than in 
adults could not be determined on the basis of the 
relatively small number of affected children in this 
series. 

Host tissues seem to vary somewhat in their ability 
to accept or reject implanted scolices. Mucosal sur- 
faces apparently do not provide a proper foothold for 
the larvae (as distinct from the eggs). Intrabronchial 
rupture of lung cysts, a not-infrequent occurrence, 
does not lead to recurrence of hydatid cysts. Serosal 
surfaces, on the other hand, whether peritoneal or 
pleural, are good breeding grounds for scolices. This 
would explain the finding of recurrent hydatid cysts 
in the pleural cavity of 2 of the patients in this series. 
It also accounts for the clinical and pathological 
entity of secondary abdominal echinococcosis in 6 
patients of this series. 

John Hunter, in 1793, was the first to suspect the 
secondary nature of intrapelvic cysts, even before the 
parasitological basis of the condition was known 
(Hunter, 1966). The majority of peritoneal cysts arise 
from spontaneous intra-abdominal rupture of primary 
liver cysts. Once this particular condition has de- 
veloped, the stage is set for re-rupture of secondary 


cysts and growth of later generation cysts. Surgical 
interference resulting in the rupture of these secondary 
intra-abdominal cysts must be regarded as part of a 
repetitive dissemination sequence, although it may be 
difficult to differentiate regrowth of abdominal cysts 
(from previous spontaneous rupture with seeding) 
from that following operative contamination. The pro- 
gressive course of the 6 operated cases of abdominal 
hydatidosis in this series with no apparent rupture of 
an associated liver cyst would incriminate operative 
spillage as the factor responsible for recurrence. 

There was one operative recurrence in the abdominal 
and one in the thoracic incision where the surgeon was 
aware of contamination of the surgical wound at the 
time of operation. 

Operative recurrence of hydatid cysts of bones is 
the rule rather than the exception, and such cases 
have, therefore, been omitted from this study. In 
skeletal tissues the parasite is prevented by the non- 
yielding bony structure from assuming the character- 
istic cystic form seen in soft tissue organs. Instead, the 
larvae insinuate themselves among the bony trabeculae 
and Haversian canals with no grossly visible demar- 
cation line. Anything short of total excision of the 
involved bone is likely to lead to local recurrence of 
hydatid disease after a suitable interval. Accordingly, 
skeletal recurrence is due to incomplete removal of 
the source of disease rather than inadvertent operative 
spillage. 

Among the parasite factors affecting recurrence, the 
total number of scolices liberated, Le. the dosage of 
contamination, would seem to be important. The inci- 
dence of operative recurrence should be correspon- 
dingly greater for larger cysts which are more liable to 
rupture during surgical removal. Surprisingly, no cor- 
relation appears to exist between the size of the cyst 
and the risk of recurrence. Scolices and brood cap- 
sules (larger aggregates of scolices) tend to settle to the 
bottom of an intact univesicular cyst, forming what is 
called *hydatid sand'. Dévé, in 1906, estimated 1 cm? 
of ‘hydatid sand’ to contain about 400 000 scolices 
(Dew, 1928). Spillage of this sediment, as compared to 
the scolex-free supernatant, would liberate a far greater 
number of scolices over the exposed surgical field. 

In the natural course of events many cysts undergo 
a slow process of degeneration or spontaneous 
abortion. Whatever the underlying cause, many of the 
contained scolices die off slowly or stop reproducing 
altogether; and the overall process of enlargement of 
the hydatid cyst gradually tapers off. The danger of 
operative recurrence upon rupture of such aborting 
cysts, though not completely absent, is obviously less 
than with operative rupture of viable and actively 
growing cysts. 

Barrett and Thomas, in 1952, gave a round figure 
of 10 per cent for operative recurrence of pulmonary 
hydatid cysts. Schiller reported in 1966 that ‘three of 
ten patients . . . showed dissemination one to three 
years postoperatively, with the appearance of new 
cysts in the pleural and peritoneal cavities and in the 
incision site’. The figure derived from this study for 
recurrence of hydatid cysts in all soft tissue organs 
was 11:3 per cent. It is evident that postoperative 
recurrence of hydatid cysts varies according to the 
organ, age group and in all probability the surgeon's 
skill or experience. It seems unlikely, therefore, that an 
overall figure can be arrived at that will cover all 
situations. A recurrence rate greater than 10 per cent 
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would clearly call for a reassessment of the operative 
approach. 

What does seem quite certain from this study is that 
increased morbidity is associated with secondary 
echinococcosis due to operative mishaps. For extra- 
abdominal recurrence at least one more operation 
becomes necessary; for intra-abdominal cysts, de- 
pending on the severity of the condition, i.e. the num- 
ber of cysts already present, multiple operations may 
be required over a period of months to years. Each 
succeeding operation becomes technically more diffi- 
cult and dangerous as a result of associated adhesions 
arising from previous procedures and/or reaction to 
spilt hydatid fluid. 

Spillage of hydatid fluid at the time of operation 
may cause an anaphylactic reaction. This develops in- 
frequently, and such clinical signs as tachypnoea, 
tachycardia, hypotension and urticaria are masked or 
modified by anaesthetic medications or intraoperative 
transfusions. Allergic reactions were apparently more 
common in former days when many patients had their 
hydatid cysts evacuated under local anaesthesia and 
spillage thus occurred more often. 

The prevention of operative rupture and spillage of 
univesicular cysts is obviously a major objective. This, 
in fact, is the aim of all currently used surgical tech- 
niques. For certain organs the surgeon proceeds with 
a planned removal of the affected organ, as for ex- 
ample in the case of splenic hydatid cysts. For lung 
and liver hydatid cysts, depending on the circum- 
stances, it may be technically feasible to perform a 
lobectomy, but the sacrifice of an otherwise normal 
organ would seem to be a needlessly radical approach 
for this non-malignant condition. Simple enucleation, 
i.e. removal of univesicular cysts with their laminated 
membrane intact, may not be technically possible for 
many cysts even though this approach is ideal for 
avoiding spillage. 

A third surgical approach is to rupture the cyst 
deliberately and then remove it. To eliminate or 
reduce the attendant risk of spillage of fertile scolices, 
one may first inject a scolicidal agent into the interior 
of the cyst (formalin is most commonly used). How- 
ever, the effectiveness of this measure is open to 
question; the volume of many cysts cannot be esti- 
mated with any accuracy and it is difficult to know 
exactly how much of the agent should be injected or 
how long to wait before proper mixing takes place to 
kill all scolices. Lack of precise information on these 
points has led many surgeons to abandon altogether 
the preliminary injection of any scolicidal agent. 

Reliance can be placed on protective gauze pads 
spread over the exposed surgical field and prompt 
removal by suction of all the hydatid fluid as soon as 
the cyst is broken. 

A more logical approach would be to pour a suitable 
scolicidal agent into the evacuated pericyst space to 
kill any scolices spilled over its surface lining. The 
authors rely on this approach, using a 0-5 per cent 
concentration of a freshly prepared silver nitrate 
solution (Saidi, 1976, 1977). To prevent contami- 
nation of the operative field as the cyst is broken into, a 
cryogenic cone has been devised which becomes 
attached to the surface of the pericyst and confities al 
extruded hydatid fluid. The technique of rgfhova 
hydatid cysts with the cryogenic cone and t} ead j 
use of 0-5 per cent silver nitrate has been d 
where (Saidi and Nazarian, 1971). 










242 Hassan Mottaghian and Farrokh Saidi 

. A preliminary evaluation of the clinical results of 
this particular technique has shown that of a total of 
48 patients operated on by one of us (F, S.), 31 were 
followed up beyond 3 years. There was a total of 21 
liver, 11 intraperitoneal and 6 separate lung cysts. All 
were extracted through the cryogenic cone and the 
residual pericyst lining treated with 0-5 per cent silver 
nitrate solution. No untoward effects were noted. 
There was no incidence of local recurrence of hydatid 
cysts using the criteria described earlier. 

Since many factors affect the postoperative recur- 
rence rate of hydatid cysts, it should be apparent that 
no one surgical technique is applicable to all hydatid 
cysts. Serosal surfaces and incision wound surfaces 
must be protected at all times. The temptation to 
deliver a cyst intact should perhaps be resisted, and 
greater effort spent in achieving prompt and total 
evacuation of all parasite material. 

Multiple abdominal hydatid cysts deserve particular 
attention to details. It would seem more logical in 
these situations to remove a limited number of intra- 
peritoneal cysts with no spillage at all and then to 
reoperate at a later date for the remaining cysts than 
to make an all-out effort to remove every visible or 
palpable cyst at one sitting and in the process run 
the risk of rupturing a few and facing postoperative 
recurrence. 
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Acute non-calculous cholecystitis in burns 


I. ALAWNEH* 


SUMMARY 

Seven burned patients developed acute cholecystitis 
within 10—37 days of injury, associated with jaundice 
in 5. There were 6 males and 1 female, with 5 patients 
aged 28-40 years, the others being 56 and 69 years. 
Cholecystectomy was performed in all patients with 1 
death. It is suggested that the cause of post-burn 
cholecystitis is traumatic and septic shock with con- 
sequent biliary stasis. 


ACUTE inflammation and ulceration of the stomach 
or duodenum are common complications after 
burns. Haematemesis and melaena are the principal 
signs of the so-called Curling's ulcer (Ounsterhout 
and Feller, 1968). Acute inflammatory disease of the 
galibladder and bile ducts occurring after severe 
injuries or burns is discussed in several reports 
(Irenius, 1942; Hoffmann, 1956; Lindberg et al., 1970; 
Wilson, 1970; Howard and Delaney, 1971; Monfort 
et al., 1973). 

Acute acalculous cholecystitis should be regarded 
as post-traumatic when it develops immediately 
after the initial accident or if it develops after oper- 
ations for gastrointestinal disease or in patients who 
have undergone genitourinary and orthopaedic 
surgical procedures or operations on the nervous 
system (Thompson and Ferris, 1962). 

Kirksey et al. (1968) reported that 9 cases of acute 
cholecystitis in burns were found during surgery 
or autopsy; 7 of them were acalculous cholecystitis. 
Most of their cases of acalculous disease occurred in 
young males. The authors considered that the aetio- 
logical explanations for acalculous acute cholecystitis 
were dehydration and stagnation of the bile with 
precipitation of irritative bile salts, as well as the 
reflux of pancreatic juice engendered by the prevalent 
recumbent position and the use of drugs to alleviate 
pain. Recently Munster et al. (1971) reviewed 10 
cases of acalculous @holecystitis in burned patients. 
All patients were male with an average age of 29. 
The average burn area was 56-2 per cent of third- 
degree and jaundice occurred in 6 patients. 


Patients and methods 

During the period from July 1966 to July 1976 at the Municipal 
Hospital Salzgitter-Bad and from 1960 to 1973 at the Municipal 
Hospital Waldshut, 1560 patients were admitted for treatment 
of burn injuries and their complications. Seven underwent 
surgical procedures because of acute abdominal symptoms 
(cholecystitis, ileus). Details of the series are summarized in 
Table I. The mean burn area was 45-7 per cent of the total body 
surface. Five of the 7 patients were between 28 and 40 years of 
age; 6 were male and 1 female. Jaundice occurred in 5 patients 
with serum bilirubin concentrations ranging from 42-75 to 
232.5 umol/l. Liver function examinations of the 7 patients 
showed increased serum alkaline phosphatase in 5, increased 
SGOT in 3 and increased SGPT in 4. All 7 patients were 
submitted to laparotomy and cholecystectomy was performed. 
One patient, 69 years old, was operated on 37 days after the 
initial burn injurv; at operation we found an acute ulcer of the 
stomach and acute cholecystitis. Cholecystectomy and gastrec- 
tomy with Billroth H anastomosis was performed. 


The intraoperative pathological findings were always acute 
or gangrenous non-calculous cholecystitis. One patient, 56 
years old, who was admitted with thermal injury, developed 
jaundice after 40 days and underwent laparotomy. He had 
acute cholecystitis and the gallbladder was removed. He 
developed postoperative pneumonia and peritonitis and died 
on the ninth day after the operation. All of the other 6 patients 
recovered. 


Results 

The time of onset of symptoms varied between 10 
and 37 days after the burn injury (Table 7). Cultures 
of bile taken from the gallbladder were positive 
in 6 patients and negative in 1. One patient, aged 69 
years, had a Curling's ulcer which required operation 
and the gallbladder was also removed because of 
acute cholecystitis. 

Bile peritonitis, pancreatitis and thrombophle- 
bitis were the postoperative complications, One 
case (of a female of 28 years) developed a post- 
operative Curling's ulcer. The bile was concentrated 
in 6 patients and mixed with matter, and in 1 patient 
was very dilute and clear. Results of histological 
examination of gallbladder specimens varied from 
acute to gangrenous cholecystitis. Six gallbladder 
specimens and 3 liver biopsies showed interstitial 
oedema and acute inflammation throughout the entire 
wall of the gallbladder. There were fibrin patches on 
the serosa and degenerative changes in the muscles. 
In 4 patients focal septic necrosis of the mucosa was 
evident on the microscopic section. — 


Discussion 

The incidence of acalculous cholecystitis varies 
with age, geographical location and, especially, 
diagnostic criteria (Munster and Brown, 1967). 
Acute cholecystitis secondary to trauma, including 
burns, has been reported previously and Munster 
et al. (1971) recently reviewed 10 cases. The histo- 
logical examination of the gallbladder specimens 
showed the whole spectrum of inflammatory changes 
from acute to chronic. 

The aetiological factors noted by Munster et al. 
(1971) were dehydration, prolonged ileus and ob- 
struction of the superior mesenteric artery. The latter 
is a condition associated with severe weight loss, 
not often seen in patients with large burns, and it 
may contribute to the problem of dehydration and 
perhaps to biliary stasis. The problem of haemato- 
genous spread to viscera from septic foci appears to 
have been of paramount importance in the majority 
of the cases reported by Munster et al. (1971). 

Lindberg et al. (1970) and Weeder at al. (1970) 
emphasized the importance of sepsis and blood 
transfusion in the aetiology of cholecystitis after 
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Table I: DETAILS OF BURNED PATIENTS WITH NON-CALCULOUS CHOLECYSTITIS 


Onset 
of 
inflam- 
Burn Jaundice mation 
Case Age Burn area (bilirubin (d post Bile Laparotomy Operation and 
no. (vr) Sex degree (©) umol/D burn)  bacteriogram (d post burn) complications Outcome 
1 33 M 2nd/3rd 43 No 22 None 24 Cholecystectomy Recovery 
(7:7) (wound sepsis) 
2 40 M 3rd 60 Yes 18 Candida 20 Cholecystectomy Recovery 
(42:75) (wound abscess) 
3 56 M 3rd 62 Yes 37 Staphylococcus 40 Cholecystectomy Death 
(145-35) (Bile peritonitis and 
pneumonia) 
4 28 F 2nd/3rd 38 No 16 Staphylococcus 18 Cholecystectomy Recovery 
(13-7) (Cholangitis and 
Curling's ulcer) 
5 34 M 3rd 54 Yes 25 Pseudomonas 27 Cholecystectomy Recovery 
(102) (Subphrenic abscess, 
thrombophlebitis) 
6 40 M 3rd 35 Yes 10 Klebsiella 10 Cholecystectomy Recovery 
(77) (Peritonitis, 
pancreatitis) 
7 69 M 2nd/3rd 28 Yes 34 Candida 37 Cholecystectomy Recovery 
(232-5) (Sepsis, wound abscess, 


trauma. They suspected that an increased demand 
placed on the gallbladder by the excretion of blood 
breakdown products could lead to acute cholecystitis. 
All their patients had received numerous blood 
transfusions and most of them had infections. 
Howard and Delaney (1971) reported 6 cases who 
suffered injuries which could have been associated 
with decreased tissue oxygenation and fat embo- 
lization, both factors which may have led to gall- 
bladder hypoxia and susceptibility to infection. 

Thompson and Ferris (1962) emphasized that 
vascular insufficiency caused by shock could lead 
to gangrene of the gallbladder. The Schwartzmann- 
Sanerelli phenomenon may be important in the 
aetiology of acute cholecystitis after trauma (Vorster 
et al., 1972). It is a vascular manifestation of tissue 
allergic reaction. An acute vascular reaction of the 
terminal vascular type can occur after injection of 
bradykinin directly before endotoxin application. 
The Schwartzmann-Sanerelli phenomenon occurs 
after the local application of a toxin and then the 
intravenous injection of the same toxin or another 
one, causing a very severe necrosis on the primary 
Pon (Vorster and Bottger, 1971; Vorster et al, 
1972). 

The hypothesis of Kalk (1955) considered that 
decomposition of protein occurs after trauma with 
development of micro- and macrohaematomas and 
necrotic tissue. 

lt seems possible that traumatic and septic shock 
could cause impaired function in the liver, gallbladder 
and pancreas. Such a functional change may be the 
result of macro- and microcirculation disturbances. 
The products of breakdown from necrotic tissue in 
septic shock, as in burns, could possibly alter bile 
concentration, as found during operation. The in- 
creased concentration of bile and the autolytic effect 
of trypsin in the pancreas lead to biliary stasis and 
also to the bacterial contamination of the bile 
(Alawneh, 1974) (Table I), with increased duodeno- 
biliary reflux as a result which in turn leads to acute 
cholecystitis in burned patients. 


pancreatitis) 


Histological examination of 3 liver biopsy and 6 
gallbladder specimens showed moderate interstitial 
oedema and intrahepatic biliary stasis. Traumatic and 
septic shock in burns are the main causes of acute 
cholecystitis, which tends to occur in relatively 
young and predominantly male patients. All patients 
of Munster et al. (1971) were male, with a mean age 
of 29 years; Thompson and Ferris (1962) reported 4 
cases between 60 and 80 years old and 2 patients who 
were 20 and 22 years old. Lindberg et al. (1970) 
presented 12 male patients aged between 18 and 30. 
All the patients reported by Weeder et al. (1970) were 
young men, 5 of the 6 being under 23 years of age 
and the other was 39 years old. Of our cases, one 
patient was 69, another was 56 and the others were 
between 28 and 40 years. No patient had a history of 
gallbladder disease before the burn injury. 

Ileus and pain in the right upper abdomen associ- 
ated with septic foci, such as septic burn wounds, 
are important factors in making the diagnosis. 


References 

ALAWNEH I (1974) Die traumatische akute Cholecystitis. 
Aktuel. Traumatol. 4, 45-52. 

HOFFMANN E. (1956) Acute gangrenous cholecystitis secondary 
to trauma. Am, J. Surg. 91, 288—289, 

HOWARD R. J. and DELANEY J. P. (1971) Posttraumatic chole- 
cystitis. JAMA 218, 1006-1007. 

IRENIUS C. jun. (1942) Traumatic hemorrhagic cholecystitis. 
Am. J. Surg. 56, 655-658, 

KALK H. (1955) Das aerztliche Gutachten im Versicherungs- 
wesen. Munich, Barth Verlag. 

KIRKSEY TH.D., MONCRIEF J. A., PRUITT B. A. et al. (1968) Gastro- 
intestinal complications. Am. J. Surg. 116, 627—633, 
LINDBERG F. F., GUMAN F. and sMiTH L. (1970) Acalculous 
cholecystitis in Vietnam casualties. Ann. Surg. 170, 

152-157. 

MONFORT J., LE NEE C. J. L., LEBORGNE J. et al. (1973) Les chole- 
cystitis aigués non lithiasiques chez les politraumatisés. 
Ann. Chir. 27, 157-161. 

MUNSTER A. M. and BROWN J. R. (1967) Acalculous cholecystitis. 
Am. J. Surg. 113, 730—734. 

MUNSTER A. M, GOODWIN M. N. and PRUITT B. A. (1971) 
Acalculous cholecystitis in burned patients. Am. J. Surg. 
122, 591—593. 





| £KUNSTERHOUT D. K. and FELLER J. (1968) Occult gastrointestinal 


hemorrhage in burned patients. Arch. Surg. 96, 420- 
: 422. 

SHAW R. C. (1970) Posttraumatic acute acalculous cholecystitis 
in young males. Milit. Med. 135, 210-216, 


ES x ‘THOMPSON J. W, and FERRIS D, O. (1962) Acute cholecystitis 


complicating operation for other diseases. Ann. Surg. 155, 
489—494. 


: $ VORSTER G. and BOTTGER G. (1971) Isolierte Gallenblasen- 


nekrose. Chir. Praxis 15, 45-49. 








Acute non-calculous cholecystitis in burns — 245. e 


VORSTER C., ENGEL W. and WOLTERS X. (1972) Tierexperi- |. 


mentelle Untersuchungen zur isolierten Gallenblasen- 
nekrose. Zentrabl. Chir. 97, 1847-1850. — 
WEEDER R: S, BAHANT G., H. and MUIR R. W. (1970) Acute non- 


calculous cholecystitis associated with severe injury. ^^. 


Am. J. Surg. 119, 729—732. | 
WILSON T.-H. (1970) Acute acalculous cholecystitis after trauma 
and surgery. Med. Ann. DC 10, 560—562. 


Paper accepted 20.10.1977. 





Br. J. Surg. Vol. 65 (1978) 246-251 


The selective use of combined supraduodenal and 
transduodenal exploration of the common bile duct 


D. A. AUBREY AND J. L. EDWARDS* 


SUMMARY 

The results of combined supraduodenal and trans- 
duodenal exploration of the common bile duct in 42 
selected cases are presented. The indications for this 
operation were: the presence of multiple calculi in the 
common bile duct; stones impacted in the ampullary 
region; residual stones in the common bile duct follow- 
ing previous surgery on the biliary tract; stricture at the 
papilla and pancreatitis associated with cholelithiasis. 
After the procedure no patient had residual stones in the 
common bile duct. Serious complications were infre- 
quent; there were no postoperative deaths and post- 
operative pancreatitis occurred in only one patient, 


THE supraduodenal approach to the common bile 
duct is regarded by most surgeons as the technique of 
choice when exploration is indicated (Rains, 1969). 
However, transduodenal exploration of the common 
bile duct is a well-established procedure and was first 
described by McBurney in 1898. More recent reports 
have confirmed the value of this technique and its 
relative safety, and indeed some authors have advo- 
cated the transduodenal route as the primary method 
of exploration (Wright, 1960; Hardy and Davenport, 
1969; Hunter, 1972; Carter, 1973; Peel et al., 1974). 
However, others have stressed the potential hazards 
of this technique, namely haemorrhagic pancreatitis, 
duodenal obstruction and  duodenal fistulation 
(Shieber, 1962; Rains, 1969). 

This report describes the selective use of combined 
supraduodenal and transduodenal exploration of the 
common bile duct. 


Patients and methods 

During the 5-year period 1972-6 combined supraduodenal and 
transduodenal exploration of the common bile duct has been 
performed in 42 cases. The patients were under the care of one 
surgeon (D. A. A.) who perfomed most of the operations. 


Operative technique 

The basic reason for surgery in each case was gallstone disease, 
The decision to explore the common bile duct was made on the 
preoperative assessment of the patient, on the operative findings 
and on the results of peroperative cholangiography via the 
cystic duct. Having decided that exploration of the common 
bile duct was indicated, the duct was opened supraduodenally 
between stay sutures. If supraduodenal exploration alone 
proved insufficient to deal with the problem, then trans- 
duodenal exploration was undertaken. Having decided to 
undertake transduodenal exploration, the position of the 
sphincter of Oddi was determined as accurately as possible, 
both by reference to the peroperative cholangiogram and by 
passing a fine probe downwards from the supraduodenal 
choledochotomy. The anterior wall of the second part of the 
duodenum was then incised longitudinally opposite the site of 
the sphincter, without preliminary mobilization of the 
duodenum. Having opened the ducdenum, the site of the 
sphincter was defined and an attempt was then made to pass 
bougies through the duct into the duodenum. The sphincter 
was then divided anteriorly, using diathermy for a distance of 
approximately Icm, this manoeuvre being facilitated by 
invagination of the sphincter into the duodenal lumen with a 
bougie in the duct. The common bile duct and the hepatic 
ducts were then explored with instruments and by means of a 


Fogarty biliary catheter. Finally, the duodenum was closed 
transversely in three layers, a T tube inserted into the duct via 
the supraduodenal choledochotomy and the area was drained. 


Postoperative management 

Postoperatively, oral fluids were withheld for 4 days. On the 
fifth postoperative day a barium meal examination was 
performed. Provided this indicated no obstruction and no leak 
at the site of the duodenotomy, oral feeding was then com- 
menced. The serum amylase was monitored daily; if hyper- 
amylasaemia occurred, then Trasylol was included in the 
intravenous infusion and nasogastric aspiration and intra- 
venous fluid replacement were continued until the serum 
amylase returned to normal. A T tube cholangiogram was 
obtained on the tenth postoperative day. 


Case reports 

Case 3: The patient, a woman of 36, presented as an emer- 
gency with acute cholecystitis and jaundice. She had had five 
similar episodes over the preceding 2 years. On conservative 
treatment the acute episode subsided and the jaundice resolved. 
A subsequent cholangiogram demonstrated multiple stones in 
the gallbladder and in the common bile duct. At operation the 
gallbladder was shrunken and adherent to surrounding 
structures. The common bile duct was thickened but not 
dilated. Operative cholangiography demonstrated multiple 
stones—apparently 1l—in the duct. The duct was explored 
supraduodenally and 11 stones were removed. A further stone 
was extracted from the right hepatic duct using a Fogarty 
biliary catheter. Following transduodenal exploration, 2 
further stones were obtained from the infraduodenal part of 
the common bile duct. Postoperative T tube cholangiography 
demonstrated no residual stones in the duct but showed a 
marked filling defect at the site of closure of the duodenotomy 
(Fig. 1). The patient recovered uneventfully. 


Case 12: The patient, a woman of 26, was admitted as an 
emergency with painful obstructive jaundice associated with 
rigors (temperature 39 °C). On admission the serum bilirubin 
was 270 mol/l, the serum alkaline phosphatase 500 i.u./1 and 
the WBC 28 x 107*/l. Endoscopic retrograde cannulation of the 
papilla resulted in visualization of only the pancreatic duct. 
Medical treatment was instituted but the patient's condition 
deteriorated and signs of hepatic precoma appeared. Emer- 
gency exploration disclosed an inflamed, distended gallbladder 
containing many stones. The common bile duct was not 
visualized. The liver appeared normal. The gallbladder was 
opened and stones and pus were evacuated; bile then entered 
the gallbladder freely and hence a cholecystostomy was per- 
formed. Following this operation the patient's condition 
improved dramatically and cholangiography through the 
cholecystostomy tube 5 days later disclosed a complete 
obstruction in the common bile duct with proximally dilated 
ducts and two liver abscesses (Fig. 2). Treatment with anti- 
biotics was continued and 2 weeks later a further cholangio- 
gram through the cholecystostomy tube showed that the liver 
abscesses had resolved completely. The patient was discharged 
with the cholecystostomy tube in situ. Laparotomy 3 months 
later disclosed a stone impacted in the lower end of the 
common bile duct. Removal of this stone via the supraduo- 
denal choledochotomy proved unsuccessful but following 
sphincterotomy the stone was removed easily; cholecystectomy 
presented no technical problems. 

Postoperative T tube cholangiography demonstrated free 
flow of contrast medium into the duodenum with no residual 
calculi in the common bile duct. Postoperatively the serum 
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Fig. 1. Case 3. T tube cholangiogram demonstrating no 
residual calculi in the common bile duct with free flow of 
contrast medium into the duodenum. The filling defect in the 
duodenum indicates the site of the duodenotomy. 


amylase rose to 7000 i.u./1 but this was not associated with 
signs or symptoms suggestive of pancreatitis and the patient 
recovered uneventfully. 


Case 17: This patient, a woman of 61, presented with severe 
acute pancreatitis accompanied by slight jaundice; the serum 
amylase was 12 950 i.u./l, the serum calcium 1:46 mmol/l and 
the serum bilirubin 85 mmol/l. Six years previously the patient 
had been diagnosed as having gallstones but because of her 
general medical state—angina, hypertensive heart failure and 
left bundle branch block—operation had been considered 
inappropriate. On conservative treatment, including Trasylol, 
she recovered uneventfully from the acute pancreatitis and 3 
months later laparotomy was undertaken. 

At operation the gallbladder was thickened and was seen to 
contain stones. The common bile duct was thickened and 
dilated but no obvious stones were palpable within it. The 
pancreas was indurated and there was fat necrosis evident in 
relation to the upper abdominal organs. Operative cholangio- 
graphy demonstrated a complete block at the lower end of the 
common bile duct (Fig. 3). On supraduodenal exploration of 
the duct stones were not obtained but fine bougies could not 
be made to enter the duodenum. Transduodenal exploration 
disclosed a tight stricture at the papilla. A sphincterotomy was 
performed. Further retrograde exploration of the common bile 
duct failed to disclose stones in the duct. 

The patient made an uneventful recovery and T tube 
cholangiography demonstrated free flow into the duodenum 
and no stones in the common bile duct. 


Case 22: This female patient of 28, who had experienced 
biliary dyspepsia for 2 years, presented as an emergency with 
acute cholecystitis complicated by jaundice. On conservative 
treatment the acute symptoms subsided but the jaundice failed 
to resolve and hence laparotomy was undertaken after 2 
weeks. 

At operation the gallbladder was seen to be dilated. There 
were stones in both the gallbladder and the common bile duct. 
The head and body of the pancreas were enlarged and indurated. 
Operative cholangiography demonstrated a single stone in the 
common bile duct. Cholecystectomy was performed and the 
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Fig. 2. Case 12. Cholangiogram via cholecystectomy tube 
demonstrating a completely obstructed common bile duct 
and two liver abscesses. 





Fig. 3. Case 17. Operative cholangiogram showing complete 
obstruction to the flow of contrast medium into the 
duodenum. 
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stone in the duct was removed via a supraduodenal chole- 
dochotomy. Transduodenal exploration and sphincterotomy 
were performed in the hope that this might alleviate the 
chronic pancreatitis. 

The patient recovered uneventfully and a T tube cholangio- 
gram demonstrated free flow of contrast medium into the 
duodenum with no residual stones in the common bile duct. 


Results 

The patients comprised 6 groups, according to the 
reason for proceeding to transduodenal exploration of 
the common bile duct (Table I). 


Table I: REASONS FOR COMBINED 
SUPRADUODENAL AND TRANSDUODENAL 
EXPLORATION OF THE COMMON BILE DUCT IN 
42 PATIENTS 

Multiple stones in common bile duct 

Stones impacted in common bile duct 

Residual stones in common bile duct 

Stricture of the sphincter of Oddi 

Cholelithiasis complicated by pancreatitis 

Multiple reasons 


to 
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In group 1 (22 patients) there were multiple calculi 
in the common bile duct and transduodenal explor- 
ation was undertaken in order to ensure that all stones 
were removed from the duct. In 9 cases, having re- 
moved stones via the supraduodenal choledochotomy, 
transduodenal exploration did not disclose any further 
stones in the duct. In 13 cases, however, transduodenal 
exploration disclosed further stones remaining in the 
duct after supraduodenal exploration; these stones 
would undoubtedly have been missed had these ducts 
been explored purely via the supraduodenal route. 
Postoperatively, in each case, T tube cholangiography 
demonstrated no residual stones. 

In group 2 (5 patients) peroperative cholangiography 
demonstrated a stone impacted in the ampullary region. 
Initial supraduodenal exploration of the common bile 
duct failed to dislodge the stone and hence transduo- 
denal exploration was undertaken. Following division 
of the sphincter, transduodenal removal of the im- 
pacted stone was accomplished without difficulty in 
each case. 

Group 3 comprised 7 patients who presented with 
obstructive jaundice. Each patient had previously 
undergone surgery on the biliary tract, between 3 and 
10 years previously. In 4 patients the initial operation 
disclosed stones in the gallbladder and cholecystec- 
tomy without exploration of the common bile duct 
had been carried out. In 3 of these patients peropera- 
tive cholangiography had not been performed but the 
common bile duct had been considered normal at 
operation. In 1 patient operative cholangiography had 
been performed but the quality of the cholangiogram 
was poor; although it had been considered normal at 
the time, restrospective examination of the cholangio- 
gram indicated the presence of stones in the common 
bile duct. In the 3 remaining patients in this group the 
initial operation had disclosed stones in the gall- 
bladder and operative cholangiography had shown 
multiple stones in the common bile duct. In each case, 
cholecystectomy had been accompanied by supra- 
duodenal exploration of the common bile duct and 
stones had been removed. However, in each case, the 
T tube cholangiogram had demonstrated residual 
stones in the duct. Immediate re-exploration of the 
duct had not been undertaken, in the hope that the 


residual stones would pass spontaneously into the 
duodenum. 

When these patients re-presented with obstructive 
jaundice, the presence of stones in the common bile 
duct was confirmed either by intravenous cholangio- 
graphy or by percutaneous transhepatic cholangio- 
graphy (Okuda et al., 1974). In each case the decision 
to explore the duct both supraduodenally and trans- 
duodenally was taken before re-exploration. In each 
case, re-exploration disclosed multiple stones (3-7) 
in the common bile duct. In 4 cases, the residual 
stones were successfully removed by supraduodenal 
exploration and subsequent transduodenal explor- 
ation failed to disclose any further stones; in 3 cases, 
however, although supraduodenal exploration had 
yielded stones, further stones were obtained on trans- 
duodenal exploration. In each case, T tube cholangio- 
graphy on the tenth postoperative day confirmed that 
no stones remained in the common bile duct after 
re-exploration. | 

In group 4 (6 patients) operative cholangiography 
demonstrated obstruction at the level of the duodenal 
wall but no stones were evident in the common bile 
duct. On supraduodenal exploration, fine bougies 
could not be made to enter the duodenum. In each 
case transduodenal exploration confirmed the pre- 
sence of a stricture at the papilla and this was treated 
by sphincterotomy. T tube cholangiography on the 
tenth postoperative day showed free flow of contrast 
medium into the duodenum. In one case a false 
passage had been created. 

Group 5 comprised 2 patients who gave a clinical 
history of repeated attacks of acute pancreatitis and 
who were found at operation to have chronic pan- 
creatitis complicating cholelithiasis. In these patients 
sphincterotomy was undertaken in the hope that it 
might alleviate the pancreatitis. | 

Group 6 comprised 3 patients in each of whom 
there was more than one reason for combined supra- 
duodenal and transduodenal exploration of the com- 
mon bile duct. In 1 patient, who had multiple stones 
in the duct and a stone impacted at the ampulla, a 
congenital anomaly of the hepatic artery precluded 
adequate supraduodenal exploration. In the other 2 
cases there were multiple stones in the duct associated 
with stricture formation at the papilla. In each case 
postoperative T tube cholangiography demonstrated 
free flow of contrast medium into the duodenum and 
no residual stones in the common bile duct. 


Complications 

The patients have been followed up for between 3 
months and 5 years. There were no deaths in the peri- 
operative period and subphrenic abscess formation 
and duodenal fistulation were not encountered. 
Wound infection occurred in 3 patients; 1 patient 
developed bilateral calf vein thrombosis from which 
he recovered uneventfully; significant cardiopul- 
monary problems were encountered in a further 3 
patients. Postoperative hyperamylasaemia occurred in 
3 patients. In each case this was detected within 24 h 
of operation. In 2 cases the hyperamylasaemia was 
associated with no untoward symptoms but neverthe- 
less Trasylol was incorporated in the postoperative 
infusion. The hyperamylasaemia resolved in 3-4 days 
and the patients’ postoperative recovery was other- 
wise uneventful. In the third patient, hyperamylas- 
aemia was accompanied by severe epigastric and back 
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pain and hypotension and a clinical diagnosis of post- 
operative pancreatitis was made. The patient was 
treated by intravenous infusion— including the admini- 
stration of Trasylol—nasogastric aspiration and the 
administration of antibiotics. After 6 days the patient 
became symptom-free and the serum amylase level 
had returned to normal. Treatment was therefore dis- 
continued. One week later, however, the patient 
developed duodenal obstruction, again associated 
with hyperamylasaemia. This was thought to be due to 
a recurrence of the postoperative pancreatitis. Con- 
servative treatment as outlined above was again insti- 
tuted. After a further 5 days of this treatment the 
obstruction resolved and the serum amylase level 
once more became normal. Thereafter the patient 
recovered uneventfully and was well 6 months later. 
This was the only instance in which obstruction at the 
level of the duodenotomy was encountered. Neverthe- 
less, it is perhaps worth emphasizing that the appear- 
ance of the duodenum on barium meal examination 
on the fifth postoperative day regularly demonstrates 
a large filling defect in the second part of the duo- 
denum, presumably due to oedema at the site of the 
duodenotomy. The late development of obstruction 
due to stenosis at the site of the duodenotomy has 
not been encountered. In every instance T tube 
cholangiography on the tenth postoperative day 
revealed no residual stones and free flow of contrast 
medium into the duodenum. Furthermore, to date, 
there have been no instances of jaundice due to 
stricture formation at the site of the sphincterotomy. 
Postoperative endoscopic assessment of the sphincter 
has not been performed. 


Discussion 

In most large series the incidence of complications 
following transduodenal sphincterotomy has been high 
and perioperative mortality rates of approximately 
5 per cent have been reported (Mahorner and Browne, 
1955; Shieber, 1962; Rothwell-Jackson, 1968; Thomas 
et al, 1971; Hunter, 1972; Stuart and Hoerr, 1972; 
Carter, 1973). Complications relating to the duodeno- 
tomy——namely obstruction, fistulation and associated 
abscess formation—have been well documented 
(Shieber, 1962; Menguy, 1965; Kourias and Tierris, 
1966; Rothwell-Jackson, 1968; Thomas et al., 1971). 
Moreover, the occurrence of severe and even fatal 
pancreatitis has seriously detracted from the popularity 
of sphincterotomy, despite the recognition that this 
complication can occur after any surgical procedure 
. on the biliary tract, particularly if the operation is 
protracted and traumatic (Blatherwick and Pattison, 
1954; Mahorner and Browne, 1955; Diffenbaugh and 
Strohl, 1956; Shieber, 1962; Rothwell-Jackson, 1968; 
Hardy, 1969; Keighley et al, 1969; Thomas et al., 
1971; Hunter, 1972; Stuart and Hoerr, 1972; Carter, 
1973). In the present series, serious complications 
were rare (Table II). In particular, hyperamylasaemia 
was noted on only 3 occasions and only 1 patient 
developed clinical postoperative pancreatitis associ- 
ated with duodenal obstruction. The relative absence 
of complications in this series may be related to the 
fact that transduodenal exploration was undertaken 
immediately it became apparent that supraduodenal 
exploration alone could not be relied upon to solve 
the operative problem, rather than after a protracted 
traumatic attempt at purely supraduodenal explor- 
ation. We were particularly impressed by the fact that 
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Table HW: COMPLICATIONS FOLLOWING COMBINED 
SUPRADUODENAL AND TRANSDUODENAL 
EXPLORATION OF THE COMMON BILE DUCT IN 
42 PATIENTS 


Mortality 

Subphrenic abscess formation 

Duodenal fistulation 

Stricture formation at the sphincter of Oddi 
Postoperative gastrointestinal haemorrhage 
Wound infection 

Calf vein thrombosis 

Cardiopulmonary complications 
Hyperamylasaemia 

Postoperative pancreatitis 

Duodenal obstruction 
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after sphincterotomy stones were easily disimpacted 
from the ampullary region and multiple stones were 
removed quickly and with minimal trauma using the 
Fogarty biliary catheter. Indeed, we would strongly 
support the view of Rutherford and Owens (1966) that 
an expeditiously performed transduodenal sphinctero- 
tomy is less likely to induce postoperative pancreatitis 
than a protracted attempt to accomplish a difficult 
choledocholithotomy via the supraduodenal route. In 
this context, too, it may be relevant that in our 
patients mobilization of the duodenum was avoided, 
thus eliminating the inevitable trauma to the pancreas 
associated with this manoeuvre. 

In this series postoperative cholangitis was not en- 
countered. Nevertheless, this complication after 
exploration of the common bile duct purely via the 
transduodenal route has been well documented 
(Shieber, 1962; Kourias and Tierris, 1966; Hardy and 
Davenport, 1969; Thomas et al., 1971: Stuart and 
Hoerr, 1972). Under such circumstances, cholangitis 
is probably a consequence of stasis in the extrahepatic 
biliary apparatus rather than a consequence of reflux 
of duodenal contents into the common bile duct 
(Bernard, 1950). The absence of cholangitis in this 
series may be related to the fact that the common bile 
duct was simultaneously explored both supraduo- 
denally and transduodenally and postoperatively the 
duct was drained by a T tube in the supraduodenal 
part of the duct, thus providing temporary drainage. 

With the general acceptance of peroperative 
cholangiography, fewer common bile ducts were 
explored needlessly and mistaken omission to explore 
the duct is less frequent (Wheeler et al., 1970). How- 
ever, when there are multiple stones in the duct the 
peroperative cholangiogram cannot be relied upon to 
provide an exact assessment of the number of stones 
present. Under such circumstances, the incidence of 
retained stones after choledochotomy remains de- 
pressingly high (Bartlett and Dreyfuss, 1960; Wheeler 
et al., 1970; Way et al., 1972), hence the recent reports 
describing attempts to extract or dissolve such retained 
stones (Way et al., 1972; Gardner, 1973; Britton et al., 
1975; Wheeler, 1977). In an attempt to circumvent 
this problem, some authors have recommended that 
supraduodenal exploration of the common bile duct 
be combined with choledochoduodenostomy (Thomas 
et al., 1971; Johnson and Rains, 1972: Stuart and 
Hoerr, 1972). Of course, the latter procedure does not 
ensure removal of all the stones from the duct but 

nerely serves to provide an alternative biliary-enteric 
pathway should there be any residual stones blocking 
the common bile duct. Furthermore, choledochoduo- 
denostomy is not an innocuous procedure; it may be 
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complicated by cholangitis, especially where the 
stoma is less than 2cm in diameter (Johnson and 
Rains, 1972); there may be bile leakage (Barner, 1966; 
Johnson and Rains, 1972), a carcinoma of the ampulla 
of Vater might be missed, and the lower end of the 
obstructed duct forms a ‘sump’ in which biliary stasis 
may lead to recurrent stone formation (Warren and 
Kune, 1965; Madden et al., 1970). Moreover, Thomas 
and his colleagues concluded that choledochoduo- 
denostomy was contraindicated in cases of ampullary 
stenosis with a normal or narrow common bile duct, 
in patients with recurrent pancreatitis and where 
there was a stone impacted in the ampullary region. 
However, in some circumstances, choledochoduo- 
denostomy may be the operation of choice—for 
example, in a patient who constitutes a particularly 
bad surgical risk, where there is a recent history of 
pancreatitis and when the second part of the duo- 
denum is inaccessible (Thomas et al., 1971). Never- 
theless, when there are multiple stones in the duct, 
we feel that simultaneous combined supraduodenal 
and transduodenal exploration offers the best chance 
of complete removal of stones and debris. Further- 
more, if stones are overlooked, the sphincterotomy 
should allow these to pass into the duodenum either 
spontaneously or following the irrigation of the 
duct via the T tube. Indeed, we regard this operation 
as the procedure of choice when the common bile 
duct has to be explored for retained stones. The fact 
that the ampullary region is directly visualized during 
the procedure is an obvious added advantage in that 
pathology within the duodenum can be recognized 
and dealt with (Wright, 1960). 

In this series we encountered 6 cases of stricture 
formation in the region of the papilla. Recognizing the 
difficulty in distinguishing between spasm and true 
stricture formation in this region—particularly since 
even a histological demonstration of fibrosis is not 
necessarily synonymous with stricture formation 
(Mahorner and Browne, 1955; Cattell et al., 1957; 
Partington, 1966; Niederle, 1967; Hunter, 1972)—we 
accepted a diagnosis of stricture of the ampullary 
region when the peroperative cholangiogram showed 
complete obstruction at the level of the papilla and 
when, on opening the duodenum, it was impossible 
to pass a 3-mm bougie through the ampulla into the 
duodenum (Doubilet and Colp, 1937; Goldsmith and 
Sterling, 1954; Mahorner and Browne, 1955; Cattell 
et al., 1957; Newman et al., 1958). It is also worth 
noting that in assessing the patency of the ampulla 
by passing bougies downwards through the common 
bile duct, it is important to be certain that the bougie 
has actually passed through the sphincter; in many 
cases, the bougie seems to have entered the duo- 
denum but on duodenotomy it becomes apparent 
that the bougie is simply pushing the sphincter before 
it towards the duodenal lumen and that actual pene- 
tration of the sphincter has not occurred (Mahorner 
and Browne, 1955). Clearly, in doubtful cases, exact 
assessment of the periampullary region and of the 
patency of the sphincter can be achieved only after 
transduodenal exploration. 

Although in two cases sphincterotomy was per- 
formed in an attempt to relieve recurrent pancreatitis 
associated with gallstone disease, we accept that it is 
doubtful whether or not this procedure influences the 
course of this condition (Doubilet and Mulholland, 
1956; Thistlethwaite and Smith, 1963). 


To date we have not encountered stricture formation 
in the periampullary region following sphincterotomy, 
although this must be accepted as being theoretically 
possible. Nevertheless, in this context, it is interesting 
to recall that Peel performed duodenoscopy on 13 
patients some 4-12 months after sphincterotomy and 
in each instance he found that the ampulla was widely 
patent with no suggestion of stricture formation (Peel 
et al., 1974) 
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The treatment of haemobilia 


S. A. TAYLOR AND J. L. DAWSON* 


SUMMARY 

This paper describes 4 cases of haemobilia. The use 
of hepatic arterial ligation in its management is dis- 
cussed. Attention is drawn to the raised serum amylase 
level in the 2 patients in whom it was measured. 


HAEMOBILIA is à rare complication of hepatic trauma. 
The majority of cases of haemobilia in the younger 
age group are caused by trauma. Inflammation, 
stone, vascular malformation and tumour account 
for the rest. The term haemobilia was first used by 
Sandblom (1948) to describe bleeding from the biliary 
tract. Since then numerous cases have been reported. 
Wilkinson et al. (1968) found 31 cases in the world 
literature and added 3 of their own, and other major 
reviews have followed (Sandblom, 1972; McGehee 
et al., 1974). Haemobilia usually presents as repeated 
bouts of acute haemorrhage. The mortality rate 
untreated is almost 100 per cent, but occasional cases 
have been reported that resolve spontaneously without 
operation (Hendren et al., 1971). Less commonly, 
the bleeding is occult and leads to iron deficiency and 
anaemia. 


Case reports 

Case 1: A 19-vear-old Indian female with thalassaemia major 
had a liver biopsy to assess iron stores. After the biopsy she 
complained of right upper quadrant pain, was jaundiced and 
passed a melaena stool. The haemoglobin concentration fell 
to 7:3 g/dl and the serum amylase rose to 7000 SI units. She 
was transfused with whole blood and given glucagon and 
Trasylol. She continued to bleed and the serum amylase 
remained elevated at 1200 SI units. At laparotomy 6 days after 
the liver biopsy the gallbladder and common bile duct were 
found to be distended with blood and bile. The pancreas was 
oedematous. Cholecystectomy and T tube drainage of the 
common bile duct was performed and saline lavage commenced. 
After operation the serum amylase fell to 350 SI units. No 
further bleeding occurred until the eighth postoperative day 
when another melaena stool was observed. A selective hepatic 
arteriogram showed a leak of contrast medium from a branch 
of the right hepatic artery. Because of continued bleeding she 
underwent further exploration at which a subhepatic collection 
of blood and bile was drained. The right hepatic artery was 
ligated. She then made an uneventful recovery and the bleeding 
ceased. She remains fit and well. 


Case 2: A 32-year-old male presented with an acute abdomen. 
He proceeded to laparotomy at which an inflamed gallbladder 
with necrotic patches and containing stones was removed. The 
gallbladder bed was not oversewn. Recovery was uneventful. 
Four months later he developed acute right upper quadrant 
pain and haematemesis. Emergencv gastroscopy revealed fresh 
blood in the stomach but no origin of the bleeding could be 
seen. One month later a similar episode occurred. On this 
occasion the haemoglobin concentration was 8:0 g/dl and the 
serum amylase was 1800 SI units. After transfusion, an 
emergency laparotomy and gastrectomy failed to show the site 
of the bleeding. Three days postoperatively he bled again. An 
hepatic arteriogram showed an aneurysm of the right hepatic 
artery at the porta hepatis. The common hepatic artery was 
ligated close to the porta hepatis. No more bleeding occurred 
but he died 14 days later after septicaemia and respiratory 
arrest. At post-mortem the left lobe of the liver was infarcted. 
The right lobe of the liver was normal and the presence of the 
aneurysm confirmed. 





Fig. 1. An hepatic arteriogram of a patient with post- 
traumatic haemobilia (Case 4). It shows a number of 
abnormal vessels displaced around an avascular area in the 
territory of the right branch of the left hepatic artery. 





Fig. 2. A subtraction film of the same arteriogram in a later 
phase showing the avascular area more clearly. 


Case 3: A 52-year-old male presented with a 30-cm diameter 
swelling in the right upper quadrant which was an hydatid cyst 
(Casoni positive). Through a right thoracoabdominal incision 
a right hepatic lobectomy was performed for two large hepatic 
cysts. He made a good recovery initially but required re- 
admission 1 month later because of right upper quadrant pain 
associated with sweats, jaundice and melaena. Gastroscopy 
failed to show a cause of the bleeding. The jaundice faded and 
no more bleeding occurred. After another episode of bleeding 
| month later, hepatic angiography failed to show any abnor- 
mality, but in spite of this melaena continued and the abdomen 
was explored. A large encapsulated haematoma below the liver 
was drained. The patient did well for a period of 3 months. 
After another bleed he was transferred to King's College 
Hospital, where, on examination, he was seen to be jaundiced 
and ascites and fresh melaena were noted. Serum bilirubin was 
140 umol/l and the alkaline phosphatase was grossly elevated. 
The remaining left lobe of the liver was normal on scanning. 
Because of continued bleeding a further laparotomy was 
performed. An operative cholangiogram showed filling defects 
suggestive of clot in the common bile duct. The hepatic artery 
was ligated close to the porta hepatis. No more bleeding 
occurred and the patient made a satisfactory recovery. 


* King’s College Hospital, London. 


Case 4: A 7-year-old boy was trapped against a wall by a milk 
float and required laparotomy for abdominal trauma. A 15-cm 
laceration in the left lobe of the liver was found and sutured. 
The abdomen was closed with drainage and he made a good 
recovery. Two weeks later he had a haematemesis and right 
upper quadrant pain. He was transfused. A barium meal 
showed no abnormality. Two weeks later a similar episode 
occurred and he was transferred to King’s College Hospital. 
A liver scan was reported as showing some separation betweeen 
the right and left lobes of the liver. An hepatic arteriogram 
showed a number of abnormal vessels displaced around an 
avascular area 3 cm in diameter in the territory of the right 
branch of the left hepatic artery. At laparotomy there was no 
trace of the previous liver injury. The right branch of the left 
hepatic artery was ligated and a cholecystectomy done. No 
more bleeding occurred. A tube cholangiogram was normal on 
the tenth postoperative day after which the tube was removed. 
Four years later he is very well and liver scan and liver function 
tests are entirely normal. 


Discussion 

The diagnosis of haemobilia is made by being aware 
of the possibility of its existence and is confirmed 
using various diagnostic techniques. Either the type 
of liver injury or the method of treatment may suggest 
the possibility of haemobilia. Haemobilia is usually 
accompanied by right upper quadrant pain similar 
to biliary colic. Jaundice may be present together 
with other abnormalities of liver function tests, in 
particular the serum alkaline phosphatase and the 
transaminases. Barium meal examination may show 
impressions on the first part of the duodenum by the 
distended supraduodenal portion of the common bile 
duct (Wilkinson et al., 1968). 

Ultrasonography has been used to diagnose intra- 
hepatic haematoma when responsible for haemo- 
bilia (Archer, 1976); it can also be used to demonstrate 
the disappearance of such a lesion after treatment 
by hepatic ligation. Selective arteriography is a very 
reliable way of showing the origin of the bleeding 
(Sandblom, 1972). Occasionally the bleeding source 
cannot be demonstrated, as in Case 3 in our series 
and in the case quoted by Archer (1976). To these 
investigations we can add one further diagnostic test, 
that of elevation of the serum amylase during the 
course of the illness. Only 2 of our cases had this 
test done but in both it was positive, and the level 
remained elevated above 1000 SI units until the 
bleeding was controlled. The use of Trasylol in both 
cases was accompanied by some reduction of pain 
and lowering of the serum amylase but this was not 
complete until haemobilia ceased. The mechanism of 
the hyperamylasaemia is probably explained by the 
obstruction of the biliary tract by blood clot. This 
produces a reflux of amylase back into the lymphatics 
from the pancreas and thence into the circulation. 
This situation is sometimes seen in afferent loop 
obstruction of the gastroenterostomy, when the 
serum amylase may be very high, and may lead to an 
erroneous diagnosis of pancreatitis, which delays 
operative relief of the obstruction. The mode of treat- 
ment of liver trauma determines whether the compli- 
cation of haemobilia occurs or not. If, during the 
exploration of the abdomen for liver trauma, an intra- 
hepatic haematoma or destroyed liver tissue is found, 
then evacuation of the contents and adequate drainage 
should be established. Failure to do so may result 
in sepsis and possible haemobilia. The same principle 
applies to the management of the linear surface 
tears associated with blunt liver trauma. Attempts to 
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close this type of wound can result in an intrahepatic 
collection of blood and bile which ruptures into 
the biliary tree, producing haemobilia (Walt, 1974). 
Attention has been drawn to the use of more con- 
servative surgery at the time of the initial exploration 
of a patient with hepatic trauma (Mays, 1976). It is 
suggested that correctly placed drains, avoidance of 
deep suturing in the liver substance or tight suturing 
of lacerations, together with hepatic artery ligation, 
will avoid the complication of haemobilia. The use of 
an omental graft to plug a defect on the liver is 
preferable to the use of gauze packing. Most of the 
reported cases of traumatic haemobilia have been in 
patients in whom packing or suturing was used to 
stop the initial bleeding (Mays, 1976). 

The control of haemobilia by hepatic artery liga- 
tion is now well established (Mays, 1967). The 
artery should be tied as close to the porta hepatis as 
possible. Increased oxygen extraction from the portal 
blood appears to be the main mechanism by which 
hepatocellular damage is avoided (Mays, 1967). 
Ligation of the hepatic artery in the presence of 
severe hypotension or existing hepatocellular dys- 
function is associated with a high incidence of 
hepatic necrosis and deaths (Mays, 1967). Case 2, 
in whom the common hepatic artery was ligated 
during massive haemorrhage from the biliary tree, 
illustrates this point—the consequence was infarction 
of the left lobe of the liver. Accurate arteriographic 
localization of the bleeding vessels in the liver allows 
the appropriate branch of the hepatic artery to be 
ligated, as in Case 4. This was associated with a 
normal liver scan and normal liver function tests and 
agrees with Mays' findings (1967). 

Ligation of the hepatic artery may prove to be a 
useful method for the treatment of haemobilia to- 
gether with adequate drainage of any cavity within 
the liver. The alternative procedure of hepatic re- 
section is possibly a more formidable one, and 
difficult to perform in a patient who has already 
undergone one laparotomy for trauma and in whom 
there may also be intercurrent sepsis (Wilkinson, 
1968; Walt, 1974). 
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The use of endoscopy in the surgical treatment of 


the Mallory-Weiss syndrome 


C. METCALFE-GIBSON AND S. C. CHAUDHURY* 


SUMMARY 

Fibreoptic endoscopy has provided a new dimension in 
the diagnosis and management of oesophageal and 
upper gastrointestinal disorders. Its value as an aid to 
surgery of the lower oesophagus is demonstrated in a 
case of the Mallory-Weiss syndrome. 


CowrROL of bleeding in patients with the Mallory- 
Weiss syndrome can present considerable technical 
problems to the surgeon. This report describes a 
technique for visualizing the tear through a fibreoptic 
endoscope during laparotomy in order to obtain a 
complete view of the full extent of the lesion and to see 
that sutures are placed accurately to control the 
bleeding. By means of this technique, the need for 
a thoracoabdominal approach with an extensive 
oesophagogastrotomy can be avoided. 


Case report 

J. D., a Sl-year-old salesman, felt nauseated whilst driving on 
the motorway after a business dinner. He managed to prevent 
vomiting voluntarily until he got off the carriageway, where- 
upon he vomited forcibly. The vomitus did not contain any 
blood. 

The following morning, after passing a melaena stool and 
vomiting fresh blood, he was admitted to Sharoe Green 
Hospital. He gave a history of duodenal ulcer which had been 
diagnosed radiologically 10 years previously following a 
haematemesis. He had complained of intermittent dyspepsia 
and had taken antacids ever since. 

On examination he was pale and showed early signs of 
shock. The blood pressure was 90/60 mmHg, the pulse rate 
was 100/min and the haemoglobin was 7 g/dl. 

The blood transfusion service had difficulty in cross- 
matching blood and could not promise an adequate supply for 
6h. He continued to vomit fresh blood and as his condition 
deteriorated rapidly, an emergency laparotomy was decided 
upon. 

At operation the duodenum showed evidence of a healed 
anterior ulcer. Duodenotomy revealed a mild duodenitis, but 
no evidence of posterior ulceration. The stomach was distended 
and a litre of solid blood clot was removed through an anterior 
gastrotomy. Brisk haemorrhage could be seen from a mucosal 
laceration | cm long on the lesser curve aspect at the cardia. 
This laceration could be felt extending into the lower oesophagus 
for some 7 cm. The gastric laceration was oversewn with a 
running catgut suture. A number of interrupted sutures were 
placed blindly into the oesophageal tear, but did not control the 
haemorrhage satisfactorily. 

A side-viewing gastroscope was passed and the nasogastric 
tube adjusted to assist maintenance of a clear field of vision. 
With an assistant controlling the gastroscope and giving 
instructions it was possible to position sutures accurately and 
achieve rapid control of the haemorrhage (Fig. 1). Intermittent 
occlusion of the oesophageal opening with packs enabled 
sufficient air distension of the lower oesophagus to check the 
operative field more precisely. 

The duodenotomy incision was converted toa pyloroplasty and 
a corrugated drain placed near the closed gastrotomy incision. 

Eight hundred millilitres of blood were lost during the 
operation and the patient’s condition remained serious until 
blood became available for transfusion. 

The drain produced a copious purulent discharge for 2 weeks 
and the wound became markedly inflamed. The patient was 
discharged from hospital on the sixteenth postoperative day. 
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Fig. 1. Suture of an oesophageal laceration under gastroscopic 
control. 


Discussion 

Traumatic lacerations of the gastric mucosa following 
vomiting are probably more common than presently 
realized. Patients who present with transient haema- 
temesis and melaena and who settle with conservative 
therapy and negative barium studies may be er- 
roneously diagnosed as having gastric erosions. In the 
more severe cases in whom surgery is indicated, it 
may be difficult to prevent the lacerations extending 
because of overzealous intragastric retraction. This 
danger is increased if the patient is obese and has low 
narrow costal margins, preventing adequate exposure. 

In cases where lacerations extend into the lower 
oesophagus, access may be improved by stay sutures 
to pout the oesophageal mucosa into the stomach. 

For lacerations which extend higher into the lower 
oesophagus, it may be necessary to extend the 
incision into the left chest and expose the bleeding site 
by opening the oesophagus. This carries a considerably 
greater morbidity. 

Electrocautery performed through the gastroscope 
has been advocated by Papp (1976). He successfully 
controlled haemorrhage in 5 of his 6 cases of the 
Mallory-Weiss syndrome. Colcher (1975) disapproves 
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of this technique for fear of subsequent damage to the 
oesophagogastric sphincter mechanism, but this is 
only a theoretical objection. 

Electrocautery was not available to us and it is 
doubtful if such brisk haemorrhage could have been 
controlled by this means. 

. The risk of producing severe postoperative infection 
by passing a non-sterile instrument through a con- 
taminated oropharynx and oesophagus was considered, 
but was felt to be justified in this particular case. 

-- The technique described is simple and effective, but 
calls for skilful assistance in controlling the gastro- 
scope. 
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Oesophageal resection with cervical 
oesophagogastrostomy for corrosive oesophageal 


stricture 
T. K. TI AND V. SIVALOQGANATHAN* 


SUMMARY 

An 8-year experience of the surgical treatment of 28 
patients with corrosive oesophageal stricture is re- 
viewed. Eight patients underwent oesophageal bypass 
using colonic or jejunal graft with one death (12-5 per 
cent mortality). The single death (5 per cent mortality) 
among 20 patients undergoing oesophageal resection 
was not related to the technical difficulty of the opera- 
tion. In 17 of these patients reconstruction was by 
cervical oesophagogastrostomy and in 2 by pharyngo- 
gastrostomy. One case of oesophageal carcinoma 
occurred among 5 cases of corrosive stricture exceeding 
20 years in duration. Oesophageal resection for severe 
corrosive stricture is not a hazardous procedure as 
generally believed and is desirable in view of the pre- 
malignant nature of corrosive stricture. Reconstruction 
by cervical oesophagogastrostomy after oesophageal 
resection is advantageous because of its relative sim- 
plicity and safety. 


OESOPHAGEAL resection for corrosive stricture remains 
a controversial procedure. Stressing the hazards of 
dissecting out a severely damaged oesophagus, many 
surgeons advocate and perform bypass procedures 
with colon transplant (Nardi, 1957; Chien et al., 1974; 
Kirsch and Ritter, 1976). Nevertheless, the develop- 
ment of carcinoma in a residual stenosed oesophagus 
is well established (Benedict, 1941; Bigger and Vinson, 
1950; Kiviranta, 1952; Bigelow, 1953; Arrants et al., 
1965; Gerami et al., 1971; Imre and Kopp, 1972). In 
the present authors’ department, bypass procedures 
for corrosive oesophageal stricture have been super- 
seded since 1972 by oesophageal resection and recon- 
struction by cervical oesophagogastrostomy. An 
8-year experience (1969-76) of 28 patients with cor- 
rosive stricture treated surgically is reviewed here. 
Oesophageal resection was performed in 20 of these 
patients. 


Patients and methods 

Twenty of the patients were female and 8 male. Their ages 
ranged from 6 to 46 years, 11 being between 15 and 20 vears 
of age. Caustic soda was the usual corrosive agent (25 cases) 
and formic acid (used in the rubber industry) was ingested in 3 
instances. The majority of cases (20) were suicide attempts but 
ingestion of corrosive was accidental in 8. The interval between 
the ingestion of corrosive and the time of reconstruction ranged 
from 2 to 6 months in 7 patients, from 7 months to 2 years in 
14, from 5 to 10 years in 2 and exceeded 20 vears in 5. Ingestion 
of corrosive occurred most frequently in late adolescence, i.e. 
between 15 and 20 years of age (18 cases). 

Stricture occurred in a single segment of the oesophagus in 
16 patients (middle third 12; lower third 3, upper third I case), 
12 patients had a stricture in two or all three segments (middle 
and lower third 6, middle and upper third 2, all three segments 
4); and a total of 7 patients had a stricture of the upper third 
and in 2 of these the stricture involved the region of the crico- 
pharyngeus and hypopharynx. Three patients had associated 
pyloric obstruction due to the corrosive agent. 

Of 16 patients who had received antegrade dilatation, 3 had 

oesophageal perforation; 2 of these received initial conservative 


treatment while the third underwent emergency oesophagec- 
tomy and cervical oesophagogastrostomy. Ten patients had 
had a feeding gastrostomy constructed previously. 

The resected oesophagus of 2 patients showed carcinoma, 
and these cases have been reported previously (Ti, 1976). There 
is little doubt that the corrosive stricture had a causal relation 
to malignant change in a 46-year-old woman who had swallowed 
caustic soda 30 years earlier. A very early carcinoma involving 
only mucosa was found in a 35-year-old man, but as the time 
interval between ingestion of the caustic agent and diagnosis 
of carcinoma was only 10 months, the association was probably 
coincidental in this patient. 


Oesophageal bypass and reconstruction with colon or jejunum 
During the period 1969-71, 8 patients underwent bypass pro- 
cedures. Through a retrosternal tunnel a right colonic graft was 
interposed between the cervical oesophagus and the stomach 
in 7 patients. A retrosternal jeiunal transplant was used on the 
eighth patient and was also successfully used as a second 
procedure in a patient with a necrosed colon transplant. 


Oesophageal resection with cervical oesophagogastrostomy 
Since 1972 (5 years), we have performed oesophageal resection 
in 20 patients with severe corrosive oesophageal stricture. 
Except in a 6-vear-old child, in whom interposition with trans- 
verse colon was performed, reconstruction with stomach has 
been the standard procedure emploved. Adequate nutrition 
was ensured before surgery. The thoracic phase of the operation 
was normally performed under left lung anaesthesia. Prophy- 
lactic mechanical respiration was continued for 12-48 h in the 
postoperative period and nasogastric suction was maintained 
for 5 days. 


The operation: The operation is a modification of the technique 
of ‘total oesophagectomy' for cancer (McKeown, 1969). An 
upper midline incision is made and the gastrostomy, if present, 
is excised and sutured longitudinally. The stomach is mobilized 
along the greater curvature outside the gastroepiploic arch; the 
short gastric vessels are ligated, freeing the gastric fundus. The 
left gastric vessels are secured close to their origin and the 
lower oesophagus mobilized; the right diaphragmatic crux is 
divided. Kocher's manoeuvre extensively mobilizes the duo- 
denum and the head of the pancreas, permitting the pylorus 
to reach the diaphragmatic hiatus. Pyloroplasty is performed 
in the presence of gastric outlet obstruction. Two of the patients 
had marked fibrosis of the antrum due to corrosive but it was 
possible to obtain adequate stomach length by a long pyloro- 
plasty. 

After abdominal closure, right thoracotomy is performed 
through the fifth or sixth intercostal space with the patient in 
the left lateral position. The vena azvgos is divided and dis- 
section of the oesophagus is begun above and below the stric- 
tured segment. We keep close to the oesophageal wall, dividing 
oesophageal vessels and strands of perioesophageal fibrosis 
between ligatures. The extent of perioesophageal fibrosis 
varies from case to case, remaining soft and vascular for several 
months after corrosive ingestion. 

The stomach, delivered into the thorax, is divided and closed 
at the cardia. A stout silk suture anchors the most craniad 
part of the gastric fundus to the divided oesophagus. The lower 
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half of the stomach is stretched and retained in the oesophageal 
bed by interrupted silk sutures, after which the chest is closed. 

With the patient placed in the supine position and with the 
neck extended, a right transverse cervical incision is made 
dividing the sternomastoid in the line of incision. The oeso- 
phagus is approached and freed through the space between the 
thyroid and the carotid sheath, taking care to preserve the 
recurrent laryngeal nerves. Traction on the oesophagus delivers 
the gastric fundus which is then anchored posteriorly to the 
prevertebral fascia. The cervical oesophagus is anastomosed to 
an opening made in the gastric fundus. Although a single layer 
of interrupted silk is adequate for the anastomosis, it is prefer- 
able to create a valve as an antireflux procedure by inversion 
of the oesophagus into the stomach with a second layer of 
interrupted silk. Anchoring the fundus of the stomach to the 
sternomastoid anteriorly further helps to relax the anastomosis. 

In 2 patients there was severe stricturing of the cervical 
oesophagus and hypopharynx so that it was not possible to 
preserve an oesophageal stump, and thus pharyngogastrostomy 
was performed. The gastric fundus was anastomosed to the 
lateral pharyngeal wall in one instance and at the level of the 
cricopharyngeus in the second patient. 


Combined synchronous technique: A variation of technique 
favoured by one of us (V. S.) is to place the patient in a semi- 
supine position with sandbags under the right chest. This 
position enables the three stages of the operation to be per- 
formed with a single draping. It reduces operating time and 
allows two teams to work synchronously, one starting in the 
abdomen and the other mobilizing the cervical oesophagus. 
The approach to the thoracic oesophagus through a right 
anterolateral thoracotomy is facilitated by tilting the operating 
table to the left. 


Results 


Oesophageal bypass and reconstruction with colon or 
jejunum 

In addition to the previously mentioned necrosis in 
one patient, an anastomotic leak occurred in 2 
patients (cervical 1, abdominal 1). There was one 
death from peritonitis and septicaemia, giving a 
mortality rate of 12-5 per cent. 

= Among the 7 patients who survived the operation, 
4 were followed up for 1—2 years, 2 for 2-3 years and 
1 for 6 years. Six patients had good results, being 
able to swallow solids and/or semi-solids adequately; 
however, one of these patients committed suicide with 
arsenic within a year. One patient had a poor result, 
being able to swallow liquids only. She died in a poor 
state from drug-induced acute liver failure 13 years 
after surgery. 


Oesophageal resection with cervical oesophagogastro- 
stomy 

Barium swallow examination on the fifth postopera- 
tive day revealed in 3 cases transient minor leaks 
which healed rapidly with parenteral nutrition. Laparo- 
tomy was performed on | patient for postoperative 
haemorrhage. The same patient presented 2 months 
later with a false aneurysm of the right common 
carotid which was treated by proximal and distal 
ligation. He developed recurrent dysphagia which was 
corrected by revision of the anastomosis. 

There was one operative death (5 per cent mortality). 
This occurred early in the series (1972) in a 45-year-old 
woman, death occurring on the sixth postoperative 
day from acute haemolysis and renal failure. The pre- 
cipitating factor initiating haemolysis was not ascer- 
tained but low glucose-6-phosphate dehydrogenase 
was probably a significant contributing factor. 
Autopsy revealed an intact oesophagogastrostomy. 
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Among the 18 patients who survived oesophageal 
resection and cervical oesophagogastrostomy or 
pharyngogastrostomy 6 were followed up for 2-6 
months, 5 for 7-12 months, 2 for 1—2 years and 5 for 
2-4 years. With the exception of the case of recurrent 
stricture corrected by anastomotic revision, adequate 
swallowing of solids/semi-solids has been obtained. 
The 2 cases of pharyngogastrostomy, however, require 
close follow-up. One has remained well for 8 months 
after a single postoperative oesophageal dilatation and 
the second patient has had three easy dilatations over 
a 6-month period. 


Discussion 

Although the rate of association of oesophageal car- 
cinoma and corrosive stricture is usually said to be 
2-5 per cent (Benedict, 1941; Hollinger and Hara, 
1942; Bigger and Vinson, 1950), Kiviranta (1952) esti- 
mated that malignant change would develop in | 
approximately one-third of patients with corrosive 
stricture within a period of 30 years. In our small 
series, we had 1 case of carcinoma in 5 instances of 
corrosive stricture exceeding 20 years in duration. 

In the surgical reconstruction of severe corrosive 
stricture, resection of the potentially malignant 
oesophagus is obviously desirable if it can be per- 
formed safely. It has often been said that dense peri- 
oesophageal adhesions render oesophagectomy 
hazardous and the operative mortality prohibitive 
(Nardi, 1957; Chien et al., 1974; Kirsch and Ritter, 
1976). Our experience in 20 patients with oesophageal 
resection indicates that this is not necessarily the case. 
The single death in our series was not related to the 
technical difficulties of oesophageal resection and the 
mortality rate of 5 per cent appears acceptable and is 
in fact lower than our operative mortality with bypass 
procedures (12-5 per cent). However, unlike oeso- 
phageal carcinoma, corrosive stricture usually pre- 
sents in young patients with good cardiorespiratory 
function and a nutritional state capable of correction 
before surgical reconstruction. Thus, a considerably 
lower operative mortality might be expected in oeso- 
phageal resection for corrosive stricture than for 
carcinoma. 

Reconstruction by cervical oesophagogastrostomy 
has been used with enthusiasm following oesophagec- 
tomy for cancer (McKeown, 1969, 1973, 1976; Ong, 
1971) and our experience indicates that it is equally 
suitable after oesophageal resection for corrosive 
stricture. The advantages of reconstruction with 
stomach over the use of colon or jejunum (e.g. relative 
simplicity, single anastomosis, ready epithelial union 
between cervical oesophageal and gastric mucosa) 
have been elaborated previously (McKeown, 1973), 
and we believe that this method of reconstruction has 
contributed to our acceptable levels of operative 
morbidity and mortality. 

Barium swallow examination on the fifth postopera- 
tive day revealed three minor anastomotic leaks which 
were of little clinical significance. The procedure 
served to evaluate our surgical technique, and its 
routine use appears unnecessary once the surgeon's 
skill is proved. 

Routine use of prophylactic mechanical respiration 
for 12-48 h ensured that postoperative hypoxaemia 
did not occur in any of our patients. Nevertheless, 
mechanical respiration has certain disadvantages, 
e.g. technical mishaps and slight reduction in cardiac 
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output (Grenvik, 1966), and moreover experience of 
oesophagectomy with cervical oesophagostomy for 
carcinoma (McKeown, 1976) has shown adequate 
spontaneous respiration in the postoperative period 
in all but feeble patients or those with pre-existing 
chest disease. Prophylactic mechanical respiration is 
thus most clearly indicated in this group of high risk 
patients, but in the absence of a controlled trial its 
value in the relatively fit patient is uncertain. 
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Fibrinolytic activity of the vein wall after surgery 


M. ABERG AND I. M. NILSSON* 


SUMMARY 

The fibrinolytic system, including the fibrinolytic 
activator activity of vein wall and fibrinolytic activity 
in blood after venous occlusion, was analysed in 43 
patients before and on the third day after operation. 
Twenty-two of the patients underwent abdomino- 
perineal amputation of the rectum and 21 had a chole- 
cystectomy. The incidence of postoperative thrombosis 
was assessed by means of the isotope method and 
phlebography. 

The results indicate that a decrease in fibrinolytic 
activity of the vein wall and/or in the release of fibrino- 
lytic activator from the vein wall is a regular post- 
operative phenomenon, especially after major surgery. 
Malignant tumour of the rectum did not have any 
depressing effect on the fibrinolytic activator. All the 
patients with thrombosis after operation had a post- 
operative fibrinolytic defect of the vein wall compared 
with about 60 per cent of the other patients. It is 
concluded that postoperative changes in the parameters 
studied might be of significance for the development of 
thrombosis after operation. 


DrsPrrE extensive research, the ultimate cause of 
venous thrombosis and pulmonary embolism, two 
dreaded complications of surgery, is still obscure 
(Egeberg, 1962; Olow, 1963; Chakrabarti et al., 1969; 
Ygge, 1970; Mansfield, 1972; Gallus et al, 1973; 
Gordon-Smith et al, 1974; MacIntyre et al., 1976; 
Walsh et al., 1976). 

Isacson and Nilsson (1972) have produced con- 
vincing evidence that a low level of fibrinolytic 
activator activity in, or a deficient release of activator 
from, vessel walls contributes to the development of 
‘idiopathic’ venous thrombosis. But it is not known 
whether such a deficiency occurs after surgery and, if 
so, whether it varies to any noteworthy extent with 
the type of operation. The purpose of this study was 
therefore to investigate not only the fibrinolytic 
components of the blood, the fibrinolytic activator 
activity in the vessel wall and its release into the blood- 
stream, but also to attempt to correlate the findings 
with the development of postoperative venous 
thrombosis. A preliminary report of the study was 
published in 1974 (Aberg et al., 1974). 


Patients and methods 


Clinical material 

The age and sex distribution of the 43 patients is given in 
Table I. The series was divided in two groups: group I consisted 
of 22 patients with rectal carcinoma. 20 of whom underwent 
abdominoperineal amputation of the rectum and 2. low 
anterior resection. Group 2 was composed of 21 patients with 
gallstone disease. Fifteen underwent simple cholecystectomy 
and 6 also had an exploration of the common bile duct. 


Laboratory methods 

The following determinations were made: plasminogen 
(Ganrot and Niléhn, 1968), fibrinolytic activity of resuspended 
euglobulin precipitate on unheated fibrin plates (Nilsson and 
Olow. 1962). inhibitors of plasminogen activation by urokinase 
(urokinase inhibitors) (Paraskevas et al.. 1962), x,-macro- 
globulin (Ganrot, 1966) and fibrin/fibrinogen degradation 
products (FDP) (blood collected with EACA) (Niléhn. 19671. 


Fibrinolytic activity after venous occlusion: Venous occlusion 
was induced by placing a sphygmomanometer cuff around 
each upper arm and inflating it to a pressure midway between 
the systolic and diastolic blood pressure for 20 min. Blood 
samples for determination of the fibrinolytic activity of 
resuspended euglobulin precipitate were obtained from each 
arm before inflation and immediately before deflation of the 
cuff. The samples were obtained from a cubital vein. The 
normal range of fibrinolytic activity is 158-500 mm? (Robertson 
et al., 1972). 

fibrinolytic activator activity of superficial vein wall: A segment 
of a vein of the hand was excised under local anaesthesia 
(0-5 per cent Carbocaine). The vein segment was immediately 
frozen and then examined by the autography technique of 
Todd (1958), as modified by Pandolfi et al. (1967, 1968). This 
technique enables quantification of the fibrinolytic activity. 
According to the grading system of Pandolfi, the normal 
fibrinolytic activator activity of superficial veins of the hand 
ranges from 6 to iI arbitrary units. The reproducibility of this 
system is good (Pandolfi et al., 1972). 

After operation the patients were examined with !?5I-labelled 
fibrinogen for thrombosis (Atkins and Hawkins, 1968; Flanc 
et al., 1968). The isotope was injected the day before operation. 
if the isotope test was positive, the diagnosis of thrombosis was 
confirmed by phlebography. 


Procedure 
All analyses were performed preoperatively and on the third 
postoperative day. Seventeen of the patients in group 1 were 
also examined 3 months after the operation. 

Informed consent, especially regarding the venous biopsy, 
was obtained from all the patients. 


Statistical methods 

The level of significance was calculated by Student's z test. 
The difference between biopsy specimens was estimated by 
Wilcoxon's rank sum test. 


Results 

The plasminogen, fibrinolytic activity on fibrin plates, 
urokinase inhibitors, «,-macroglobulin and FDP 
values found in group 1 before operation, on the 
third day and 3 months after operation are given in 
Table U. Table LH gives the fibrinolytic activity on 
fibrin plates after venous occlusion and the fibrino- 
lytic activator activity in superficial vein walls at the 
same time intervals. 


Tabie I: SEX AND AGE DISTRIBUTION OF THE 
PATIENT SERIES 


_ Age 
Diagnosis Sex x49 30-59 60-69 70-79 Total 
Rectal carcinoma M 5 9 2 16 
F i | 3 I 6 
Gallstone disease M i 1 2 
F 3 6 9 i 19 
Total 4 13 21 5 43 





The corresponding results in group 2, recorded 
before and on the third day after operation, are shown 
in Tables IV and V. 
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Table II: VARIOUS PARAMETERS MEASURED IN GROUP 1 BEFORE, 3 DAYS AND 3 MONTHS AFTER 


OPERATION 
Before op. 3 days after op. P 3 months after op. P 
Plasminogen (95) 115-9 +. 29-3 74-2 -+209 P<0-001 89:8 22-6 P« 0-05 
Fibrinolytic activity on fibrin plates 19-5 -219 ]2:3--28-8 P «0-40 28-7431 P010 
(mm?) | 

Urokinase inhibitors (?4) 110-9 23-0 186-3 i 119-1 P<0-01 119-14-27-1 P<0-05 
a - Macroglobulin (95) 101-8 =. 30-3 93:4 4-27 P<0-50 1144-433 P< 029 
FDP (ug/mb 0 9-5-- 8:3 P «0-001 5-1 +153 P«0-10 


Values are mean s.d. 


Table HI: FIBRINOLYTIC ACTIVITY OF EUGLOBULIN PRECIPITATE ON UNHEATED FIBRIN PLATES AFTER 
VENOUS OCCLUSION AND FIBRINOLYTIC ACTIVATOR ACTIVITY IN SUPERFICIAL VEIN WALL IN 
GROUP I BEFORE, 3 DAYS AND 3 MONTHS AFTER OPERATION 


Before op. 
Fibrinolytic activity on fibrin plates after 321-24. 139-9 
venous occlusion (mm?*?)* 
Fibrinolytic activator activity in vein walls 8.25 


(arbitrary units) 


3 days after op. P 3 months after op. P 
220-443-1325 P «0:01 327-1 41328 P «0:008 
5:75 P «0-001 6:5 P005 





Values are mean s.d. for fibrinolytic activity and median for fibrinolytic activator activity. 


oo 


* Venous occlusion was of 20 min duration. 


Table IV: VARIOUS PARAMETERS MEASURED IN 
GROUP 2 BEFORE AND 3 DAYS AFTER OPERATION 


Before 3 days 
Op. after op. P 
Plasminogen (95) 106-7 103-9 P<0-80 
217 4243 
Fibrinolytic activity on 13-7 15-6 P<0-80 
fibrin plates (mm?) -+136 4-202 
Urokinase inhibitors 130-1 151-4 P«0-01 
b i5 03435 
ga- Macroglobulin (?5) 129-1 108 P «0:01 
4-264 4-242 
FDP (ug/ml) 0-63 13-0 P «0-001 
417 49.5 





Values are mean -i s.d. 


Table V: FIBRINOLYTIC ACTIVITY OF EUGLOBULIN 
PRECIPITATE ON UNHEATED FIBRIN PLATES 
AFTER VENOUS OCCLUSION AND FIBRINOLYTIC 
ACTIVATOR ACTIVITY IN SUPERFICIAL VEIN 
WALL IN GROUP 2 BEFORE AND 3 DAYS AFTER 


OPERATION 
3 days 
Before op. after op. P 
Fibrinolytic activity on 220-1 169-5 P<0-05 
fibrin plates after 92:6 + 79:6 
venous occlusion 
(mm?}* 
Fibrinolytic activator 6-75 6-25 n.s. 


activity in vein walls 
(arbitrary units) 


Values are mean t s.d. for fibrinolytic activity and median for 
fibrinolytic activator activity. 
* Venous occlusion was of 20 min duration. 


Occurrence of thrombosis 

Seven (31:8 per cent) of the 22 patients in group 1 and 
2 (9:5 per cent) of the 21 patients in group 2 developed 
postoperative venous thrombosis in the lower leg. 
None of these patients had any clinical symptoms of 
pulmonary embolism. All thrombi were diagnosed 
within 3 days of operation, 5 being evident on the 
first postoperative day. Neither pre- nor post- 
operatively did analysis of plasminogen, spontaneous 
fibrinolytic activity, urokinase inhibitors, «,-macro- 


globin and FDP reveal any difference between the 
patients with and without thrombosis. Nor did the 
fibrinolytic activity on fibrin plates after venous 
occlusion differ preoperatively, although 2 of the 
patients who subsequently developed thrombosis 
showed abnormally low levels of activity (Fig. 1). 
Postoperatively, however, in group 1 this fibrinolytic 
activity was significantly lower in the patients with 
thrombosis (154-2 + 105-6 mm?) than in those without 
(262-0 + 132.5 mm?, P<0-05). 

The fibrinolytic activator activity in the vein wall 
was preoperatively abnormally low in only one of the 
patients who subsequently developed thrombosis 
(Fig. 2). Of the other patients without thrombosis, 8 
(2 in group 1 and 6 in group 2) also had abnormally 
low activator activity in the vein wall before opera- 
tion. After operation the activator activity was low 
in 5 of the 9 patients who developed thrombosis (Fig. 
2) and in 16 of the remaining 34 (8 in each group). 
Thus, postoperatively all the patients with throm- 
bosis had a deficient release of activator or abnormally 
low activator activity in the vessel wall (Fig. 3). Of the 
remaining patients without thrombosis, 9 (60 per cent) 
in group | and 12 (64 per cent) in group 2 had one of 
these defects. 


Discussion 
Spontaneous fibrinolytic activity has been found to 
decrease after surgery. The maximal decrease occurs 
within the first 24h postoperatively (Ygge, 1970; 
Sautter et al, 1973; Gordon-Smith et al, 1974; 
MacIntyre et al., 1976) or between the second and 
fifth day (Wuelfing and Brandau, 1968; Chakrabarti 
et al, 1969; Mansfield, 1972). In our investigation 
no significant change could be found on the 
third postoperative day. On the other hand, the 
local fibrinolytic activity that developed during 
venous occlusion decreased significantly within this 
time in both groups. This suggests that the release of 
fibrinolytic activator is impaired after surgery. 
The fibrinolytic activator activity in superficial vein 
wall decreased significantly only in group 1. The 
deficient release, therefore, does not seem to be 
directly correlated with the lowered fibrinolytic 
activity within the vessel wall, which agrees with the 
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Fig. 1. Fibrinolytic activity of euglobulin precipitate on un- 
heated fibrin plates before (after venous occlusion for 20 min) 
and after operation. The circles denote patients without and 
the crosses patients with thrombosis. The horizontal bars 
denote the mean value and the shaded areas denote the normal 
range. 

findings in patients with recurrent ‘idiopathic’ 
venous thrombosis (Isacson et al., 1972). 

It seems that severe surgical trauma was necessary 
to decrease the activator activity of the vessel wall. 
The fact that this activity was significantly higher 
after 3 months suggests that the impairment after 
operation can be ascribed to the surgical trauma. 
Whether the decrease depends on a depletion of the 
activator or an increase in the inhibitors of the 
activator in the vessel wall (Noordhoek Hegt and 
Brakman, 1975) is not known. Also, it is obvious that 
a malignant tumour of the rectum does not have any 
depressing effect on the fibrinolytic activator. 

The cause of the preoperative differences between 
the groups in fibrinolytic activity after venous 
occlusion and in fibrinolytic activity in the vein wall 
is obscure. The two groups were similar in age 
distribution (Table I), but group 1 consisted mainly of 
men (16) and group 2 mainly of women (19). This is 
probably unimportant as no relevant differences have 
been found between men and women in our normal 
material. Almér (1975) has shown that overweight is 
associated with low activator activity in the vein wall 
and also with deficient release of activator. 
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Fig. 2. Fibrinolytic activator activity in superficial vein walis 
before and after operation. The circles denote patients without 
and the crosses patients with thrombosis. The horizontal bars 
denote the mean value and the shaded areas denote 

the normal range, 
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Fig. 3. Type of postoperative fibrinolytic defect in the 9 
patients who developed thrombosis after operation. 


The weights of the patients in our study were there- 
fore compared with the ideal weights, based on the 
height/weight figures for each sex according to 
Hathaway and Foard (1960). It was found that the 
mean weight of the patients in group 1 exceeded the 
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mean ideal weight by 5 per cent and in group 2, by 
20 per cent. The difference between the groups proved 
significant (P«0-01), and this might explain the 
differences found preoperatively as well as the inferior 
release postoperatively in group 2. 

All the patients who developed thrombosis had a 
postoperative defect in their fibrinolytic system (Fig. 
3). The same defect was found in about 60 per cent of 
the patients without thrombosis in each group. In 
group ] the release of activator was significantly 
lower in the patients with thrombosis than in those 
without, This is in accordance with the results of 
Browse et al. (1977). 

Like Fossard et al. (1974), we could not confirm the 
observation of others (Ruckley et al., 1970; Gallus 
et al., 1973; MacIntyre et al., 1976) that the concentra- 
tion of FDP is increased in patients with thrombosis. 
This was probably because the thrombi were small 
in our series. 

Thus, our findings indicate that a fall in the fibrino- 
lytic activity of the vessel wall is a regular post- 
operative phenomenon, especially after major surgery. 
The results do not lend support to the hypothesis 
that this fall is the cause of postoperative thrombosis. 
Operation activates platelet coagulant activity 
(Walsh et al., 1976) and clotting factors (Olow, 
1963; Ygge, 1970; Gallus et al, 1973). This, in 
combination with a hypofibrinolytic state (indicated 
by the fall of fibrinolytic activity of the vessel wall 
and the increase in urokinase inhibitors and possibly 
by venous stasis) are factors which favour the 
development of deep venous thrombosis. Our results 
argue in favour of the present concept that such 
thrombosis has a multifactorial cause (Nilsson, 1977). 

It is true that a fibrinolytic defect is known to be 
associated with ‘idiopathic’ venous thrombosis 
(Isacson and Nilsson, 1972), but as all patients with 
thrombosis after operation had a postoperative defect 
of the vessel wall, compared with about 60 per cent 
of the other patients, the diminished fibrinolytic 
activity after surgery seems to play a secondary part 
in the development of postoperative thrombosis. Its 
precise role remains to be determined. 
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The assessment of aorto-iliac disease by static 


isotope angiology 
R. A. HURLOW, S. T. CHANDLER AND C. J. L. STRACHAN* 


AORTIC 
BIFURCATION 


SUMMARY 

In 48 patients with severe claudication isotope images 
of the aortofemoral arteries have been assessed for the 
severity of disease in 417 anatomical segments and 
compared with arteriography. An overall correlation 
of 80 per cent was found; 87 per cent of patent and 
76 per cent of occluded segments were correctly 
identified, but only 68 and 54 per cent of segments with 
minor and major disease respectively. Underestimation 
of disease occurred in only 6 per cent. 


SINCE 1970 several investigators (Tori et al., 1970; 
Indovina et al., 1971; Dibos et al., 1972) have reported 
on the images produced from the arteries of the aorta 
and lower limb using a gamma camera to follow the 
first transit of an intravenously administered isotope. 
This technique of isotope angiology has been used in 
the diagnosis of aortic aneurysms (Bergan et al., 
1974), the detection of embolic arterial occlusions 
(Moss et al., 1976a) and the determination of post- 
operative vessel patency (Moss et al., 1976b). Success 
at differentiating patent from occluded vessels has 
been claimed. 

In evaluating patients with peripheral vascular 
disease, a knowledge of the extent of non-occlusive 
atheroma is important, particularly in the aorto-iliac 
arteries. At present this is best assessed by conven- 
tional contrast arteriography, which must therefore 
be the yardstick by which new techniques of assess- 
ment are judged. We have evaluated isotope angiology 
of the aortofemoral arteries by comparing computer- 
enhanced static images with the arteriographic 
appearance. 


Patients and methods 

Forty-eight patients with intermittent claudication consented 
to the study. There were 38 men and 10 women with an average 
age of 65 (range 30 to 73). 

Static isotope images of the aortofemoral arteries were 
obtained by positioning the patient horizontally beneath a 
30-cm, high sensitivity gamma camera (Picker Dynacamera 2C) 
centred on a *"Co marker placed on the pubic symphysis. 
Seven mCi of **Tc!! pertechnetate in 1 ml of saline connected to 
a 21-gauge butterfly cannula were rapidly injected into the 
brachial vein and propelled by 20 ml of normal saline. This 
technique gave a compact bolus. 

Information from the gamma camera was fed directly to a 
persistence scope and to a PDP 11/40 (Digital Equipment 
Corp.) computer equipped with a visual display unit (VDU). 
The radioactivity image was enhanced by computer processing, 
which subtracted low background counts and doubled high 
counts. The final arterial image produced on the VDU was thus 
much clearer than that visible on the persistence scope screen, 
and this image was photographed on to 5x 7 in X-ray plates 
for reporting. 

A few days after the isotope scan, routine contrast arterio- 
graphy was performed by either the translumbar or the 
retrograde femoral route. 

The isotope prints and arteriograms were reported— 
independently and blindly—in segments corresponding to the 
anatomical subdivisions of the aortofemoral arteries, as shown 
in Fig. 1. The internal iliac vessels were not considered and, 
because of the limited field of the gamma camera, only the 
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Fig. 1. Anatomical subdivision of the aortofemoral arterial tree. 


upper parts of the superficial femoral arteries were included. 
Each segment was assessed as patent, showing minor disease 
(up to 50 per cent stenosis), major disease (50 per cent stenosis 
or more) or occluded. 
Examples of scans and arteriograms are shown in Figs. 2 
and 3. 


Results 

The severity of disease in 417 arterial segments in 48 
patients was assessed from the static isotope image 
and compared with the independently reported arterio- 
graphic appearance. Table I shows the distribution of 
the severity of disease according to the anatomical 
segments and the success rate of the isotope interpreta- 
tion compared with the arteriographic. Two hundred 
and thirty-six (86:5 per cent) of 273 patent segments 
and 42 (76:4 per cent) of 55 occluded segments were 
successfully identified, but in only 68:3 and 53-9 per 
cent of segments with minor and major disease 
respectively was there agreement between the scan 
and the arteriogram report. 

Eighty-two segments (19-7 per cent) were incorrectly 
graded, 35 of these being from the common iliac 
arteries. The large number of errors in this area was 
perhaps due to the greater distance of these arteries 
from the camera head, allowing wide divergence of 
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a b 


Fig. 2. a, Poor resolution of the common iliac arteries in non-occlusive major disease. Both superficial femoral arteries fill 
well. b, The corresponding arteriogram. 





a b 


Fig. 3. a, Tortuous iliac arteries and an occluded right common femoral artery with good collateral circulation filling a patent 
superficial femoral artery. b, The corresponding arteriogram. 


Table 1: SEGMENT ANALYSIS 
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Segment Patent Minor disease Major disease Occluded Total No. errors 9/, errors 
Aorta 40 i i 42 2 48 
Common iliac 34 7 96 35 36:5 
External iliac 70 10 ji 96 18 18-7 
Common femoral 80 8 7 96 10 10-4 
Superficial femoral 49 7 29 87 17 19-5 
Total 273 63 26 55 417 82 19-7 
No. correct on scan 236 43 42 335 
% correct 86-5 68-3 53-9 76-4 80:3 


radiation and poorer resolution of the image. Some- 
times mesenteric arterial filling obscured these vessels 
and lumbar and pelvic collaterals occasionally 
interfered. 

Table II indicates the arteriographic grade of 
segments overestimated and underestimated from the 
isotope image. Thus, of 19 segments thought to be 
occluded, 8 were patent, 7 had minor and 4 major 
disease. However, 4 of the 8 patent segments were 
adjacent to occluded segments. 

The severity of disease was overestimated in 56 of 
417 segments (13-4 per cent) and underestimated in 
26 (6:2 per cent). 


Discussion 

The role of the vascular laboratory with a treadmill 
and ultrasound facilities in the preliminary screening 
of patients with peripheral arterial disease has been 
recently reviewed (Editorial, 1976). One of the 
conclusions was that *we can look forward to better 
evaluation of the severity of disease, preferably by 
non-invasive means’, This particularly applies to the 
aorto-iliac arterial segments which are inaccessible to 
direct Doppler examination. One of the most 
promising Doppler methods of evaluating vessels 
above the inguinal ligament involves complicated and 
expensive frequency analysis to produce a ‘pulsatility 
index’ (Johnston and Taraschuk, 1976), It has been 
claimed that this index reflects the severity of aorto- 
iliac disease. Nevertheless, a major disadvantage of 
this technique to the practising vascular surgeon is its 
failure to localize disease accurately; moreover 
frequency analysers are only available in a few 
specialized centres. 

With the increasing use of radioisotopes in diagnosis, 
many surgical units now have access to a gamma 
camera, with or without associated analysis systems. 
Isotope angiology is simple to perform and, even 
without computer facilities, a useful arterial image is 
visible on a persistence oscilloscope. The examination 
can be completed in 10 min which allows rapid out- 
patient screening. Hazards of direct arterial injection 
are avoided (Jacobson et al., 1969) and the total body 
radiation dose of 90 mrad is equivalent to two chest 
X-rays. Rapid clearance of the isotope and pre- 
treatment with potassium perchlorate to protect the 
thyroid gland permit multiple examinations for 
follow-up purposes. 

We have evaluated static isotope images of the 
aortofemoral arteries in 48 patients with intermittent 
claudication, studying each arterial segment as a 
separate entity. We were able to detect 87 per cent of 
patent segments and 76 per cent of those which were 
occluded, but our assessment of major and minor 
disease was disappointing. In only 6 per cent of 417 
segments did we underestimate the severity of disease. 


Table H: ISOTOPE IMAGE OVERESTIMATION AND 
UNDERESTIMATION 
Arteriographic grade 


Minor Major 

Scan grade Patent disease disease Occluded 
Overestimation 
Minor disease 17 
Major disease 10 10 
Occluded 8 7 4 
Underestimation 
Patent 6 3 6 
Minor disease 5 I 
Major disease 5 


Difficulties in determining the severity of non- 
occlusive disease were experienced particularly in the 
common and external iliac arteries. These vessels did 
not lie directly facing the camera head, which resulted 
in image distortion and diffraction, and thus precise 
observation of vessel width and uniformity of radio- 
activity was not possible. The best results were 
achieved in the common femoral arteries which lay 
parallel and close to the collimator. The resolution 
and sensitivity of the Dynacamera 2C were nevertheless 
not sufficient to delineate minor intimal plaques. 

Collateral circulation in occlusive disease was 
invariably easier to see on isotope angiograms than 
arteriograms, as illustrated in Fig. 3. 

Arteriogram interpretation was not without error 
in this study since it was often difficult to ascertain 
the true degree of lumen obstruction caused by a 
stenosis on monoplanar films. 

Our results indicate that static isotope angiology 
using the Picker Dynacamera 2C cannot yet replace 
arteriography in anatomically assessing non-occlusive 
disease in the aorto-iliac arteries. 

In this paper we have compared uniplanar arterio- 
graphy with static isotope images. No attempt was 
made to incorporate dynamic information. Early 
results of dynamic measurements from isotope 
angiology have shown better discrimination in 
assessing the severity of aorto-iliac disease (Hurlow 
et al., 1977). 

Improvements may be expected with the new 
generation. of gamma cameras with large fields, 
higher sensitivity and better resolution. 
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The effect of smoking on the late patency of 


arterial reconstructions in the legs 
K. A. MYERS, R. B. KING, D. F. SCOTT, N. JOHNSON AND P. J. MORRIS* 


SUMMARY 

In a retrospective study of 217 patients, smoking habits 
were related to the late patency rates of arterial 
reconstructions performed for ischaemia of the legs. 
Patients who had stopped smoking or who smoked no 
more than 5 cigarettes per day after the operation had 
late patency rates of approximately 90 per cent for 
. aortofemoral reconstructions and 80 per cent for 
femoropopliteal vein grafts. Patients who continued to 
smoke more than 5 cigarettes per day were approximately 
three times more likely to block an aortofemoral 
reconstruction and four times more likely to block a 
femoropopliteal vein graft. The results were similar for 
males and females, for various age groups, for claudicants 
and patients with severe ischaemia and for aortofemoral 
endarterectomy and Dacron grafts. 

The late patency rate was approximately inversely 
proportional to the number of cigarettes smoked per 
day after the operation. There was no such correlation 
with the number smoked per day before the operation. 


CIGARETTE smoking markedly predisposes to atheroma 
in the arteries to the legs (Wald et aL, 1973; Kannel 
et aL, 1976; Strong and Richards, 1976). Disease may 
progress to occlude arteries proximal or distal to an 
arterial reconstruction or the reconstruction itself 
(Szilagyi et al., 1964, 1973). However, little is known 
about the relationship between a patient's smoking 
habits and the risk of late occlusion. This paper 
analyses the relationship in 217 patients treated by 
arterial reconstruction over a 10-year period. 


Patients and methods 

In a retrospective study, smoking habits were related to the 
late patency rates of arterial reconstructions for ischaemia of 
the legs in 217 patients. The criteria for inclusion in the study 
were that 

1. Ischaemia was due to a chronic stenosis or occlusion 
caused by atheroma (patients with aneurysms, arterial trauma 
or other arterial diseases were excluded). 

2. The operation was the first performed at that site (repeat 
operations for failure of a prior reconstruction were not 
included). 

3. The reconstruction was a ‘primary success’, i.e. it had not 
failed within 3 months of the operation. 

4. There was a follow-up of at least 6 months. 

5. There was clear information as to the status of the 
reconstruction and the smoking habits of the patient. 

6. The patient did not suffer from clinical diabetes. 

Reconstruction was performed on one leg only in 142 
patients. However, in 25 of these, both an aortofemoral and a 
femoropopliteal reconstruction were performed on the one leg, 
but at different times. No patient was treated by simultaneous 
proximal and distal reconstruction. Surgery was performed on 
both legs, either at the same operation or on separate occasions, 
in 75 patients. Thus, a total of 317 legs treated at one or more 
Operations was studied. 


Nature of the operations 

An aortofemoral reconstruction, that is a reconstruction on a 
segment from the level of the infrarenal aorta to the profunda 
femoris artery, was performed in 135 patients. Endarterectomy 
was used in 84 patients; this was usually either an open 


endarterectomy of the lower aorta and both common iliac 
arteries without a patch, or an open endarterectomy of the 
external iliac, common femoral and profunda femoris arteries 
with a vein patch. A Dacron graft was used in 51 patients; this 
was either a bifurcated aorto-iliac or aortofemoral graft, or a 
unilateral iliofemoral, axillofemoral or femorofemoral graft. 
in patients with an associated superficial femoral artery 
occlusion, demonstration of satisfactory outflow into the 
profunda femoris artery was frequently confirmed by operative 
arteriography. 

A femoropopliteal or femorotibial vein graft was performed 
in 107 patients; this was usually a reversed long saphenous 
graft, although one author favoured the im situ technique. 
Occasionally it was necessary to use the cephalic vein. In most 
cases, graft patency was confirmed by operative arteriography. 
Patients treated by femoropopliteal Dacron grafts, endarterec- 
tomy or other techniques were not included in this study. 

The number of legs treated by each technique is shown in 
Table I. 


Table I: NUMBER OF LEGS TREATED BY ARTERIAL 
RECONSTRUCTION 


Technique of No. of Unilateral Bilateral 
reconstruction patients operation operation No. of legs 


Aortofemoral 135 77 58 193 
Endarterectomy 84 5i 33 117 
Dacron graft 51 26 25 76 

Femoropopliteal 107 90 17 124 
vein graft 

Total 242 167 75 317 





Table H: SMOKING HABITS BEFORE AND AFTER 
ARTERIAL RECONSTRUCTION 

No. of patients 
No. of cigarettes per day Before operation After operation 


0 19 56 
1-5 10 23 
6-15 48 56 
16-25 82 46 
>25 58 46 
Clinical features 


There were 164 males and 53 females. There were 110 patients 
aged less than 60 years and 107 patients aged 60 years or more. 
The indication for surgery was intermittent claudication alone 
in 229 legs and severe ischaemia (persistent rest pain, ischaemic 
ulceration or gangrene) in 88 legs. 


Methods of study 

The operations were performed over a 10-year period. All the 
patients were regularly reviewed until the present time or until 
their death. Patients lost to follow-up were excluded. At each 
examination, patency of the reconstruction was assessed by 
palpation or by Doppler ultrasonic flowmeter studies. The 
duration of follow-up in patients with patent grafts is shown 
in Fig. 1. 

The number of cigarettes smoked per day before the opera- 
tion and from 3 months after the operation was assessed in 
retrospect by a questionnaire. It was considered that the 
impersonal approach through a questionnaire would provide 





* Vascular Service, Prince Henry’s Hospital, Melbourne, 
Australia. 

Correspondence to: K. A. Myers, 96 Grattan Street, Carlton 
3053, Victoria, Australia. 


* 


268 K. A. Myers et al. 


70 


60 


50 


40 


No. patients 


BHW\ 


2 yr 5 yr or more 


Fig. 1. The duration of follow-up in patients with patent grafts. 
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Fig. 2. Accumulative late patency rates for aortofemoral 
reconstructions according to postoperative smoking habits. 
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Fig. 3. Accumulative late patency rates for femoropopliteal 
vein grafts according to postoperative smoking habits. 
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Fig. 4, Accumulative late patency rates for femoropopliteal 


vein grafts according to the number of cigarettes smoked per 
day after operation. 
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Fig. 5. Accumulative late patency rates for femoropopliteal 
vein grafts according to the number of cigarettes smoked per 
day before operation. 
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Fig. 6. Accumulative late patency rates for all reconstructions 
according to the preoperative and postoperative smoking 
habits. 


the most honest assessment of smoking habits. A direct 
interview would probably have caused many patients who still 
smoked to be embarrassed, leading to an understatement of 
the number smoked. The few patients who smoked cigars or a 
pipe were equated with cigarette smokers as described by Wald 
et al. (1973). In regard to patients who had died, information as 
to smoking habits was obtained from close relatives and this 
has been shown to be accurate (McMahon et al, 1976). The 
results may be slightly biased due to a tendency for smokers and 
relatives of dead patients to fail to respond to the questionnaire 
(Seltzer et al., 1974). Future prospective studies relating graft 
patency to smoking should include more precise monitoring of 
smoking habits by carbon monoxide estimations. 

Graft patency rates were calculated by the life table method 
(Colton, 1974; Myers et al., 1978). The standard error at each 
interval was calculated and this allowed statistical comparison 
of different groups at each interval by +? analysis. 


Results 

Smoking habits 

Before operation, less than 10 per cent of the patients 
had never smoked consistently, whereas more than 
65 per cent had smoked more than 15 cigarettes per 
day. After operation, some 25 per cent of the patients 
claimed that they had completely stopped smoking, 
but almost 40 per cent apparently still smoked more 
than 15 cigarettes per day (Table 1H). The smoking 
habits were approximately identical in claudicants and 
in patients with severe ischaemia, both before and 
after operation. 


Relation of smoking after operation to late patency 
Following aortofemoral reconstruction, the late 
patency rate was significantly less (P 0-001) from 1 
year onwards if the patients continued to smoke more 
than 5 cigarettes per day. The patency rate at 4 years 
was 90 per cent in those who smoked 5 per day or less, 
and 75 per cent in those who smoked more than 5 per 
day (Fig. 2). The results were virtually identical for 
both aortofemoral endarterectomy and Dacron grafts 
(Table HI). 

Following femoropopliteal (-tibial) vein grafts, the 
late patency rate was significantly less (P « 0-001) from 
| to 4 years if the patients continued to smoke more 
than 5 cigarettes per day. The patency rate at 2 years 
was 90 per cent in those who smoked 5 per day or less 
and 60 per cent in those who smoked more than 5 per 
day (Fig. 3). The late patency rate for femoropopliteal 
vein grafts was closely related to the number of 
cigarettes smoked per day after operation. The 
patency rates at 2 years for patients who stopped 
smoking, who smoked up to 15 per day or who smoked 
more than 15 per day were 95 per cent, 75 per cent and 
65 per cent respectively (Fig. 4). 


Influence of preoperative smoking habits 

The number of cigarettes smoked per day before 
operation did not influence late patency rates. Follow- 
ing femoropopliteal (-tibial) vein grafts, although 
there were good long term patency rates in non- 
smokers, there was no statistical difference between 
those who smoked up to 15 per day and those who 
smoked more than 15 per day (Fig. 5). The same 
results were found for aortofemoral reconstructions. 


Comparison of the influence of preoperative and post- 
operative smoking habits 

Non-smokers (before and after operation) had a 
patency rate of 95 per cent at 4 years after operation. 
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Patients who were smokers before operation were 
separated into those whose smoking habits were 
‘heavy’ (more than 15 per day) or ‘moderate’ (15 per 
day or less). This was then related to whether they had 
stopped or reduced smoking (5 per day or less), or 
continued smoking (more than § per day) after 
operation. Even patients who were ‘heavy smokers’ 
before operation had a patency rate of more than 
90 per cent at 3 years if they had stopped or smoked 
5 per day or less after operation, whereas patients who 
were only ‘moderate smokers’ before operation had a 
patency rate of less than 65 per cent at 3 years if they 
had continued smoking more than 5 per day. There 
was a significant difference (P<0-001) from 1 year 
onwards for each preoperative group according to 
whether they had continued or reduced smoking after 
operation (Fig. 6). 


Influence of sex, age and symptoms 

There was no significant difference between the results 
according to sex or age (Table IV). No difference 
could be discerned on further dividing the age groups, 
for example considering patients aged under 50 years 
or over 70 years. 

The adverse effects of continued smoking after 
operation were equally apparent for both claudicants 
and patients with severe ischaemia. According to 
whether the patients smoked less or more than 5 
cigarettes per day after operation, the patency rates at 
2 years were 95 per cent and 75 per cent respectively 
for claudicants and 90 per cent and 65 per cent 
respectively for patients with severe ischaemia 
(Table IV). 


Discussion 

Extensive studies have shown that smoking consider- 
ably increases the risk of developing atheroma in the 
arteries supplying the legs. Other factors such as 
hyperlipidaemia, hypertension and diabetes also 
increase the risk, but none has as close an association 
or is as prevalent in the community as smoking (Wald 
et al., 1973; Kannel et al., 1976; Strong and Richards, 
1976). In Australia, some 40 per cent of males and 
30 per cent of females are smokers, and the incidence 
falls in older subjects (Gray and Hill, 1975). By way of 
contrast, over 90 per cent of patients in the present 
study were smokers before their operation. 

Carbon monoxide is probably the major factor 
causing this increased risk. The incidence of clinical 
atheroma is proportional to carboxyhaemoglobin 
levels (Wald et al, 1973). Carbon monoxide is 
particularly harmful in patients who already suffer 
from arterial disease in the legs (Wald and Howard, 
1975). Astrup and Kjeldsen (1974) showed that 
smokers have carboxyhaemoglobin levels of up to 
20 per cent, which is close to the definition of carbon 
monoxide poisoning, that inhaled cigar or pipe smoke 
contains two to three times more carbon monoxide 
than cigarette smoke and that carbon monoxide 
disappears from the blood at a rate of only 15 per cent 
per hour at rest. The rate of removal is higher in 
subjects who are active (Hawkins et al., 1976). Filtered 
cigarettes produce 30 per cent higher levels than un- 
filtered cigarettes (Wald et al., 1977). Cholesterol-fed 
rabbits exposed to carbon monoxide show greatly 
increased permeability of endothelium to lipids and 
about a threefold increase in the amount of cholesterol 
in the major arteries in lesions indistinguishable from 
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Table IH: ACCUMULATIVE OCCLUSION RATES ACCORDING TO SMOKING HABITS AFTER AORTOFEMORAL 
RECONSTRUCTION: INFLUENCE OF TYPE OF OPERATION 


No. of cigarettes 


Group per day 
All aortofemoral reconstructions <5 
-5 
Dacron grafts <5 
>5 
Endarterectomy «5 
-5 


Time after operation 


6 mth lyr 2 yr 3 yr 4 yr 5 yr 
1/69 0/65 1/61 0/50 4/42 0/31 
5/124 11/112 4/90 2/75 1/56 6/42 
1/34 0/33 0/30 0/22 1/17 0/12 
2/42 4/38 4/27 0/20 0/16 2/8 

0/33 0/30 1/29 0/26 0/23 0/18 
3/84 7/16 1/65 2/57 1/42 4/35 


Figures represent the number blocked during the time interval as a fraction of the number available at the start of the time interval 


TABLE IV: ACCUMULATIVE OCCLUSION RATES ACCORDING TO SMOKING HABITS AFTER OPERATION: 


INFLUENCE OF SEX, AGE AND SYMPTOMS 
No. of cigarettes 


Group per day 6 mth 

Male x5 2/90 
>5 7/147 

Female <5 0/25 

m5 3/55 

60 years or less <5 0/41 
5 8/122 

Over 60 vears x5 2/74 

>5 2/80 

Claudication alone <5 1/73 
>35 7/156 

Severe ischaemia <5 1/42 

L-5 3/46 


Time after operation 


Ivr 2 yr 3 yr 4 yr 5 yr 
0/83 3/78 1/62 1/50 1/43 
18/132 10/107 3/79 2/61 5/40 
1/25 0/21 0/15 1/10 0/5 
7/51 2/36 1/32 0/24 3/21 
0/41 0/38 1/30 0/24 0/21 
15/110 6/87 2/72 2/59 6/44 
6/67 3/61 0/47 2/36 1/28 
10/73 5/56 2/40 1/26 2/16 
0/69 1/64 0/33 2/41 0/30 
16/143 11/117 4/90 2/69 8/49 
1/39 2/35 1/25 0/20 1/19 
10/40 1/26 1/21 0/15 0/11 


Figures represent the number blocked during the time interval as a fraction of the number available at the start of the time 


interval. 


human atheroma (Astrup and Kjeldsen, 1974). Carbon 
monoxide levels in the blood probably provide a more 
accurate index of smoking habits than the patient’s 
answers to a questionnaire and will be used in future 
prospective studies. 

There is experimental evidence that: nicotine does 
not cause atheroma (Schievelbein et al., 1970). 
Contrary to popular belief, calm smoking by an 
habitual smoker has little effect on blood flow and 
intra-arterial or intravenous nicotine actually increases 
flow in the forearm or leg (Coffman and Javett, 1963; 
Whelan, 1968) although smoking does reduce blood 
flow in the fingers and toes (Allison and Roth, 1969). 

It is generally considered that atheroma takes many 
years to progress to a stage where it produces clinical 
effects (Eastcott, 1973). Conversely, continued smoking 
caused an early, dramatic reduction in the patency 
rates of arterial reconstructions in the present study. 
Development of disease resembling atheroma has been 
reported in some 30 per cent of arteries treated by 
aorto-iliac endarterectomy (Szilagyi et al., 1964), 
in femoropopliteal vein grafts (Szilagyi et al., 1973) 
and in aortocoronary vein grafts (Barboriak et al., 
1974). Perhaps the arterial ‘damage’ caused by 
endarterectomy and the different endothelial charac- 
teristics of a vein graft potentiate the development of 
atheroma, and this warrants further study. However, it 
is equally likely that progression of disease occurs in 
arteries distal or proximal to the reconstructed 
segment. 

The present study shows a striking correlation 
between postoperative smoking habits and late 
occlusion of arterial reconstructions. Again, this is 
probably directly due to carbon monoxide, although 


the relation is complex, for smoking may increase 
serum lipid levels (Astrup and Kjeldsen, 1974) and 
these may affect late patency rates (Greenhalgh et al., 
1976). 

In this study, patients who smoked more than 5 
cigarettes per day after operation were three times 
more likely to block an aortofemoral reconstruction 
and four times more likely to block a femoropopliteal 
vein graft, compared with those who smoked less than 
5 per day. The late results in those who stopped 
smoking were exceptionally good. These differences 
were not significantly affected by the age or sex of the 
patients. Similar results have been shown for aorto- 
femoral Dacron grafts (Wray et al., 1971; Robicsek 
et al., 1975), but we have not found any references to 
studies of this association for other arterial recon- 
structions. 

It is possible that the increased risk of late occlusion 
in those patients who continued to smoke was simply a 
reflection of more extensive disease due to heavy 
smoking before operation. Against this is the lack of 
correlation between occlusion rates and preoperative 
smoking habits and the similar relationship between 
postoperative smoking habits and occlusion in 
claudicants and patients with severe ischaemia, even 
though the latter generally have more extensive 
disease. 

This study suggests that a patient with severe 
ischaemia should be strongly advised to stop smoking 
after operation and that a patient with intermittent 
claudication probably should not be treated by arterial 
reconstruction unless it appears that he is able to stop. 
Patients who stop smoking can be assured that the 
late patency rates are excellent. 
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Evaluation of the thrombogenic potential of three 


types of arterial graft studied in an artificial circulation 
G. W. HAMLIN, S. M. RAJAH, M. J. CROW AND R. C. KESTER#* 


SUMMARY 

The thrombogenic potential of woven Dacron, expanded 
polytetrafluoroethylene (Gore-Tex) and gluteraldehyde- 
treated human femoral artery (HFA) grafts was 
evaluated using an artificial circulation. The differences 
in the platelet parameters (platelet count, adhesion and 
aggregation) and scanning electron microscopy (SEM) 
appearances before and after perfusion were used as 
indices of thrombogenicity. Platelet counts fell signifi- 
cantly with woven Dacron, moderately with HFA and no 
fall was observed with Gore-Tex. Platelet aggregation 
was unaffected by any graft, but platelet retention was 
significantly marked in woven Dacron. SEM studies 
revealed minimal adherence of platelets to Gore-Tex 
and HFA endothelium, but marked adherence to woven 
Dacron, accompanied by morphological changes of the 
adhered platelets. 

In an artificial circulation, of the three types of arterial 
graft, woven Dacron has the greatest influence on platelet 
function, indicating significant thrombogenicity, whereas 
HFA is intermediate in its effect and Gore-Tex appears 
to have the lowest thrombogenic potential. 


WHEN the surgeon bypasses occlusive arterial disease 
in the leg by using a graft, his choice of the vascular 
conduit must be based primarily on knowledge of the 
nature of the graft material. The surgeon mostly 
selects either autogenous saphenous vein painstakingly 
dissected out or one of a variety of synthetic prostheses 
now made commercially. A major consideration in the 
choice of a graft is the thrombogenic potential of its 
luminal surface. A thrombogenic material may 
predispose to early thrombosis of the graft, particularly 
in small-diameter synthetic grafts. Platelets play a 
major role in arterial thrombosis, and therefore 
platelet adhesion-aggregation reactions must be 
clinically important. It has been shown that when 
platelet adhesiveness was increased, 75 per cent of 
femoropopliteal Dacron bypass grafts were occluded 
by 1 year, whereas all grafts remained patent for this 
period when platelet adhesiveness was low (Evans and 
Irvine, 1966). If the early patency of a graft is to be 
maintained successfully, it seems crucial to identify 
those grafts whose influence on platelet function is 
minimal, This study describes our technique of 
evaluating graft-platelet reactions in vitro. 


Materials and methods 

The thrombogenic potential of woven Dacron (USCI Inter- 
national), a conventional porous-fabric graft, expanded 
microporous polytetrafluoroethylene or PTFE (Gore-Tex), a 
relative newcomer, and gluteraldehyde-treated human femoral 
artery (HFA) were investigated. The woven Dacron used was 
sold under the trade name of 'Debakey Woven Dacron' and 
this smooth-surfaced graft was woven from multifilament 
Dacron polyester yarn. The graft had a spiral crimp and a 
water porosity of 185 ml cm~? min~ (Sauvage et al., 1977). 
The woven Dacron was prepared by immersion in a solution of 
human fibrinogen (300 mg/100 ml) and, while stretched, 
thrombin solution (50 Lu./ml) was passed through the 
graft. Next, the prosthesis was flushed meticulously with 
normal saline to ensure removal of excess fibrinogen and 


thrombin. The Gore-Tex or PTFE grafts had a wall thickness 
of 0-6 mm and a nominal fibril length of 30 um. They were 
reinforced by a thin outer skin of PTFE to produce a burst 
level of 3500 mmHg, preventing aneurysm formation. Femoral 
arteries obtained from young adults at autopsy were prepared 
by the Yorkshire Regional Tissue Bank by immersion for 48 h 
in 0^5 per cent gluteraldehyde buffered to pH 7-4. This solution 
was prepared by adding 25 per cent gluteraldehyde to phos- 
phate buffer until a final concentration of 0-5 per cent was 
reached. The arteries were pressure tested and stored in 
gluteraldehyde buffer until required. Before use they were 
washed thoroughly with normal saline. 


The artificial circulation 

Six samples of each type of graft were tested in a perfusion 
circuit (Fig. 1) modified from Chandlers tube (Chandler, 
1958). Heparinized fresh blood (400 ml) from donors who had 
taken no aspirin during the previous week was divided equally 
into two reservoirs (plastic blood collection bags) kept at 37 ^C 
in a water bath. The blood was pumped through twin circuits 
of silicone rubber tubing (Medasil) by a Travenol roller pump 
at a flow rate of 140 ml/min, with a pressure of 120/90 mmHg 
maintained by adjustment of gate clamps on the tubing. A 
15-cm length of graft was incorporated in the test circuit and 
each synthetic graft was 6 mm in internal diameter. The 
silicone tubing was of medical grade with internal diameter 
6 mm and external diameter 9 mm, each being 1-6 m in length. 
All connections were made with plastic extracorporeal circuit 
connectors (Bentley Lab. Ltd) Each circuit was washed 
through with normal saline before perfusing with blood. 
Heparin levels in the blood were 2:5-3 units/ml. 

Blood samples for platelet count and functions were taken 
immediately before perfusion and from both control and test 
circuits at 15, 30 and 60 min after the start of perfusion. At the 
end of perfusion the grafts were removed, washed gently with 
normal saline and fixed for SEM studies. 

The pH of the perfusing blood was monitored with a Pye 
Unican pH meter (model PW 9418). Haematocrit and plasma 
haemoglobin were measured by standard laboratory methods 
(Dacie and Lewis, 1975), The platelet functions measured were 
platelet aggregation and adhesion: platelet adhesion was 
measured by a modification of Hellem's method (1960) and 
expressed as a percentage calculated from the platelet count 
before and after passage of the blood sample through a column 
of glass beads; platelet aggregation was measured using an 
aggregometer recording alteration in optical density as a curve. 
Bovine collagen suspension was used as an aggregant. In the 
aggregation curves the parameters measured were the latent 
period, and the amplitude of the curve was expressed as a 
percentage of normal. 


SEM studies 

The grafts were fixed in 0-5 per cent phosphate-buffered 
gluteraldehyde at pH 7-4 for a minimum of 24 h. Next, selected 
portions of the graft were substituted with acetone and 
critical-point dried (Polaron, Critical Point Drier E-3000). The 
dried specimens were mounted on stubs, coated with gold in a 
sputter coater and examined in a Cambridge S4—10 Stereoscan. 


Results | 
Haematocrit, plasma haemoglobin and pH levels 
remained unchanged in all the experiments. 





* University Department of Surgery, St James's University 
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DIAGRAM OF ARTIFICIAL CIRCULATION 


Three way 
to valve 


Blood 
| connectors ay O 


L 
remm Air space 





Control circuit 









Pressure 


gauge 
120;,90 





Graf 






Sificone 
fohing wé 


15em length 


140 ml/min p 4 


Tips of Tubing 777 | s k 


- 
e a em ineo am ee m m 


below blood level 

Biood Reservoirs 

(Heporinised bland 
bags) 


—Water Bath 
at 37« 
Silicone Rubber Tubing 
used throughout except 
ter sample 


Fig. 1. Diagram of the artificial circulation. 
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Fig. 2. Platelet aggregation curves after 15 and 60 min 


perfusion for the control and test circuits of the three types of 
graft. 


Platelet studies 

The aggregation curves for platelet-rich plasma 
obtained from the control and test circuits for each of 
the three types of graft showed normal aggregation 
(50 per cent), which indicated that there were 
functioning platelets present throughout the duration 
of perfusion (Fig. 2). With regard to platelet adhesive- 
ness, the figures showed a lower percentage of 
adhesion in the woven Dacron test circuits compared 
with their controls than in either of the other two 
grafts (Fig. 3). The resuits at 60 min for Gore-Tex and 
HFA showed a ratio of approximately unity. Given 
these data and assuming a null hypothesis, the chance 
of finding the observed values for woven Dacron is 
approximately 0-016 (Bernouilli, 1713). This result 
indicated that woven Dacron grafts had retained more 
of the active platelets than either Gore-Tex or HFA. 
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Fig. 5. Luminal surface of Gore-Tex following perfusion. Fig. 7. Heavy deposition of platelets on the crests of woven 
Moderate numbers of red blood cells and an occasional Dacron, with many platelets extending pseudopodia. 
platelet are scattered throughout the matrix. ( x 1010.) ( X 1925.) 





e" 








Fig. 6. Human femoral artery. Adherent to the endothelium 


are moderate numbers of platelets, some of which have Fig. 8. Numerous red cells enmeshed in fibrin strands 
pseudopodia. A few red cells are deposited in the clefts. trapped in a trough of woven Dacron fibre. (x 1665.) 
(x1725.) 


When considering the mean platelet counts (Fig. 4), adherence was minimal, and the morphology of these 
there was a significant difference between woven platelets was unchanged (Fig. 5. HFA showed a 
Dacron and its control (P—0-02 when calculated by moderate amount of platelet deposition (Fig. 6), and 
non-parametric methods), indicating consumption of occasionally club-shaped platelets with protruding 
platelets by the Dacron graft. In contrast, there was — pseudopodia could be seen. Woven Dacron showed 
little difference between the control and test circuits of dense platelet deposition with marked characteristic 


Gore-Tex or HFA. morphological changes and pseudopodia (Fig. 7). A 
further interesting observation made was that platelets 
SEM studies adhered heavily to the crests of the Dacron fibre, 


Photomicrographs of the luminal surfaces of the whereas the troughs collected many red blood cells, 
grafts demonstrated the extent and characteristics of ^ trapped within a meshwork of fibrin strands ( Fig. 8). 
platelet adherence. In the Gore-Tex grafts platelet Such a deposition of red cells was seen randomly and 


to a much lesser extent in the clefts of HFA endo- 
thelium (Fig. 6). 


Discussion 

In 1958 Chandler described a simple technique to 
produce artificial thrombi in vitro by making blood 
flow in a closed circular loop of polyvinyl tubing. In 
the present study Chandler’s tube has been modified by 
pumping blood through a circuit of silicone tubing at a 
flow rate similar to that in the common femoral artery 
(Dedichen and Kordt, 1974). The choice of flow rate 
through the system was important since the extent of 
platelet adhesion to artificial surfaces is greatly 
influenced by the speed of the blood flow (Friedman 
and Leonard, 1971). Since platelet adhesion-aggre- 
gation reactions are considerably reduced when blood 
is perfused at temperatures of 20 ^C or lower (Turitto 
and Baumgartner, 1974), we chose to circulate the 
blood at 37 °C to avoid such an inhibition of platelet 
function. Furthermore, the heparin level in the 
perfusing blood was monitored, since at the concen- 
tration used of 2-5-3 units/ml the effect on platelet 
activity is negligible, while higher concentrations 
induce platelet release-aggregation reactions (Zucker, 
1974). 

To make woven Dacron ‘blood-tight’, it is usual to 
pre-clot the graft in fresh blood before implantation. 
The whole blood thrombus layer sealing the pores of 
the prosthesis is exceedingly thrombogenic, whereas, 
in contrast, fibrin as layered in the model under study, 
by having a negative charge, is relatively non-thrombo- 
genic (Sauvage et al., 1974). 

When vascular injury exposes subendothelial 
collagen, the first reaction is platelet adherence to the 
collagen (Deykin, 1974). The adherence triggers the 
second step, the release reaction, in which ADP is 
extruded and platelets change shape from a smooth 
disc to a sphere with protruding pseudopodia. The 
platelet surface membrane components reorganize to 
unmask platelet Factor 3, a potent clot-accelerating 
agent. During the release reaction, the platelets 
become sticky and aggregate. The released ADP is a 
powerful inducer of the release reaction and the 
process of aggregation is thereby self-sustaining. If the 
stimulus is intense, sufficient numbers of platelets will 
aggregate to form a haemostatic plug with the other 
formed elements of the blood. In the case of woven 
Dacron, the pronounced drop in platelet count during 
perfusion of woven Dacron accompanied by a modest 
increase in platelet adhesiveness to the graft indicated 
the induction of a platelet adhesion-aggregation 
reaction. 

The end-product of this activity was studied with the 
scanning electron microscope, which permitted a 
detailed and highly magnified examination of the 
luminal surface of the grafts. The nature and extent of 
deposition of platelets, red cells and fibrin were 
precisely observed. It was seen that metamorphosis of 
the aggregated platelets with pseudopodia was greatest 
following exposure to woven Dacron. A most interest- 
ing observation was that platelets adhered mainly to 
the crests of Dacron graft, whereas fibrin-enmeshed 
red cells predominated in the troughs. An arterial type 
of white thrombus was forming on the crests and a 
venous type of red clot appeared in the troughs. We 
feel that such distribution stems from streamlined and 
rapid flow over the crests in contrast to slower and 
turbulent flow in the troughs. This presumption is 
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supported by evidence that the rate of platelet 
deposition on an artificial surface increases with the 
flow rate (Friedman and Leonard, 1971), whereas 
fibrin and red cell deposition is enhanced by slow flow 
rates (Baumgartner, 1973). 

Low thrombogenicity of a porous-fabric arterial 
prosthesis such as woven Dacron depends on eventual 
stabilization of the graft framework within a fibrous 
tissue matrix, whose luminal surface is covered by a 
complete layer of endothelium (Sauvage et al., 1974). 
That woven Dacron is highly thrombogenic has been 
attributed at first to the pre-clotting manoeuvre 
necessary at the time of implantation, which provides 
an exceedingly thrombogenic flow surface, and, 
subsequently, to the retardation of fibrous tissue 
ingrowth by the relatively smooth walls of woven fibre 
(Yates et al., 1973). Platelets continue to be deposited 
on the flow surface until this is endothelized, and such 
a build-up of thrombus may lead to gradual occlusion 
of the lumen (Sauvage et al., 1974). The ultrastructure 
of the luminal surfaces of autogenous vein and 
aorto-iliac woven Dacron bypasses have been studied 
by scanning electron microscopy (Reichle et al., 1973). 
Examination of the wide-bore Dacron grafts at several 
months after implantation showed that the flow 
surface was composed mainly of collagen swept free of 
platelet aggregates by the rapid blood flow. 

Gore-Tex, a newly developed prosthetic material, is 
made of expanded polytetrafluoroethylene, whose 
structure consists of nodules of solid PTFE inter- 
connected by fine PTFE fibrils. The fibril length 
controls the size of the pores between the fibrils, and 
fibril lengths of 30 um determine that the graft is 
microporous. The vascular grafts develop tissue in- 
growth and a neointima, but the smaller pore grafts 
are associated with a thinner neointima and a low 
thrombogenic potential (Campbell et al., 1975). Gore- 
Tex used as an arterial or venous replacement has 
drawn optimistic reports because of impressive early 
patency rates (Fujiwara et al., 1974; Campbell et al., 
1976; Gore Associates Inc., 1977). To prevent any 
possible risk of aneurysm formation, those Gore-Tex 
grafts which are available as arterial prostheses have a 
wall thickness of about 0-6 mm in addition to an outer 
reinforcing wrap of PTFE in order to provide a burst 
level of 3500 mmHg. To date, there have been no 
reports of aneurysm formation in over 1600 Gore-Tex 
grafts implanted for arterial bypass (Gore Associates 
Inc., 1977). Since we are also evaluating gluteraldehyde- 
preserved HFA as a potential graft, our results show 
encouraging evidence that the effect of these two vessel 
substitutes on platelet function in vitro is minimal. 

In conclusion, this experiment indicates that the 
least thrombogenic of the three types of graft is 
Gore-Tex, followed by HFA. Woven Dacron is 
clearly the most thrombogenic. Although the artificial 
circuit cannot accurately mimic human blood flow 
conditions, we feel that the influence of a graft on 
platelet function has to be considered by the surgeon 
in his choice of the optimal graft. If a graft with 
significant thrombogenic potential is chosen, then it 
may be prudent to consider platelet-disaggregating 
agents, such as dipyridamole, to ensure continued 
patency. 
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Clinically silent gross hypergastrinaemia from a 
multiple hormone-secreting pancreatic apudoma 
S. N. JOFFE, E. ELIAS, J. F. REHFELD, J. M. POLAK, S. R. BLOOM AND 


R. B. WELBOURN* 


SUMMARY 

A patient is described who had a malignant pancreatic 
islet cell apudoma secreting corticotrophin (ACTH) and 
melanocyte-stimulating hormone (MSH), both of 
which were clinically active, and very large quantities of 
immunoreactive gastrins, which were biologically 
active but clinically silent (normal gastric acid secretion 
and no peptic ulceration). The presence of parietal cell 
antibodies, with no increase in the plasma concen- 
trations of hormones which can inhibit gastric acid 
secretion (secretin, GIP and VIP), suggests that many 
of the parietal cells may have been blocked by the 
autoantibodies. 


Most of the amine- and peptide-secreting cells in the 
body, which are distributed widely, have common 
cytochemical characteristics, the most important of 
which are a high content of amine, the capacity for 
amine precursor uptake and the presence of the 
enzyme decarboxylase (Pearse and Welbourn, 1973). 
Pearse proposed the name ‘apud’ for all these cells, 
derived from the initial letters. They are found in the 
central and peripheral nervous systems, the thyroid 
(C cells), the adrenal medulla, the alimentary tract, 
including the islets of Langerhans, and elsewhere. 

Tumours and hyperplastic lesions of these cells are 
known as ‘apudomas’. They usually secrete amines or 
peptides and their secretory capacity is very great. 
They may secrete the normal products of their cells of 
origin (orthoendocrine) or those characteristic of other 
cells or tissues (paraendocrine), and they may form 
part of a syndrome of multiple endocrine adenopathy. 
These and other characteristics suggest that all the 
apud cells may have common or closely related 
embryological origins. The concept is discussed in 
detail elsewhere (Welbourn, 1977; Welbourn and 
Joffe, 1977). 

Pancreatic endocrine tumours are apudomas 
(Pearse and Welbourn, 1973; Pearse and Polak, 1974; 
Pearse et al., 1974; Welbourn et al., 1974) and may be 
orthoendocrine (secreting insulin, glucagon, pancreatic 
polypeptide, vasoactive intestinal polypeptide or 
somatostatin) or paraendocrine. Many of them 
secrete more than one substance (Law et al., 1965: 
O'Neal et al., 1968; Larsson et al., 1975). The patient 
reported here had a malignant pancreatic islet cell 
apudoma, secreting corticotrophin (ACTH) and 
melanocyte-stimulating hormone (MSH), which were 
clinically active, and very large amounts of gastrin, 
which were clinically silent. The patient has been 
mentioned briefly elsewhere (Welbourn, 1977). 


Case report 

A 29-year-old Nigerian male was admitted to Hammersmith 
Hospital in November 1972 with polyuria, polydipsia, abdomi- 
nal pain, diarrhoea and generalized weakness of recent onset. 
Three months earlier a diagnosis of diabetes mellitus had been 
made elsewhere, and he was taking oral hypoglycaemic agents. 
He was drowsy, restless and dehydrated. 


Investigations showed hypokalaemic alkalosis with serum 
potassium of 1:7 mmol/l (norm 3-8-5:2 mmol/D, glycosuria 
(0.25 per cent), no ketonuria and fasting blood glucose of 
6:4 mmol/l (norm 3-5-5-5 mmol/l). He improved rapidly with 
intravenous saline and potassium chloride and the diarrhoea 
never recurred. The diabetes was controlled with insulin and 
large oral doses of potassium were required also. Renal 
investigations showed normal urinary sodium, urea and 
osmolality, but an increased loss of potassium. The creatinine 
clearance, amino acid chromatography, glucose threshold and 
urinary aldosterone were normal. 

Intravenous urography was normal except for calcification of 
the bladder, probably due to schistosomiasis. The intestinal 
investigations, which included sigmoidoscopy, barium meal 
and enema, were normal and rectal biopsy showed calcified 
schistosoma. 

A month later it was noted for the first time that there was 
slight facial mooning, proximal muscle wasting, acne and 
truncal obesity. The blood pressure had risen to 180/100 mmHg 
and the hypokalaemia had persisted. The diabetes mellitus 
required increasing doses of insulin for its control and a clinical 
diagnosis of Cushing’s syndrome of unknown origin was made. 

The hormonal investigations (Table I) showed great excess of 
plasma cortisol (without diurnal variation), urinary free 
cortisol and plasma ACTH. Dexamethasone (8 mg daily) 
suppressed the urinary free cortisol and both metyrapone 
(4-5 g daily) and aminoglutethimide (1:5 g daily) lowered the 
plasma cortisol, but not the plasma ACTH. These findings 
suggested Cushing’s syndrome due to a lesion independent of 
pituitary control, probably an ectopic ACTH-secreting tumour, 
although the effect of dexamethasone on urinary free cortisol 
was paradoxical. 

X-rays and bronchoscopy showed no sign of a tumour in the 
pituitary, the adrenals or the chest, and urinary indoles and 
5-hydroxyindole acetic acid were normal. The liver scan, 
however, showed multiple filling defects compatible with 
metastatic deposits. 


Operation 

At this stage surgical exploration of the abdomen, both to find 
the cause of the acute Cushing's syndrome and possibly to treat 
it, was proposed. 

Preoperative adrenal secretion was reduced with metyrapone 
(0-75 g 4-hourly) and aminoglutethimide (0-5 g 6-hourly), and 
replacement therapy with dexamethasone (0:5 mg 4-hourly) 
and fludrocortisone (0-2 mg daily) was given. At operation on 
16 January 1973 (R. B. W.), through a bilateral subcostal 
incision, the liver was found to contain many metastatic 
deposits of tumour. The primary was in the body of the 
pancreas, it measured 6 cm in diameter and was surrounding 
the superior mesenteric and middle colic blood vessels. The 
spleen was twice the normal size and the adrenal glands were 
enlarged. There was no peptic ulceration. Biopsies were taken 
from the primary tumour and from the metastases, and samples 
of blood were taken from the aorta and from the splenic vein 
proximal to the pancreatic tumour. Both adrenals were then 
removed and found to have a combined weight of 26 g (normal 
— 10 g). Histologically they showed involutional changes with 
evidence of previous hyperactivity. 
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Table I: MEASUREMENTS OF ADRENAL STEROIDS AND CORTICOTROPHIN (ACTH) IN BODY FLUIDS 


Cortisol (nmol) 


Date Therapy 0900 h 
Normal value 110-580 
1972 

14 Dec. Nil 

15 Dec. Nil 

16 Dec. 820 

20 Dec. Dexamethasone 8 mg/24 h 632 

21 Dec. Dexamethasone 8 mg/24 h 

22 Dec. Metyrapone 4-5 g/24 h 

23 Dec. Metyrapone 4:5 g/24 h 220 

25 Dec. Metyrapone 4-5 g/24 h 55 
--aminoglutethimide 1-5 g/24 h 

27 Dec. Metyrapone 4:5 g/24 h 55 
+-aminoglutethimide 1-5 g/24 h 

1973 

3 Jan. 

16 Jan. Bilateral adrenalectomy 

10 Nov. 

3 Dec. Streptozotocin 1 g/m* 


Urine 
17-Oxogenic steroids 


Plasma 
Free cortisol 


2400 h ACTH (ng/D* (umol/24 h} (umol/24 h} 
220 << 60 <275 15-30 
470 (N) 
537 (N) 
824 6603 21 
645 540 18:5 
200 44-5 
275 1584 
82 
525 (N) 
628 (N) 
Arterial 878 (N) 
Tumour vein 1070 (N) 
3849 (N) 
4197 (C) 
7729 (N) 
6014 (C) 


* ACTH measured in peripheral venous blood unless stated otherwise. C, C-terminal and N, N-terminal immunoreactive. 


Table 1i: MEASUREMENT OF HORMONES IN 
METASTATIC TUMOUR 
ACTH 
Immunoreactive C-terminal 
Immunoreactive N-terminal 
Bioactive redox 
MSH 
Immunoreactive MSH-like activity 
Gastrin 
Immunoreactive G 17 equivalent 


0-266 ug/g wet weight 
0-380 ug/g wet weight 
0-335 ug/g wet weight 


0-267 ug/g wet weight 


2-6 ng (1-17 pmol)/mg 
dry weight 


Table Hi: MEASUREMENT OF OTHER HORMONES 
IN PLASMA 


Date Hormone Measurement Normal 
1973 
16 Jan. Gastrin: immuno- 1364 pmol/l 27 pmol/l 
reactive G 17 
equivalent 
10 Nov. MSH: 990 ng/l < 100 ng/l 
immunoreactive 
MSH-like activity 
1974 
19 Jan. Gastrin: immuno- 82 300 pmol/l <27 pmol/l 
| reactive G 17 
equivalent 
19 Jan. GIP 13 pmol/l <40 pmol/t 
19 Jan. VIP Spmol/l < 20 pmol/l 
19 Jan. Secretin 3 pmol/l <9 pmol/l 
19 Jan. Pancreatic polypeptide 12 pmol/l < 50 pmol/l 
Progress 


The early postoperative course was uneventful and the clinical 
and metabolic features of Cushing's syndrome regressed 
rapidly. Insulin was withdrawn after 5 days and the blood 
pressure returned to normal. The patient left hospital 24 days 
after operation, maintained on hydrocortisone 30 mg/d and 
fludrocortisone 0-1 mg/d. 

Soon, however, he complained of central epigastric pain, and 
a barium meal, oesophagogastroduodenoscopy and acid 
studies were carried out. All were normal (BAO 1 mmol/h, 
PAO pg 152 mmol/h). During the subsequent 17 months he 
became increasingly pigmented. There was progressive 
cachexia, the liver enlarged to 10 cm below the costal margin, 
the epigastric pain became persistent and the patient required 


analgesics in increasing amounts. Investigations for peptic 
ulcer were again negative, but the patient would not submit to 
further measurement of gastric acid secretion. In December 
1973, in an attempt to reduce the pain, which was presumably 
pancreatic in origin, and to decrease the size of the liver 
secondaries, he was given streptozotocin (1 g/m? intravenously 
every week). However, by the third week, owing to severe 
nausea and vomiting, he declined to continue the drug. He 
returned home to Nigeria in June 1974 and, despite letters to 
relatives and physicians, remains untraced and is presumed to 
have died. 


The tumour 

Conventional histological staining (haematoxylin and 
eosin) showed the typical morphological features of an 
apudoma (Pearse and Polak, 1974). Cuboidal tumour 
cells, with a highly eosinophilic cytoplasm, were 
arranged in small clusters and ribbons. Mitoses were 
rarely seen. 

The apud-FIF (Eránko, 1967) method for the 
detection of intrinsic amines by the apud cells was 
positive. Tumour cells also stained very clearly with 
other histological and cytochemical methods. Ultra- 
structural studies revealed the presence of two types of 
secretory granule. One (average size 350 nm) had all 
the features described for D cells and the other, in 
lesser number (average size 200 nm), displayed the 
morphological characteristics of ACTH granules of 
the human pituitary. 

Immunohistochemical studies were carried out with 
antibodies to gastrin, glucagon, insulin, corticotrophin 
(ACTH), growth hormone, somatostatin, pancreatic 
polypeptide (Polak et al, 1976), vasoactive intestinal 
polypeptide, motilin, gastric inhibitory polypeptide, 
substance P and calcitonin. An antibody to melanocyte- 
stimulating hormone (MSH) was not used. Positive 
responses were obtained to two antibodies only, 
namely those to ACTH and gastrin, some tumour cells 
reacting strongly with one and some with the other. 


Further hormone assays 
The ACTH levels in aortic and splenic venous blood 
taken at operation were very high, and extracts of the 
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tumour contained large amounts of both C- and 
N-terminal ACTH as measured by radioimmunoassay. 
Similar levels were obtained with the bioactive redox 
method. MSH, which was immunologically distinct 
from the ACTH, was also present in the tumour and 
in the peripheral blood (Tables I, I1). 

The plasma gastrin, which had been 1364 pmol 
equivalent gastrin 17/1 originally, rose to the astonish- 
ing figure of 82 300 pmol/l 1 year later. The gastrin 
components in the plasma and tumour tissue (after 
extraction in boiling water) were characterized by 
Sephadex gel filtration and aminoethyl-cellulose 
chromatography (Rehfeld and Stadil, 1973; Rehfeld 
et al., 1974). In the present study a C-terminal specific 
gastrin antiserum (26048) was employed. It measured 
components I-III with equimolar potency (Rehfeld, 
1976). The plasma gastrins were similar to those 
observed in Zollinger-Ellison syndrome patients, with 
component I constituting 9 per cent, component H 
(i.e. gastrin 34 or big gastrin) 47 per cent, component 
HI (i.e. gastrin 17 or little gastrin) 34 per cent, and 
component IV (i.e. gastrin 14 or minigastrin) 10 per 
cent. Most of component III was the sulphated form of 
gastrin 17. The tumour contained mainly the smaller 
gastrins, gastrin 17 and gastrin 14 (Figs. 1, 2). 

Bioassay of gastrin in the blood gave a reading of 
between 90 000 and 114 000 pmol/l. A very high titre 
of parietal cell antibodies was found in the blood by an 
immunofluorescent technique using human stomach 
mucosa as the antigen substrate. No excesses of the 
gut polypeptides, GIP, VIP and secretin, which might 
have inhibited the action of gastrin, were found in the 
blood (Table HI). 


Discussion 

This patient’s islet cell tumour, like many other such 
tumours, secreted several polypeptides, and ACTH, 
MSH and four varieties of gastrin were identified. The 
first two caused Cushing’s syndrome and hyper- 
pigmentation respectively. The unusual feature was 
that the large quantities of gastrins did not cause a 
Zollinger-Ellison syndrome. The gastrins were im- 
munochemically normal and biologically active (in the 
dog) No excessive concentrations of inhibitory 
polypeptides could be detected in the blood. The 
presence of parietal cell antibodies suggests that many 
of the parietal cells may have been blocked, but the 
stomach appeared normal on endoscopy and the 
secretion of gastric acid was normal in response to 
pentagastrin on the one occasion when it was measured. 
Unfortunately, biopsies were not taken at the initial 
examination, and the patient would not submit to 
another. The difficulty about attributing the normal 
level of gastric secretion in the presence of gross 
hypergastrinaemia to gastritis is the normal secretory 
response to pentagastrin. Rooney, however, has 
studied 14 patients with rheumatoid arthritis, whose 
plasma gastrin concentrations were in the Zollinger- 
Ellison range (Rooney et al., 1976), but whose gastric 
acid secretion and gastric mucosal histological 
structure were normal (Rooney, 1976). 

Under certain circumstances, very large doses of 
gastrin inhibit gastric acid secretion. in the dog 
(Gillespie and Grossman, 1963). It is possible that a 
plasma level of 82 300 pmol/l might inhibit secretion 
similarly in man, but secretion was normal when the 
plasma concentration of gastrin was 1364 pmol/l. 
Levels both lower and higher than this are associated 
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Fig. 1. Distribution of gastrin immunoreactivity in plasma by 
gel filtration on Sephadex G-50 fine column. 
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Fig. 2. Distribution of gastrin immunoreactivity in tumour 
extract by gel filtration on Sephadex G-50 fine column. 


with gross gastric acid hypersecretion in many patients 
with a Zollinger-Ellison syndrome. The problem 
remains unsolved in this patient. 
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Lord's procedure: a critical study of its basic principle 


H. ORTIZ, J. MARTI, E. JAURRIETA, C. MASDEVALL, J. FERRER AND 


A. SITGES* 


SUMMARY 
In 5 patients affected by second-degree haemorrhoids a 
biopsy of one of the bands mentioned by Lord was taken 
and studied by light microscopy using Masson’s tech- 
nique. The study proved the structures to be normal 
smooth and striated muscle fibres. Anal pressure was 
studied preoperatively in 20 patients with haemorrhoids 
and postoperatively in 25 patients, 14 after a Lord's 
procedure and 11 after a conventional Milligan and 
Morgan procedure. A statistical study of the pressure 
values obtained in the three groups at centimetre inter- 
vals showed no significant differences between the three 
groups except when we compared the values obtained at 
1 cm of the anal verge in untreated patients and in those 
operated on by the Milligan and Morgan procedure. 
Sixty patients affected by second- or third-degree 
haemorrhoids without other anal complaints were ran- 
domly allocated to one of two groups. Thirty were 
operated on by Lord's method and the other 30 by the 
Milligan and Morgan procedure. Fifty-two of the 60 
patients were followed up for 1 year or longer post- 
operatively. Twenty-eight had been operated on by 
Lord's method and the other 24 by the Milligan and 
Morgan technique. Clinical results were statistically 
assessed within and between techniques. The study 
showed that with both methods bleeding, prolapse and 
pain disappeared but that pruritus was not modified by 
the operations. On the other hand, the results suggest 
that Lord's method produces flatus incontinence. The 
results of the statistical comparison between techniques 
showed that there is no significant difference between 
the two methods in respect of prolapse, pain and pruritus. 
On the other hand, the results obtained for prolapse and 
incontinence with the Milligan and Morgan technique 
were significantly better than with Lord's method. Our 
results suggest that stretching of the anal sphincters 
does not have the physiopathological basis suggested by 
Lord. From a clinical point of view, the limited number 
of controlled patients in our series on 1-year follow-up 
only does not allow final conclusions to be drawn. 


In 1968 Lord published the results of a new method 
of surgical treatment of haemorrhoids. Since then 
many authors have conducted trials to compare the 
results of Lord's procedure with those of other tech- 
niques (Ruffin and Alexander, 1971; Chant et al, 
1972; Anscombe et al, 1974; Jones and Schofield, 
1974; McCaffrey, 1975). A review of the literature 
has failed to show any attempt by previous authors 
to establish the actual basis for Lord's method. 

Lord's procedure 'is based on the belief that 
haemorrhoids constitute a reversible condition and 
that they are caused by a narrowing of the lower 
rectum and/or anal canal. The narrowing interferes 
with the normal process of defaecation and leads to 
an abnormal raising of the intrarectal pressure during 
the act causing venous congestion and, hence, haemor- 
rhoids’ (Lord, 1969). 

The anorectal narrowings are caused by circular 
constricting bands. ‘These bands are often multiple 


and not confined to the level of the anal sphincter, but 
may be superficial to this and they are often found 
around the lower third of the rectum’ (Lord, 1969). 

The objective of this study was to verify Lord’s 
hypothesis and to evaluate the results of Lord’s opera- 
tion by histological and manometric means. 


Histological examination 


Patients and methods 

Five patients with haemorrhoids were operated upon using the 
Milligan and Morgan technique. In all cases one or two fingers 
of each hand were inserted into the lower rectum and anal 
canal to feel the circular bands described by Lord. A Parks 
retractor was introduced through the anal canal and a Cushing 
silver clip was placed in a band under the anorectal ring. A 
square (-5x0-5 cm was taken from the target band. The 
square included the mucosa and the internal and external 
sphincter The samples were placed in formaldehyde (10 per 
cent), included in paraffin, sectioned in three parts and stained 
by Masson's trichrome to detect any fibrous condensation. 


Results 

None of the samples showed structures identified as 
connective tissue; the histological study proved the 
structures to be smooth and striated muscles fibres 
(Figs. 1, 2). 


Study of anal pressures 


Patients and methods 

Anal pressure was studied preoperatively in 20 patients, in the 
sixth month ofthe postoperative period in 25 patients, after a 
Lord's procedure in 14 and after a conventional Milligan and 
Morgan operation in 11. Pressure was recorded by means of 
an anal probe, which consisted of a latex balloon lcm in 
diameter placed at the top of a metallic cannula 25 cm long 
with an inner diameter of 1:8 mm and an outer diameter of 
2 mm. The cannula and the balloon were filled with a saline 
solution. Pressure determinations were made with the balloon 
inflated to a pressure of between 4 and 6 mmHg. The cannula 
was connected by a three-way stopcock to a Statham pressure 
transducer and this was connected in turn to a Dynograph 
Recorder (Beckman R-611). 

Recordings were taken with the patient in the left lateral 
position with the hips flexed just above 90^. The cannula was 
introduced through the anal canal by means of a conventional 
proctoscope. The anal pressure was measured at distances of 
between 1 and 7 cm from the anal verge. At each position 
recordings were made for about 25 s. 


Results 
The mean and the standard deviation were determined 
in each group of patients at several levels from the 
anal verge (Table I). The pressure values in the three 
groups were compared at 1-cm intervals by the Mann- 
Whitney U test. The results obtained are shown in 
Table H. 

The difference is not significant when pressures are 
compared at different levels in the three groups except 
when the values obtained at 1 cm from the anal verge 
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Fig. 1. Specimen taken from a band of the anal canal. Normal 
mucosa without fibrosis. (Masson trichrome. x 2-25.) 
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Fig. 2. Specimen taken from a band of the anal canal. Normal 


striated muscle fibres without fibrosis. (Masson trichrome. 
x2:25.) 
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Fig. 3. Pressure and ECG tracings taken from a patient with 
haemorrhoids. This recording was taken at 3 cm from the 
anal verge. At the top a normal recording is shown, and 
below the recording obtained after 1 mg of atropine was 
given to the patient. 


Table 1: ANAL PRESSURE VALUES IN 20 
PREOPERATIVE PATIENTS AND IN 25 
POSTOPERATIVE PATIENTS 

Postoperative 


Milligan 
Level Preoperative Lord and Morgan 
(cm) Mean s.d. Mean s.d. Mean s.d. 
l 79-76 32-95 6785 2216 54.09 17:14 
2 87.14 3i 72:85 23-09 7-27 33:23 
3 81:90 30-71 68-21 26°86 65 26-92 
4 45.23 28-26 47-5 21-63 3845 31-73 
5 28-14 19:64 2P3 17:40 19-54 14-01 
6 19-14. 11:95 21-78 9-11 14:54 10:55 
7 1933 11°35 20-35 9-49 12-09 6-97 





Fourteen patients had had a Lord's procedure and 11 a Milligan 
and Morgan operation. 


Table Il: STATISTICAL EVALUATION OF THE 
PRESSURE VALUES IN THE THREE GROUPS 


Level (cm) Mann-Whitney test (U) P 
Preoperative v. Lord 
1 102-5 — 83 n.s. 
9183 ns. 
3 128 >83 n.s. 
4 100 83 n.s. 
5 131 83 n.s. 
6 123» 83 n.s. 
7 255 >83 n.s. 
Preoperative v. Milligan and Morgan 
1 59:5 >62 0-05>P>0-01 
2 114-5>62 n.s. 
3 82.5 62 n.s. 
4 90:5 > 62 n.s. 
3 69-5 — 62 n.s. 
6 86-5 — 62 n.s. 
7 T1262 n.s. 
Lord v. Milligan and Morgan 
l 47 40 n.s. 
p 78:5 40 n s. 
3 70 — 40 n s. 
4 53-40 n.s. 
5 5440 n.s. 
6 4340 n.s. 
7 4] — 40 n s. 


are compared between untreated patients and those 
operated on by the Milligan and Morgan technique. 

Seven out of the 20 patients studied in the pre- 
operative period and one of those operated on by the 
Milligan and Morgan technique showed waves on the 
recordings. The frequency of these waves varied be- 
tween 80 and 110 per minute and the amplitude varied 
over 100 mmHg. These waves were closely related to 
the heart beat and varied with it when 1 mg of atropine 
was administered to the patient (Fig. 3). 


Clinical study 


Patients and methods 

Sixty patients with haemorrhoids—not associated with other 
conditions such as fistulas or fissures—were operated on. At 
the time of first examination, all patients had second- or third- 
degree haemorrhoids. Patients were randomly allocated to one 
of two groups. Thirty were treated by Lord’s method and the 
other 30 underwent a conventional Milligan and Morgan 
operation. 

The age distribution of the patients in both groups was 
similar. In the group treated by Lord’s technique the mean 
age was 42 and the standard deviation + 10-68, whilst in the 
Milligan and Morgan group the mean was 42:93 and the 
standard deviation -- 12:40. In both groups the male : female 
ratio was similar (4 : 1). 


Al patients were operated on under general anaesthesia, 
without any preoperative treatment. In the Lord's operation 
six or eight fingers were inserted into the anal canal and 
rotated in such a way that dilatation was achieved in all 
directions. After dilatation a sponge was left in the anal canal 
for an hour to prevent submucosal haematoma formation. On 
the first postoperative day the dressing was removed and the 
anal region was washed three times a day with plain water. 
Neither bulk laxatives nor Lord's dilatators were used. Patients 
were discharged home after the first bowel movement, usually 
on the third or fourth postoperative day. 

The patients were reviewed after 2 weeks, 2 months, 6 
months and 1 year. Fifty-two of the 60 patients were followed 
up for | vear—28 had been treated by Lord's method and the 
other 24 by the Milligan and Morgan technique. 


Results 

The results of both techniques were evaluated accord- 
ing to the disappearance of symptoms. Pre- and 
postoperative symptoms with each technique were 
ompared using a y? ora Fisher's exact test. The 
accepted level of significance was « 0:05. The results 
of this study are shown in Tables III and IV. 

With the Milligan and Morgan procedure a signi- 
ficant difference was found before and after operation 
for all symptoms except for pruritus and flatus incon- 
tinence (ie. flatus and minor soiling incontinence). 
With Lord's method a significant difference was 
achieved as far as bleeding, prolapse and pain were 
concerned; pruritus, however, was not modified by 
the operation. As far as incontinence is concerned, we 
observed a probability value very near the limit of 
significance; therefore we could suggest that Lord's 
method produces flatus incontinence. We have not 
Observed incontinence of faecal matter in our series. 

The results of both techniques were then evaluated 
according to the presence of symptoms 1 year post- 
operatively. Each symptom was assessed individually. 
Comparative statistical evaluation between the two 
techniques was carried out, in a qualitative form, 
through a Fisher's exact test. The accepted level of 
significance was «0-05. The results are set out in 
Table V, which shows that there is no significant 
difference between the techniques despite the larger 
number of unsatisfactory results obtained with Lord's 
procedure. 


Discussion 
The results of the histological studies allow us to 
conclude that the fibrous bands mentioned by Lord 
as the primary cause of haemorrhoids do not exist. 
From a morphological standpoint, Lord's theory has 
no basis; however, this theory could be accepted 
from a functional point of view if it is accepted that 
the high anal pressure present in patients suffering 
from haemorrhoids may be due to a disorder of moti- 
lity of the internal sphincter, which could act as it 
does upon colonic musculature in diverticular disease. 

A functional basis for Lord's operation could only 
be substantiated if the muscular dysfunction respon- 
sible for the haemorrhoids had the following charac- 
teristics: 

1. It causes high anal pressure responsible for the 
haemorrhoids. 

2. The high pressure ceases after anal dilatation. 

3. The high anal pressure is not modified by the 
Milligan and Morgan procedure, which does not act 
upon the muscle. 

Our results reveal that, 6 months postoperatively, 
the anal pressure does not show any change from the 
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Table Ili: MILLIGAN AND MORGAN TECHNIQUE: 
STATISTICAL COMPARISON BETWEEN PRE- AND 
POSTOPERATIVE SYMPTOMS 


Preoperative Postoperative P 
Itching 10 7 0-50— P030 
Pain 17 1 P= 115x10 
Prolapse 24 0 P= 3] x10 
Incontinence 4 ] P= 0-52 
Bleeding 23 l P= 17x0 





Calculated by y? and Fisher’s exact test. 


Table IV: LORD'S TECHNIQUE: STATISTICAL | 
COMPARISON BETWEEN PRE- AND POSTOPERATIVE 
SYMPTOMS 


Preoperative Postoperative P 
liching 12 8 0-30— P020 
Pain 21 P P= 144x107 
Prolapse 28 7 P= 8:79 x107 
Incontinence 3 9 P= 0-078 
Bleeding 27 5 P= 63 x 10-1 


Calculated by y? and Fisher’s test. 


Table V: STATISTICAL COMPARISON OF THE 
RESULTS OBTAINED WITH THE TWO 


TECHNIQUES 
Technique 
Milligan and Fisher's 

Lord Morgan exact test 
No. of patients 28 24 
Itching 8 7 ns. 
Pain 2 1 n.s. 
Prolapse 7 0 P= 0-018 
Incontinence 9 1 P = 00228 
Bleeding 5 i P = 0-276 


preoperative value with either of the techniques. We 
can therefore conclude that there is no functional 
basis to support Lord’s operation, 

Our results differ from those published by Hancock 
and Smith (1975), who noted a significant fall in the 
6-month postoperative anal pressure after anal dila- 
tation. The preoperative pressure wave recordings 
that appeared in 34 per cent of the preoperative 
patients and in 1 of the postoperative patients in our 
series were different in amplitude and frequency from 
those obtained by other authors. We found that these 
waves correspond with heart beats and have no patho- 
logical significance, in fact some patients had post- 
operative symptoms with a normal pressure tracing. 
In this sense, our results differ from those obtained 
by Hancock and Smith (1975). From a clinical point 
of view, the limited number of controlled patients in 
our series at 1 year postoperatively does not permit 
definitive statistical conclusions. 

Statistically, both operations cure the haemorrhage, 
the prolapse and the pain. Haemorrhoidectomy does 
not cure the pruritus but does not cause flatus or 
soiling incontinence; on the other hand, anal dila- 
tation does not cure the pruritus and could produce 
incontinence. In our experience, the percentage of 
patients with incontinence after Lord's operation is 
similar to that reported by other authors, which varies 
from 16 to 25 per cent (MacIntyre and Balfour, 1972; 
Fussell, 1973), except for the series of Walls and 
Ruckley (1976), who found this symptom in only 
1 per cent of their patients. 
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Though it is not possible to make definite statistical 
conclusions regarding the two procedures, it would 
seem that the results obtained for prolapse and in- 
continence are worse after Lord's procedure than 
after a Milligan and Morgan operation. We do not 
believe that our relatively poorer results after Lord's 
operation are due to the fact that we did not carry 
out postoperative dilatation, since the bad results 
were characterized by incontinence and pruritus, and 
presumably these symptoms would have been 
worsened by dilatation. 

We conclude that a forced anal dilatation does not 
have the physiopathological basis suggested by Lord. 
The clinical results obtained to date, however, do not 
allow final conclusions. 
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The bacterial flora of the biliary tract and liver in man 
M. DYE, A. MACDONALD AND G. SMITH* 


SUMMARY 

A bacteriological study was made of 106 patients 
undergoing elective surgery for gallbladder disease and, 
as a control group, of patients with a normal biliary 
tract but requiring laparotomy for gastrointestinal 
disease. The isolation rate of all species of bacteria from 
the gallbladder and common bile duct in those patients 
with calculi in the duct system and in those with non- 
functioning gallbladders was considerably higher than in 
patients with a normal biliary system. Surprisingly, the 


number of isolates from patients with a history of 


cholecystitis or cholelithiasis was no greater than in the 
control group of patients. 

Using modern techniques of anaerobic retrieval and 
culture, only a small number of anaerobes were isolated, 
and despite the prevalence of Bacteroides species as a 
normal gut inhabitant and as an opportunistic pathogen, 
this organism was not recovered from any of the sites 
investigated. Anaerobic species were isolated from 8 out 
of the 106 liver biopsy specimens taken at a very early 
stage after laparotomy, but in such patients only 
non-specific liver changes were found by histological 
examination. In 8 patients from whom Escherichia coli 
or other aerobes were isolated from bile samples, at 
concentrates ranging from 10° to 10°/cmP, the same 
species of organism were consistently isolated from 
T tube drainage samples for up to 8 or 9 days despite 
tetracycline therapy. 


INFECTION of the bile has been observed frequently 
when stones are present in the common duct (Elkeles 
and Mirizzi, 1942). The sources of the bacteria have 
been thought to be the duodenum—as suggested by the 
term ‘ascending cholangitis'—or the gallbladder, when 
chronically inflamed and usually the site of stone 
formation (Scott and Khan, 1967). The role of 
inflammatory disease of the biliary tract in the genesis 
of stone formation has been repeatedly stressed for 
many years. There is, however, a considerable paucity 
of information on the bacterial content of bile both in 
normal and in clearly defined pathological diseases of 
the biliary tract, using modern methods for the 
isolation of microaerophilic and strict anaerobic 
species. 

Infection. of the gallbladder and biliary tract is 
commonly caused by Escherichia coli, less often by 
other members of the Enterobacteriaceae and by the 
enterococci. Of the anaerobic organisms, Clostridium 
perfringens is a well-recognized cause of severe 
infection, but other members of the clostridial group 
are rarely implicated. The Gram-negative non-sporing 
anaerobes, such as Bacteroides fragilis, which are 
the predominant organisms in the healthy bowel 
and are common primary pathogens in liver abscess 
(Altemeier, 1974) and peritoneal sepsis (Gorbach 
and Bartlett, 1974), are not often isolated from the 
gallbladder or biliary tract. Similarly, certain species of 
peptostreptococci and other Gram-positive anaerobic 
bacteria are rarely isolated. A possible reason for this 
may be that the routine methods formerly employed 
for securing anaerobic conditions both in the collection 


and transport of specimens from patients as well as for 
culture were inadequate for those species of anaerobes 
such as B. fragilis which are highly oxygen-sensitive. 
In the present investigation of patients suffering from 
gallbladder or biliary tract disease, bacteriological 
methods were employed which were considered 
adequate for the isolation of most of the strict 
anaerobes now known to be associated with human 
infection. In addition, patients not suffering from 
biliary disease were also studied. 


Patients and methods 

In the patients with gallbladder or biliary tract disease 
cholecystectomy was carried out only if acute inflammatory 
symptoms had subsided. For the bacteriological investigation, 
patients were divided into four groups. Group 1 comprised 
30 individuals with no liver or biliary symptoms, but who 
required laparotomy for duodenal ulcer or other abdominal 
lesion. Group 2 contained 16 patients in whom calculi were 
present in the common bile duct. Group 3 comprised 47 patients 
with non-obstructed, radiologically functioning gallbladders 
with stones therein. Group 4 included 13 patients with 
mucocoele and radiologically non-functioning gallbladders. All 
were due to stone(s) impacted in Hartmann’s pouch or the 
cystic duct. In all the patients in groups 2, 3 and 4 peroperative 
cholangiography was carried out. 


Collection and investigation of specimens 

Samples were collected during operation and were cultured 
both by aerobic and anaerobic methods. In some patients, 
however, it was technically not possible to obtain samples from 
each of the sites selected and in the case of patients with 
a normal biliary tract, only gallbladder and liver biopsy 
specimens were obtained. In order to limit the number of 
specimens to be handled at operation, it was found that one 
sample placed in an anaerobic transport bottle, to ensure the 
viability of fastidious anaerobes, could be used both for aerobic 
and anaerobic culture since aerobes would not be adversely 
affected by brief exposure to anaerobic conditions during 
transport to the laboratory, which was accomplished within a 
period of 10 min. 

Immediately after exposure of the gallbladder, bile was 
aspirated from the fundus and the material injected directly 
into a CO,-filled bottle. Needle biopsy specimens of the liver 
were taken and divided; one part placed in an anaerobic 
transport bottle, the other fixed in formol saline for histology. 
During peroperative cholangiography, a swab was taken from 
the opened cystic duct and the fluid obtained by cannulation 
down to the common bile duct was collected in an anaerobic 
transport bottle. The gallbladder was opened on removal and 
sent for histology while a portion of the wall was removed for 
culture by aerobic and anaerobic methods. When choledochos- 
tomy was performed, T tube drainage samples were also 
examined. The bile was obtained through a syringe with a fine 
needle and collected in an anaerobic transport bottle. Such 
samples were collected for up to 8 days following operation 
when the tube was removed after check T tube cholangiography. 
No case with retained common duct stones was found. 

Initially all samples were cultured quantitatively in roll-tubes 
using Caldwell and Bryant (1966) media, but as the number of 
anaerobes isolated was relatively small, subsequent anaerobic 
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Table I: NUMBER OF ISOLATES BOTH AEROBIC 
AND ANAEROBIC FROM SAMPLES COLLECTED 
FROM EACH GROUP OF PATIENTS 


Source of specimen 


Gallbladder ble Common duct bile Liver tissue 


Group | 6/30 (2074) 0/2 5/29 (17%) 
Group 2 9/16 (56%) 9/12 (75%) 2/12 17%) 
Group 3 14/47 (30%) 5/36 (14%) 2/50 (494) 
Group 4 6/13 (4674) 5/10 (S04) 0/13 — 


Table H: IDENTITY OF BACTERIAL AEROBIC 
ISOLATES FROM THE 4 GROUPS 
Source of isolates 
Common 





Aerobic organisms Gallbladder bile duct Liver 
Escherichia coli 17 12 0 
Staphylecaccus albus 8 0 Q 
Diphtheroids 4 3 0 
Klebsiella aerogenes 2 2 i 
Streptococcus faecalis 2 1 0 
Streptococcus viridans i 0 0 
Unidentified Gram-negative [ 1 0 

rod 
Table HI: IDENTITY OF ANAEROBIC ISOLATES 
FROM THE 4 GROUPS 

Source of isolates 
Common 
Anaerobic organisms Gallbladder bile duct Liver 

Peptostreptococcus acnes 2 0 4 
Peptostreptococcus sp. Q 1 1 
Eubacterium aerofaciens 0 0 2 
Unidentified Gram-positive 2 0 0 

rod 
Clostridium perfringens 0 0 1 

Type A 


cultures were qualitative using SBHI (supplemented brain- 
heart infusion) broth and the gassing technique and by primary 
plating on pre-reduced blood agar plates. The gassing technique, 
which removes dissolved oxygen, involved using carbon dioxide 
from which all traces of oxygen had been removed by passing 
through a furnace packed with copper turnings (British Oxygen 
Company). An anaerobic atmosphere was provided in the 
anaerobic jars, which contained two catalyst sachets and 
hydrogen-carbon dioxide generator envelopes (Gas Pak) 
which were used as recommended by the manufacturer 
(Becton, Dickinson Ltd). Delay between streaking plates and 
setting up anaerobic jars did not exceed a few minutes. All 
specimens were also cultured aerobically on blood agar and 
also on four selective media: MacConkey agar no. 3 (Oxoid 
Ltd), mannitol salt agar (Oxoid Ltd}, enterococcus agar (BBL) 
and Rogosa SL agar (Difco). 


Results 

The total number of bacterial species isolated by 
aerobic and anaerobic cultural methods is shown in 
Table I. The six strains of bacteria isolated from the 
biliary tract of control patients included one strain of 
Staphylococcus albus which may have been a con- 
taminant. Although the number of individuals with 
calculi in the duct system was small, this group gave 
the highest proportion of isolations—9 out of 16 in the 
gallbladder and 9 out of 12 in the common bile duct. 
In group 3, culture of the gallbladder bile revealed a 
smaller proportion of isolations, and it is possible that 
examination of the submucosal tissue of the gallbladder 
would have demonstrated a higher rate of infection. 
Only 13 individuals with mucocoele or non-function- 
ing gallbladders were examined, but organisms were 
isolated from nearly half of these. 


Many of the species of aerobic organism isolated 
from the four groups of patients are recognized as 
potential pathogens in the biliary tract. It is apparent 
from Table H that E. coli was the commonest isolate, 
and in all but three instances this occurred in pure 
culture, Counts of the aerobic organisms isolated 
showed concentrations varying between 10° and 
107/cm® of the bile samples tested. This was also true 
for bile drainage samples obtained by needle aspiration 
from T tubes. The same organism was always recovered 
from the T tube drainage samples as was isolated from 
the gallbladder. T tube drainage bile cultures invariably 
remained positive over the 8-9 days while the drain 
was in place and administration of tetracycline did not 
reduce tbe viable counts. Six out of 8 T tube bile 
samples were infected when cultures from the gall- 
bladder or ducts were positive. On the other hand, 
4 out of 4 T tube samples remained sterile when the 
gallbladder and ducts were free from infection. 

The proportion of liver biopsy samples containing 
bacteria is shown in Table J, and in all but one instance 
isolates were anaerobes as shown in Table HI. The 
aerobic isolates from the liver were a strain of S. albus 
and one of Klebsiella aerogenes, which was found to be 
in a concentration of 10°/g. This latter organism was 
also isolated from the biliary tract and from the 
drainage bile. 

In those cases where organisms from the gallbladder 
and common bile duct could be compared, the species 
recovered were identical and in only one instance was 
an anaerobe (Peptostreptococcus sp.) recovered from 
the common bile duct while the gallbladder bile proved 
negative. As already mentioned, technical reasons 
made it impossible to obtain bile samples from both 
sources from every patient studied. All 8 anaerobic 
strains of bacteria were isolated after culture in 
enrichment media. 

Histopathological reports were available from 33 of 
the liver biopsy specimens investigated. Seventeen of 
these were considered normal and 10 showed only 
minor fatty changes. The remainder showed mild, 
non-specific, chronic inflammatory cell infiltration 
and one revealed neoplastic change. From the 9 
specimens from which bacteria were isolated, only 
4 histological reports were available. Three of these 
specimens were considered normal and the fourth had 
a moderate degree of non-specific inflammatory 
infiltrate. 


Discussion 

The results shown in Tables I and IH represent the 
findings in patients whose elective cholecystectomy 
was undertaken only when acute inflammatory 
episodes had subsided. Moreover, many of them had 
histories of previous attacks which had been treated 
with ampicillin or tetracycline. The findings, therefore, 
do not necessarily reflect either the true incidence of 
infection in gallbladder and biltary tract disease or the 
nature of the organisms primarily concerned, Never- 
theless, one might expect that, despite symptomatic 
quiescence and with no recent antibiotic therapy 
employed, there would be persistence of the causative 
organisms in diseased organs liable to episodes of 
acute inflammation. It is apparent that the isolation 
rates of all bacteria from the gallbladder and common 
bile duct in patients with calculi in the duct system 
(group 2) and in those with mucocoele or a non- 
functioning gallbladder (group 4) were considerably 


higher than in individuals with a normal biliary 
system (group 1). Surprisingly, there was no compar- 
able increase over the control group among patients 
with a history of cholecystitis and cholelithiasis 
(group 3). 

The number of anaerobic isolates from all sites in 
the gallbladder and biliary tract was small and while 
several of them have been claimed to have pathogenic 
significance, there was no evidence of the role they 
played in the cases studied. The absence of Bacteroides 
species was unexpected, particularly as this organism 
is increasingly recognized as a common pathogen both 
in peritoneal and liver infections and as a cause of 
bacteraemia. Of considerable interest was the isolation 
of 8 anaerobes from the liver while only 1 sample 
contained aerobes-—strains of S. albus and of K. 
aerogenes. Nielsen et al. (1974) critically reviewed the 
literature on anaerobic culture of liver samples, laying 
down certain essential criteria for adequate examina- 
tion. The methods employed in the present investi- 
gation satisfied these criteria. Later Nielsen and 
Justesen (1976) found that 16 of 41 patients with 
infected bile yielded anaerobes and that B. fragilis 
and other non-sporing anaerobes were most frequently 
isolated. Our isolates were present in small numbers 
and the histology of liver samples either showed normal 
architecture or minor non-specific inflammatory 
changes. There was no evidence from the small biopsy 
samples that the presence of these anaerobes in the 
liver had produced specific pathology. It is, however, 
considered unlikely that the isolated anaerobes were 
derived from skin contamination—not all of them 
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occur among the normal flora of the skin. Further- 
more, liver biopsy was carried out at a very early stage 
after laparotomy; they were unlikely, therefore, to 
have been derived from bowel contamination. The 
Kupffer cells of the liver sinusoids and the endothelial 
cells of the blood vessels are highly effective in 
trapping bacteria, but in biliary tract disease, especially 
if calculi are present, complex physical and chemical 
changes may well affect the conditions for survival or 
multiplication, and hence the chance of recovery, of 
particular species of micro-organism. 
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Assessment of suture materials for intestinal use by an 
extramucosal implant technique and a quantitative 


histological evaluation 
C. J. FONTAINE AND H. A. F. DUDLEY* 


SUMMARY 

Six suture materials, 5 of which are in common use for 
intestinal suture, were implanted in the small and 
large bowel of the rabbit, and thereafter the durability 
of their tensile strength and the histological reaction 
produced were assessed at standard times over 64 days. 
Absorbable sutures (catgut and polyglycolic acid) lose 
strength too rapidly to provide reliable sole support, 
though the synthetic absorbable produces only a slight 
reaction. Non-absorbabies maintain their strength. 
Only minor differences exist between the reactions 
produced by different non-absorbables. Other considera- 
tions such as handling characteristics or the results of 
clinical work should be borne in mind in the selection of 
the optimum suture material. 


THeeffect suture materials have upon the tissues and the 
influence of tissue reaction upon the tensile strength 
of the suture material are usually assessed by implanta- 
tion in skin, subcutaneous tissues, muscle and fascia 
(Douglas, 1952). The results have then been applied 
to other sites— cardiovascular, ophthalmic, gastro- 
intestinal, urological. 

In the gastrointestinal tract some attempt has been 
made to assess sutures directly by the examination of 
the effects of their transluminal implantation (Hastings 
et al., 1975). Important though such studies are, they 
reflect not only the interaction of tissues and suture, 
but also the effects of various intraluminal liquids and 
of bacteria both on the suture and on the tissues. 
Furthermore, in such studies attempts have so far not 
been made to quantitate the results. As a first effort 
to arrive at the optimum intestinal suture material it 
is reasonable to obtain direct information as to the 
nature and intensity of the reaction between suture 
material and the wall of the gut. For this purpose we 
have used an experimental model in which suture 
materials are placed extramucosally. 


Materials and methods 


Experimental design 

Two groups of New Zealand White rabbits of mixed sex and 
weight (range 3-0-3-8 kg) were used. One group had extra- 
mucosal implants for tensile strength, the other for histological 
assessment. In each animal 3 implants of each of 6 materials 
were made in the small and large bowel, a total of 35 implants 
for each animal. One animal from each group was examined at 
12 h, 1, 2, 4, 8, 16, 32, 48 and 64 days to assess tensile strength 
and histological reaction. 


Sutures and their insertion 

Six materials were studied: a synthetic absorbable (poly- 
glactin-—XLOGO); chromic catgut; braided silk; braided poly- 
amide (nylon); braided polyester with a polytetrafluoroethylene 
(PTFE) coat; and monofilament polyamide. An extramucosal 
implant was made over 5cm for the assessment of tensile 
strength and over 1 cm for the histological series. If evidence of 
mucosal penetration was found the animal was discarded. 


Nembutal anaesthesia (10-12 mg/kg in saline) and full 
aseptic technique were used. The abdomen was opened by a 
midline incision. Both ends of the implant were knotted as they 
emerged to prevent displacement. The abdominal wall was 
closed with a single layer of braided polyester and the skin with 
subcuticular XLG. 


Assessment 

The animals were again anaesthetized with nembutal. For the 
determination of tensile strength one knot was cut and the 
implanted sutures were gently withdrawn from the bowel. 
Except for polyglactin 910, which was kept dry, all sutures 
were placed in 90 per cent isopropyl alcohol. Tensile strength 
was then tested in the Instron tensiometer (model 1025 load 
celD, six determinations being made at each time. For histo- 
logical examination the small and large bowel were removed in 
turn, opened longitudinally and the implants, with surrounding 
bowel, were dissected out, flattened on a piece of card and then 
placed in buffered 10 per cent formol saline. One animal was 
found at this time to have a coated polyester and polyglactin 
implant within the lumen of the bowel and was excluded from 
the series. The tissue was wax-embedded and 5-um sections 
were cut transversely and stained with haematoxylin and eosin 
and with Masson trichrome. Six sections were made for each 
implant. The sections were classified by one person (C.J.F.) 
using an established method based on a scoring system for the 
cellular infiltrate, the diameter and the density of the cellular 
response (Sewell et al., 1955). 


Results 


Tensile strength 

The results are shown in Fig. 1. As might be expected, 
‘non-absorbable’ materials showed little change in 
tensile strength over the period of study, though in all 
but the braided polyester there was a moderate 
decline. Catgut and the synthetic absorbable 
materials gradually lost strength, but the initial 
disappearance of the latter was delayed. 


Cellular reaction 

Direct inspection. of the results of inflammatory 
response does not disclose differences between ileum 
and colon. Accordingly, these have been pooled. 
Because measurements of cellular reaction are made 
on an ordinal scale, tests for statistical difference were 
applied using the Wilcoxon ranking technique. All 
sutures produced a brisk initial reaction, maximal at 
4 days (Fig. 2). Little difference was apparent between 
suture materials when comparisons were made (a) 
between each suture at the same time after implanta- 
tion and (5) for each suture over a period of time as 
compared with all other sutures. Only chromic catgut 
emerged as statistically significantly more ‘irritant’ at 
5 days through to 64 days. At the end of the study 
period, XLG and braided polyamide showed slightly 
less (but statistically not significant) reaction than 
other suture materials. 





* Academic Surgical Unit, St Mary's Hospital, London. 
Correspondence to: H. A. F. Dudley. 





Polyglactin Emu 
1 NS 
9 
3 
ome P e 
9 
Siik 
idi : ‘N armasman $ oor 
0 
Braided ` " 
polyamide — 2 es sett saaa i oc 34 
1 
0 
s[ “J EC p —cL 
de 2 i ! Se i 
1 
Ü 
eric ME — E Ti cee ee a, 


log time 
Fig. 1. Mean and one standard deviation of straight-pull 
tensile strength against time. 


Discussion 

The choice of a suture material for intestinal surgery 
should turn on three factors: a maintained tensile 
strength until there is a reasonable assurance of an 
adequate laying down of collagen—say the eighth to 
twelfth day (Howes and Harvey, 1929; Nelson and 
Dudley, 1967; van Winkle et al, 1973); a minimal 
inflammatory response which, by prolonging the 
preparative phase, might delay collagen deposition 
or potentiate infection; and handling characteristics 
which satisfy the surgeon and produce secure knots. 
We have assessed the first two; unfortunately, the 
third can only be partly measured, though most 
surgeons would agree that braided materials have 
better handling qualities than monofilament. 

On objective evidence neither of the two absorbables 
meets the durability criterion with an adequate safety 
margin. However, as van Winkle (1975) has pointed 
out, the cumulative information on the relative 
breaking strength of suture material in the gut and of 
the intestine itself suggests that durability of the 
suture is of least importance for a secure anastomosis. 
Unless the abdomen has to be reopened and traction 
applied at a visceral suture line, the maximum forces 
that an intestinal wound must withstand are only 
those of intraluminal pressure which, with the rare 
exceptions of postoperative duodenum and perhaps 
the diseased colon, rarely rises above 50 mmHg 
(6:67 kPa) and is much more usually in the range 
0-15 mmHg (0-2 kPa). It is conceivable that greater 
distractive forces might be produced by gut motility 
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Fig. 2. Median values of tissue reaction to sutures against 
time. 


at a tethered suture line (Wilkins et al., 1970), but 
these have never been measured. Thus, though in 
theory loss of tensile strength in an intestinal suture 
material at the rates shown by our experiments is 
undesirable, in practice this is unlikely to be a great 
hazard, provided that other factors such as tryptic 
digestion within the gut lumen are not involved. 

None of the sutures tested is ‘quiet’ in the gut. The 
absorbables and silk produce the sharpest reaction 
and the latter is the most persistent. The reaction to 
polyglycolic acid is of interest in that its pattern is 
no different, if slightly less florid, than that of catgut, 
suggesting that there is little to differentiate these two 
suture materials in this respect. Monofilament 
polyamide emerges as the ‘best’ synthetic non- 
absorbable in terms of irritation, but, like stainless 
steel which, though not included in this study, we 
would predict is even less reactive than the artificial 
fibres, is not the easiest of materials to handle. One 
of the most surgically sympathetic materials, braided 
polyamide, produces a sharp initial reaction little 
different from silk, but much more attenuated, and 
here it differs from coated polyester which somewhat 
surprisingly continued to excite a response of some 
severity to the end of our experiment. There is 
unfortunately no direct evidence to confirm or confute 
whether irritant materials influence the integrity of an 
anastomosis. Recent experience in the experimental 
animal (Robb, 1977) suggests that tensile strength at 
21 days bears little direct relationship to the properties 
of the material used. Overall strength after 3 weeks is 
probably not of importance to the integrity of a suture 
line. 
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We are conscious that our attempt to bring some 
rationality into the choice of suture material for 
intestinal anastomoses has resulted in the production 
of phrases more suitable to a wine guide than the 
sober pages of a scientific journal. Surgeons remain 
free to make their choice on a balance of factors: 
absorbability, tissue reaction, handleability and, above 
all, results in clinical practice. No suture material 
reaches an ideal level for the first three. Perhaps we 
are safe in placing chromic catgut low in all respects 
and it is certainly associated with weaker wounds over 
the first 28 days in the canine stomach (van Winkle 
et al., 1973). For those who pin faith in a two-layer 
anastomosis with an absorbable inner all-coats layer, 
polyglycolic acid seems a strong candidate, while for 
seromuscular union the operator must offset handle- 
ability against irritant potential. We conclude that 
other factors are more important in the integrity of an 
anastomosis than the choice of suture material, 
perhaps most important being the technique used 
(Matheson and Irving, 1975, 1976; Goligher et al., 
1977). However, we contend that it is difficult to 
isolate and analyse these factors until the role of suture 
material has been defined and the one which probably 
causes the least delay in wound healing identified. It is 
possible that the considered choice of suture material 
contributes to the outcome in critical anastomoses 
such as those of the colon and our results should not 
be interpreted as an indication for /aissez faire. 

Detailed data results and statistical analysis are 
available from H. A. F. D. 
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The use of bulk evacuant in patients with haemorrhoids 
D. J.T. WEBSTER, D. C. S. GOUGH AND J. L, CRAVEN* 


SUMMARY 

Fifty-three patients with symptomatic haemorrhoids 
have been studied in a double-blind cross-over trial of a 
bulk forming agent (ispaghula husk) against a placebo. 


Although only 11 per cent of patients complained of 


constipation, a significant benefit in symptoms and 
improved bowel habit was demonstrated. 


THE orthodox view that haemorrhoids are the result 
of varicose change in the anal submucosal veins has 
been challenged and alternative theories proposed 
(Hancock and Smith, 1975; Thompson, 1975). Which- 
ever view of the aetiology is held, most writers consider 
constipation to be an important contributory factor 
in the formation of haemorrhoids (Parks, 1969). 
Nevertheless, Hawley (1973) has pointed out that 
many patients with well-developed haemorrhoids are 
not constipated and Broader et al. (1974) found that 
only 10 per cent of their patients complained of 
constipation. Constipation is widely understood to 
mean infrequent or difficult evacuation of faeces but 
there is no consensus of opinion as to what constitutes 
normal bowel habit. In a normal population 97 per 
cent of people have a bowel frequency of between 3 
movements per day and 3 per week but both medical 
and lay opinion of normality in this physiological 
function is varied (Connell et al., 1965). In a previous 
trial (Broader et al., 1974) the use of a bulk forming 
agent failed to demonstrate any effect on the symptoms 
of haemorrhoids, but in that trial it was not possible 
to exclude a significant placebo effect. For these 
reasons a double-blind cross-over trial was carried out 
in patients with symptomatic haemorrhoids using 
ispaghula husk (Fybogel) as the bulk forming agent. 
Ispaghula husk absorbs about 40 times its own weight 
of water, increases stool weight and its use as a bulk 
evacuant has been advocated in the treatment of 
constipation. 


Patients and methods 

All patients with a diagnosis of haemorrhoids referred to 
the outpatient clinic of one surgeon were entered into the 
trial after an examination and taking of a full history. The 
examination included sigmoidoscopy and, when indicated, a 
barium enema. Details were recorded of the patients’ symptoms 
(bleeding, pruritis and prolapse), their severity (mild, moderate 
or severe) and length of history. Information regarding the 
consistency of the patients’ bowel motions (watery, loose, 
formed or constipated) and frequency of defaecation (more 
than once daily, daily, every 2-3 days, less than every 2-3 days) 
was also obtained. At proctoscopic examination the haemor- 
rhoids were assessed as first, second or third degree by the 
criteria of Goligher (1967). 

The patients were randomly allocated into two groups: 
group A received a 6-week course of ispaghula husk 5:5 g twice 
daily followed by a 6-week course of a placebo. In group B the 
order was reversed. The assessing surgeon did not know the 
composition of groups A and B. The placebo was based on 
Weetabix, suitably formulated to match the ispaghula husk. 
The sachets of ispaghula husk provided approximately 6-3 g 
additional dietary fibre while the placebo sachets contributed 
approximately | g of cereal dietary fibre. 

The patients were reassessed at 6 and 12 weeks and, in 
addition to details mentioned above, information relating to 


changes in symptoms, general bowel habit, ease of defaecation 
and palatability was obtained. Further proctoscopic assessment 
was made at each attendance. Each patient kept a daily record 
of his bowel action, the ease of defaecation and any additional 
laxatives taken. Statistical analysis was by y? test converted to 
probability values from standard tables. 


Results 

Sixty-seven patients were admitted to the trial; 31 were 
allocated to group A and 36 to group B. Seven patients 
in each group failed to complete the trial: 1 patient in 
group A was withdrawn because she developed 
colicky abdominal pain whilst on ispaghula husk, 
while 13 patients defaulted—6 at the end of the first 
6-week period and 7 at the end of the second 6-week 
period. At the time of defaulting, 9 were taking the 
placebo and 4 the husk. 

Fifty-three patients (33 males, 20 females) between 
the ages of 23 and 71 years thus completed the trial 
and are included in the analysis. Eighteen patients 
had first-degree, 17 second-degree and 18 third-degree 
haemorrhoids. Forty-three (81 per cent) of the patients 
had had their symptoms for more than 1 year. 


Table I: PRESENTING SYMPTOMS OF 53 PATIENTS 
WITH HAEMORRHOIDS BEFORE TREATMENT, 
AFTER 6 WEEKS OF PLACEBO ADMINISTRATION 
AND AFTER 6 WEEKS OF ISPAGHULA HUSK 


Before After 6 weeks After 6 weeks 
treatment on husk on placebo 
Pruritis 37 27 29 
Bleeding 46 21 28 
Prolapse 45 24 24 


Table II: COMPARISON OF EFFECTS OF HUSK 
AND PLACEBO ON SYMPTOMS, EASE OF 
DEFAECATION AND GENERAL BOWEL HABIT 





Ease of 
Symptoms defaecation Bowel habit 
H.* P.* H. P. F 
Improved 37 22 33 12 28 8 
Same 13 24 18 27 23 34 
Worse 3 7 2 13 2 j] 


* H., Husk; P., placebo. 

Significance of difference between husk and placebo: 
symptoms, P<0-025; ease of defaecation, P< 0-001; bowel 
habits, P «0-001. 


Table I summarizes the effect of treatment on the 
three symptoms of haemorrhoids: pruritis, bleeding 
and prolapse. Nine patients became symptom-free on 
husk and 4 of these remained symptom-free through- 
out the subsequent placebo period. One patient 
became symptom-free on the placebo but he had 
already shown a marked improvement on husk. Table 
II shows patient preference for husk over placebo 
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Table IH: COMPARISON OF EFFECTS OF HUSK 
AND PLACEBO ON CHANGE IN CONSISTENCY OF 
FAECES AND FREQUENCY OF DEFAECATION 


Consistency of Frequency of 





faeces defaecation 
H.* p.* H.* p 

Improved 15 5 15 7 
Unchanged or worse 38 48 38 46 


*H, Husk; P., placebo. 

Significance of difference between husk and placebo: 
consistency of faeces, P<0-01; frequency of defaecation, 
P<0-05. 


Table IV: PATIENT ASSESSMENT OF DAILY 
COMFORT AND LAXATIVE USE ACCORDING TO 
SEVERITY OF HAEMORRHOIDS 


Ist degree 2nd degree 3rd degree 
H.* B" H. P. H. P. 


437 268 367 293 246 235 
(71%) (455) (68%) (585) (48%) (46%) 
Average days 165 282 135 180 204 209 


Good days 


(27%) (47%) (25%) (36%) (40%) (41%) 
Bad days 10 44 39 34 63 71 
QUO UA) (Ms) (7%) (2%) (044 
y? = 13-94: 47 = 13-97; ye = O98; 
P «0-001 P «0:01 P= ns. 


Days laxatives 24 49 101 88 65 93 
used 

yc 879 | iss 

P «001 Pns. P< 


* H., Husk; P., placebo. 


when the effects of each were compared with pre- 
treatment symptoms, and this reaches statistical 
significance (P « 0-025). 

Changes in the consistency of the faeces, frequency 
of defaecation and general bowel habit aresummarized 
in Tables Hand HT, It is seen that there is a significant 
improvement in all these parameters when ispaghula 
husk is taken. 

Only 6 patients (11 per cent) complained of con- 
stipation on admission to the trial. However, in group 
A after the second period on placebo, 8 of 24 patients 
(33 per cent) complained of constipation. Ten 
patients (19 per cent) found the ispaghula husk, and 
7 (13 per cent) the placebo, rather unpalatable but 
were able to overcome this. 

Examination of the haemorrhoids at the follow-up 
attendances showed that 31 per cent of the second- 
and third-degree haemorrhoids could no longer be 
made to prolapse on straining after 6 weeks on husk. 
In 4 patients with first-degree haemorrhoids, none 
could be demonstrated after 6 weeks on husk and in 1 
patient in group A this was carried over into the 
placebo period. Comparison of recall at interview and 
information derived from the daily diaries showed 
85 per cent agreement in the severity of symptoms. 
Analysis of the diaries confirmed the benefit to 
symptoms found at 6-weekly review in patients with 
first- and second-degree haemorrhoids. These results 
are summarized in Table IV, which shows also that 
laxatives were more frequently used in the placebo 


group. Laxatives were also used significantly more 
often by patients with first-degree ( P « 0-01) and third- 
degree haemorrhoids (P « 0-05). 


Discussion 

We have found that only 11 per cent of patients in this 
study complained of constipation —a figure similar to 
that reported by Broader et al. (1974)—and this is 
higher than the 7 per cent incidence reported in a 
normal population (Connell et al., 1965). Since 28 per 
cent of our patients reported an improvement in stool 
consistency and frequency of defaecation while taking 
ispaghula husk, it is possible that the incidence of 
constipation is underestimated. 

The increased incidence of constipation at the end 
of the trial in those patients taking ispaghula husk 
first suggests that in patients with haemorrhoids there 
is constipation which is only recognized after an 
improvement in bowel frequency and stool consistency 
has been temporarily achieved with a high bulk 
additive. It was noted that laxatives were more 
frequently used by patients on the placebo; this may 
have masked the effects of the bulk evacuant. Even 
so, our 'crossover' trial allowed each patient to 
compare the high fibre additive with placebo and thus 
enabled a significant effect to be demonstrated. 

The findings of this study support the view that 
simple addition of fibre to the diet may be adequate 
to relieve the symptoms of patients with first- and 
second-degree haemorrhoids. In patients with third- 
degree haemorrhoids, where secondary structural 
changes have occurred, no improvement has been 
established. 
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Pile suture: a new technique for the treatment 


of haemorrhoids 
A. EL-MEGUID FARAG* 


SUMMARY 

A new technique for the treatment of haemorrhoids, 
termed pile suture, is described. It appears to have 
significant advantages over conventional haemor- 
rhoidectomy both in terms of incidence of complications 
and patient comfort. 


THE treatment of piles is as old as the age of man and 
many different treatments have been described, none 
of which is entirely satisfactory. This paper describes 
a new technique which appears to have advantages 
over conventional haemorrhoidectomy. 


Patients and methods 

Two hundred patients with third-degree piles were included in 
the study. There were 130 men and 70 women, the age at the 
time of operation ranging from 20 to 69 years. Symptoms were 
as follows: prolapse was present in all patients, bleeding in 
approximately 80 per cent, itching and pain each in approxi- 
mately 50 per cent, with constipation, soiling and discharge less 
common, in this order. 

Nine patients had an associated fistula-in-ano which was 
treated by excision, while 6 patients had associated anal 
fissures which were treated by internal sphincterotomy. 
Patients with prolapsed thrombosed piles were excluded. 

Patients were randomly allocated into two groups: patients 
in group | were treated by the new technique of ‘pile suture’, 
while patients in group 2 were operated upon by the con- 
ventional excision and ligation method. 


The new technique 

Spinal or general anaesthesia is used. With the patient in the 
lithotomy position, the anus is dilated by the passage of three 
fingers. The skin tags corresponding to the three haemorrhoids 
are held with tissue forceps and pulled apart. A curved haemo- 
stat is applied to the right posterior haemorrhoid, above the 
level of the pectinate line (Fig. 1). No. 0 chromic catgut 
mounted on a small, curved, round-bodied needle is passed 
through the mucous membrane beneath the tip of the haemo- 
stat in order to occlude the superior haemorrhoid vessels as 
they enter the internal haemorrhoid. The second suture is 
introduced into the distal end of the internal haemorrhoid 
above the pectinate line (Fig. 2), thus interrupting the con- 
nections between the external and internal haemorrhoidal 
plexuses. A third suture is applied between the previous two 
(Fig. 3), the haemostat is removed and the sutures tied. Any 
bleeding is stopped by simple pressure for a short while. The 
right anterior and left lateral haemorrhoids together with any 
accessory haemorrhoids are then ligated in the same manner 
and the skin tags corresponding to each haemorrhoid are 
excised. A small piece of white petroleum jelly gauze is passed 
through the anus as a dressing. 


Results 

Patients were closely observed every day for 10 days, 
every week for 2 months and every month thereafter 
for 1 year. 

Rectal examination and proctoscopy were performed 
as soon as they could be tolerated by the patient. In 
the first group (pile suture operation) it was possible 
to perform an anal examination and proctoscopy 
as early as the third postoperative day without 
great discomfort to the patient. In the second 
group (haemorrhoidectomy) anal examination was 


impossible before the seventh postoperative day, and 
even then was usually accompanied by pain and dis- 
comfort. The following stages were observed during 
the follow-up of the patients who had undergone the 
pile suture operation. 

Stage 1: 0-14 days, congestion and engorgement: The 
sutured piles became larger and deeper in colour, 
tense and with a smooth surface. However, rectal 
examination was painless and proctoscopy was easily 
tolerated. The engorgement reached maximum after 
7 days and then the piles started to shrink and become 
paler and softer. 

Stage 2: 2 weeks to 3 months, shrinkage: The catgut 
sutures were absorbed and broke away while the 
previously congested piles shrank gradually. Segmen- 
tation also disappeared. 

Stage 3: 3-6 months, fibrosis: The haemorrhoids were 
replaced by fibrous bands which slide easily on the 
underlying layers. Later on, these fibrous bands 
gradually disappeared (Fig. 4). 


Postoperative pain 

Table I shows the marked reduction in the severity of 
postoperative pain after the pile suture operation 
when compared with haemorrhoidectomy. 


Postoperative urinary retention 

Retention of urine did not occur in group 1 (pile 
suture) while it occurred in 10 patients after haemor- 
rhoidectomy. The majority of patients in group 1 
(82 per cent) passed urine on the first postoperative 
day, while the majority of the patients in group 2 
(70 per cent) had their first urination on the second 
postoperative day. 


Bowel action 

All patients were given 30 g of paraffin oil during the 
evening of the second postoperative day and the first 
bowel action usually followed on the third postopera- 
tive day. Table IH shows that 90 of the patients in 
group 1 had a painless motion, compared with only 5 
of the patients in group 2. 


Complications, length of stay and time off work 

Table IlI shows the postoperative complications in 
each group. Some of the patients who had had the 
pile suture operation complained of passing a few 
drops of blood during the second postoperative 
week. Table IV shows the marked reduction in the 
length of hospital stay and the length of time off work 
in group 1 as compared with group 2. 


Anal function 

Table V shows the incidence of postoperative imper- 
fections at 1 year. Some patients had more than one 
complication at the same time. The total number of 
patients who had one or more imperfections was 
3 per cent in group 1 and 22 per cent in group 2. 


* Alexandria Faculty of Medicine, Egypt. 
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Fig. 1. A curved haemostat is applied to the right posterior 
haemorrhoid, above the level of the pectinate line. The first 
suture is applied on the top of the haemostat. 
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Fig. 2. The second suture is introduced into the distal end 
of the internal haemorrhoid above the pectinate line. The 
third suture is applied in between. 


Long term results 

Recurrence of symptoms: Bleeding was the only 
recurrent symptom. This occurred in 5 per cent of 
cases who had had a haemorrhoidectomy but in none 
who had undergone pile suture. Further surgery was 
not needed and these patients were suitable for treat- 
ment by injection, 

Skin tags: At the end of 1 year, 43 per cent of the 
patients in group 2 and 25 per cent of the patients in 
group 1 had some evidence of skin tags. These tags 
were symptomatic in only 3 per cent of the patients in 
group I and in 9 per cent of the patients in group 2. 
Stenosis: Anal stricture was not observed in either 
group. Two patients in group 2, however, complained 


of difficulty in defaecation which necessitated the use 
of dilators. 
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Fig. 3. The final picture after removal of the haemostat and 


tightening of the sutures. 
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Fig. 4. The haemorrhoids are replaced by fibrous bands. 


Table I: INCIDENCE OF POSTOPERATIVE PAIN 


Pile 
suture 
CA) 
Almost none 5 
Relieved by one ampoule of 85 
paracetamol 
Relieved by one ampoule of 10 
morphine 
Relieved by two ampoules of Q 
morphine 
Relieved by two ampoules of 0 
morphine and other 
sedatives 


Haemorrhoidectomy 
CA) 


mmm m ti ttt eme t rH t me EPI A ita i mtt 


| ampoule — 10 mg. 


Table H: FIRST POSTOPERATIVE BOWEL ACTION 


Pile 
suture 
(5) 
Painless motion 90 
Painful motion not associated 10 
with blood 
Painful motion associated 0 


with blood 


Haemorrhoidectomy 
C) 


5 
50 


45 
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"Table Ii: INCIDENCE OF POSTOPERATIVE 
COMPLICATIONS 
uU Pile suture  Haemorrhoidectomy 


(%) CA) 
Reactionary haemorrhage 0 3 
Secondary haemorrhage Q 2 
Abscess 0 1 
0 I 


‘Fissure 


Table IV: LENGTH OF HOSPITAL STAY AND TIME 
OFF WORK 


Pile suture Haemorrhoidectomy 
Length of hospital Average 3-5 d 5-t0d 
stay Mean 36d 72d 
Length of time of Average 1-2 wk 4-6 wk 
| work Mean lod 5 wk 


Table V: INCIDENCE OF POSTOPERATIVE 
IMPERFECTIONS 


Pile 
suture Haemorrhoidectomy 
. (%) (%) 
-Occasional leakage of flatus 2 12 
Occasional inadverent passage 0 7 


. ofstools, especially when 
.. associated with diarrhoea 
~ Regular soiling 2 20 
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Discussion 

The pile suture operation is a technique which has been 
practised by the author since 1967 on about 1200 
patients with successful results. The advantages of the 
technique are that it is easy and can thus safely be 
performed by junior surgeons in training. Continuous 
catgut suturing is avoided, so as to prevent ischaemic 
sloughing of the mucous membrane. The areas 
between the three interrupted sutures allow a blood 
supply to maintain the viability of the tissues. There is 
no stripping or excision of the mucous membrane and 
the sphincters are not exposed. Thus, the results of the 
operation when compared with ligation and excision 
are excellent; postoperative pain is less, the length of 
hospital stay and the length of time off work are 
markedly reduced; postoperative defects of anal 
function are much reduced because the normal 
anatomy of the anal canal is not disturbed. The pile 
suture operation. may have particular importance 
where there is an associated anal fistula or where there 
are large accessory piles. In such instances the patients | 
are liable to develop anal stenosis when operated upon . 
by the ligation and excision method because of the — 
large amount of mucous membrane excised. This 
complication does not occur after the pile suture 
operation since no mucous membrane is removed. 
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Book reviews 


Endoscopic Retrograde Pancreaticocholangiography (ERPC) 
H. Anacker, H. D. Weiss and B. Kramann. 245 x 165 mm. 
Pp. 123-- vili, with 93 figures and 7 tables. 1977. Berlin: Springer- 
Verlag. DM. 67; US $29.50. 


Tuis short account of the technique and diagnostic prospects 
offered by endoscopic retrograde choledochopancreatography 
is nicely presented and well illustrated, but somewhat dis- 
appointing in content. In many places the description of 
technique is poor and there are references to conditions (e g. 
cirrhosis of the gallbladder) which are difficult to relate to the 
usual pathology described in British practice. 

There is a disappointing lack of clarity about some areas of 
controversy and, in particular, of clear definition of the often 
described condition of primary benign papillary stenosis. There 
are a number of surprising statements with which many 
experienced endoscopists would take issue; in particular the 
application of endoscopy and ERCP to the definition of post- 
cholecystectomy symptoms is difficult to relate to the known 
facts recently described by several authors. Furthermore, 
although the quality of reproduction of the X-rays is extremely 
good, the interpretation of some of the films is perhaps open to 
question and certainly one example of a case of primary 
sclerosing cholangitis is difficult to accept as illustrative of this 
condition. 

Despite a brief statement relating the procedure of ERCP 
to other methods of investigation of the biliary tree and 
pancreas, the analysis is superficial and leaves the reader with 
no clear idea either of the approach of the authors or of the 
relative importance of some of the newer diagnostic approaches 
in relation to endoscopic methods. In particular, I found a 
surprising lack of appreciation of the importance of ultrasound 
investigation, especially in cystic disease of the pancreas where 
endoscopic methods are hazardous and often imprecise. 

Perhaps the most important criticism of this work is the fact 
that there is no reasoned discussion, or in fact no mention, of 
the newer techniques related to ERCP itself, namely endo- 
scopic papillotomy, or of the collection of pure pancreatic 
juice. The reference to cytological methods used in conjunc- 
tion with endoscopy is very brief and incomplete. 

In short, this is not a book for the expert nor unfortunately 
is it a good introduction for the beginner. 

L. M. BLUMGART 


Memoirs of a Surgeon 
Hedley Atkins. 135 x 215 mm. Pp. 2654 xiv, with 5 illustrations. 
1977. London: Springwood Books. £3-95. 


THE handsome face that greets the reader from the dustcover 
of this autobiography conveys the entire mood of this friendly 
book. High among the rewards of advancement and the 
ascent of life's ladder are the widening horizon of travel and 
the making of many firm friendships. These feature warmly 
and strikingly in Sir Hedley’s declaration, and must have 
given him much pleasure whilst writing it. To browse through 
the index and to find there the names of mutual friends that 
the author gladly shares with one, with so many intriguing and 
often controversial subject entries, is a quite separate delight. 
Good examples of the subjects touched on are the mode of 
election at Lincoln's Inn Fields, behind closed doors in the 
council chamber, of a new President of the Royal College of 
Surgeons; the ways and means for the allocation of Distinction 
Awards; or, to take the other extreme, the story of the author's 
first Harley Street consultation in a little attic room, negotiated 
by his good friend the Lodge Porter at Guy's Hospital. The 
theme of the book, however, is the surgeon's way through life, 
with innumerable personal illustrations and good stories that 
make this a good read for thoughtful enjoyment at any stage 
in one's career, 

H. H. G. EASTCOTT 


Recent Advances in Cardiology 
Edited John Hamer. 230x 155 mm. Pp. 511. Churchill Living- 
stone. £17-00. 


Tuis book gives the wide coverage, both in the spheres of 
cardiology and cardiac surgery, which was a feature of its 
predecessors. It has, however, obviously suffered from the 
problems of slow production, which have made the surgical 
sections descriptive of a great deal of matter that is not very 
recent. There are very few references to work published later 
than mid-1975. This is of particular importance when one 
considers the recent surgical advances, as it thus excludes the 
current thinking on tricuspid valve disease and particularly all 
mention of the work of de Vega and his colleagues on tricuspid 
annuloplasty. 

Similarly, the surgical author would agree, | am sure, that 
the section on the surgical treatment of supraventricular 
tachycardias and ventricular tachycardias needs updating. 

A surprising omission is a section on myocardial protection 
during surgery, with special reference to the use of cooling and 
cardioplegic agents. 

For the cardiac surgeon, there are certain chapters which are 
potentially of help, notably that on the electrocardiographic 
features of cardiac arrhythmias by Krikler and Curry. The 
general surgeon will have little use for this book. 

Referencing is generally satisfactory, except as already 
mentioned above. The production, printing and paper quality 
are of the usual high standard that we have come to expect 
from this publisher. 

H. BENTALL 


Immunobiology for the Clinician 

Hugh R. K. Barber. 250 x 170 mm. Pp. 310. Illustrated. 1977. 
Chichester: Wiley. £14:65; $24.75. 

Ir is an indication of the burgeoning interest of clinicians in 
immunology that Dr Barber, a clinical professor of obstetrics 
and gynaecology, should feel compelled not only to read about 
the subject but to write a book on it. Since there are many 
excellent textbooks on immunology and its clinical applications, 
the reviewer has to ask himself what is special about this one. 
The answer is that it is eclectic, omitting many aspects of basic 
immunology but including others that are contemporary, 
controversial and possibly ephemeral. Indeed, several of the 
topics discussed (for example, the structure of a normal cell, 
cancer cell kinetics and viruses suspected of causing human 
cancer) would not normally be considered to be aspects of 
immunobiology. 

The book is, indeed, an extraordinary mixture. On the one 
hand, there is an elementary account of agglutination, precipita- 
ton and other immunological reactions, implying that the 
book is intended as an introduction to the subject for medical 
students. Even this section contains some remarkable state- 
ments: for example, we read on p. 261: ‘The IgG has two 
combining sites while the IgM has five. It is obvious that half 
the amount of IgM can produce an agglutination reaction as 
can a specified amount of IgG.’ 

On the other hand, adoptive immunization with immune 
RNA and transfer factor is described as ‘usually predictable 
and effective’, a statement, which is, to say the least, contro- 
versial. The final chapter on the future of immunology contains 
conclusions that would arouse resentment in most immunolo- 
gists. 

Because of this lack of balance, the book cannot be recom- 
mended as an introduction for students. However, clinicians 
with leisure to read this book will find useful accounts of some 
problems, such as the complications of BCG immunotherapy, 
and other statements that will stimulate them to think for 
themselves. 

A. C. ALLISON 
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SURGERY OF THE 
STOMACH AND 
DUODENUM 


THIRD EDITION 


Edited by Lloyd M. Nyhus, M.D., F.A.C.S., The 
Abraham Lincoln School of Medicine, University of 
Illinois College of Medicine, Chicago. 


Christopher Wastell, M.S., F.R.C.S., Westminster 
Medical School, London University, London. 


Foreword by Sir Andrew Watt Kay, M.D., Ch.M., D.Sc., F.R.C.S 


“The best book in the field" — Gastroenterology, 
in a review of the second edition. 


In response to dramatic advances in gastro- 
enterology and resulting changes in gastro- 
intestinal surgical procedure, this third edition of 
Surgery of the Stomach and Duodenum represents 
an exciting departure from previous editions. 

Dr. Nyhus and Mr. Wastell have assembled the 
contributions of 62 international authorities from 
a variety of related disciplines into one volume 
containing a vast amount of information on the 
surgical, medical, and basic science aspects of 
gastrointestinal surgery. 


This landmark edition is the authoritative refer- 
ence for practitioners in one of the most contro- 
versial areas of surgery and medicine. Each 
chapter is written by a world-renowned 

authority and many more are followed by 
"special comment” sections written by other 
international experts to highlight particular areas 
of controversy. 


This format, which fully integrates the most 
recent findings in gastroenterology, imparts a 
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complete understanding of the physiology and 
pathophysiology of the upper gastrointestinal 
tract. 


By reviewing the clinical application of these 
findings, the authors present the most accurate 
and complete summary to date of what is desir- 
able in surgical treatment. Chapters on such new 
and controversial areas as proximal gastric 
vagotomy and the APUD system are included. 
The introduction of Mr. Wastell as an editor 
emphasizes the internationality of this edition, 
and the roster of authors—which includes 
familiar names in the field, non-surgeons as well 
as surgeons—reflects the diverse viewpoints 
necessary to an understanding of the varied 
aspects of gastroenterology as they relate to 
surgery of the upper gastrointestinal tract. This 
third edition is an essential resource for 
surgeons and an invaluable reference for 
gastroenterologists. 


790 pages Illustrated 0.316.61741.5 $49.95 


LITTLE, BROWN AND COMPANY 
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What happened to progress here? 


1. Beck, W. C. The Surgical Team, May 1974 *Trademark 
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Causes of failure in the surgical treatment of primary 
hyperparathyroidism: lessons from 51 successful 


reoperations 


THEO J. VAN VROONHOVEN AND THE LATE HERRY MULLER* 


SUMMARY 

A review of 51 successful reoperations for persisting 
hypercalcaemia due to primary hyperparathyroidism 
shows that inadequate anatomical knowledge, inadequate 
surgical technique and unusual localizations of the 


parathyroids are the most frequent causes of failure of 


the primary operation. The majority of these failures 
are therefore preventable. There is a frequent need for 
cervical thymectomy in parathyroid surgery. S ternotomy 
is only very rarely necessary. 


WHAT percentage of operations for primary hyper- 
parathyroidism fails because the enlarged parathyroid 
gland or glands responsible for the hypercalcaemia 
are not found is not known exactly, but there is no 
doubt that the chance of failure decreases as the 
surgeon's experience with the operation increases. 
Although the diagnosis of primary hyperpara- 
thyroidism is made with increasing frequency, partly 
owing to the inclusion of the determination of the 
blood calcium level in the screening for many diseases 
(Attie and Khafif, 1976), this disease remains relatively 
rare. The chance of accumulating experience with the 
surgical treatment of primary hyperparathyroidism is 
therefore rather small for most surgeons. In order to 
determine the most common causes of failure at the 
first operation and how these failures could be 
avoided we reviewed our patients who have had 
successful reoperations. 


Patients and methods 

Between 1952 and 1976 we operated on a total of 554 patients 
with the diagnosis of primary hyperparathyroidism. In 51 of 
these 554 patients (9:2 per cent) the operation was performed 
because hypercalcaemia was still present despite one or more 
previous neck explorations. Thus, these were cases of persisting 
hypercalcaemia not of recurrent hyperparathyroidism ( Muller, 
1975). The present analysis concerns this group of 51 patients, 
comprising 29 women and 22 men with a mean age of 45:5 years 
(range 19-73 years). Of these 51 patients, 46 had already been 
operated on once and the other 5 twice before. The first neck 
exploration was performed in another hospital in 42 patients 
and by ourselves in 9 patients. The mean interval between the 
first operation and the operation by which persisting normo- 
calcaemia was achieved was 27 months (range 1-144 months). 
In 43 of the 51 patients no enlarged parathyroids had been 
found during the preceding operation and in 8 patients one or 


23 


more had been excised but hypercalcaemia still persisted. post- 
operatively. In only 1 case was the hyperparathyroidism 
associated with multiple endocrinological adenomatosis. 

All patients were symptomatic, i.e. the hypercalcaemia had 
led to the development of kidney stones, renal dysfunction, 
gastrointestinal symptoms or psychic changes, either alone or 
in combination, to such a degree that reoperation was con- 
sidered necessary. We usually base the diagnosis of primary 
hyperparathyroidism—after exclusion of other causes of 
hypercalcaemia such as sarcoidosis, metastatic carcinoma and 
the milk-alkali syndrome—on the following criteria: repeated 
finding of an elevated serum calcium level and a depressed 
serum phosphate level, disturbed renal reabsorption of phos- 
phate and the absence of a decrease in the hypercalcaemia 
during 10 days' administration of 30 mg prednisone daily. 
The finding of signs of increased bone turnover in bone biopsies 
provides further support for a diagnosis of primary hyper- 
parathyroidism. 

In the last 8 patients of this series selective angiography was 
performed with venous sampling and determination of parat- 
hormone levels (Bilezikian et al., 1973). The results of these 
investigations will be reported separately. 

For all 51 patients the case history was analysed, particularly 
the surgical and histological reports of both the first and the 
definitive operation. Special attention was given to the technique 
used for the first operation and the systematic approach to the 
exploration, whether frozen sections had been made and 
examined and the localization of both normal and enlarged 
parathyroids at reoperation. 


Terminology 

We speak of a normal localization of the upper parathyroid 
glands when these organs are situated on the posterior surface 
of the lobe of the thyroid gland and—when the latter is folded 
down medially—dorsal to both the inferior thyroid artery and 
the recurrent laryngeal nerve. With respect to the lower para- 
thyroids, we use the term normal localization when these 
glands are situated beside the lower pole of the thyroid gland 
and ventral to both the inferior thyroid artery and the recurrent 
laryngeal nerve. 

Subnormal localization describes a situation in which the 
upper parathyroid has descended into the tracheo-oesophageal 
groove but is still located in the neck, or in which the lower 
parathyroid lies in the residual thymus but is still in the neck (at 
operation under hyperextension of the cervical vertebral 
column). All other localizations of the parathyroids are 
abnormal. 
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Table I: LOCALIZATION OF ENLARGED 
PARATHYROIDS IN PRESENT SERIES 


Normal 

distribu- 
Localiza- No. of No. of tion 
Group tion patients parathyroids — 75 (4) 
A Normal 25 33 53 86 
B Subnormal 10 13 21 8 
C Abnormal 16 16 26 6 
Total $1 62 100 100 





As found in 520 patients with primary hyperparathyroidism. 


Table II: CAUSE OF FAILURE OF FIRST 
OPERATION 


No. of No. of 
patients — parathyroids 
Group A 
Insufficient anatomical knowledge 17 23 
Inadequate planning of operation 6 8 
Unknown 2 2 
Group B 
Insufficient anatomical knowledge 5 7 
Inadequate planning of operation 5 6 
Group C 
Abnormal position 16 16 
Table IH: ABNORMAL LOCALIZATION IN THE 
PRESENT SERIES 
Localization No. 
Within the thyroid gland 
In sheath of carotid artery 2 
In the mediastinum 9 
Anterior mediastinum 4 
Posterior mediastinum 5 
Total 16 





Results 

Permanent normocalcaemia was achieved in 50 of the 
51 patients. One patient developed persisting hypo- 
calcaemia postoperatively, for which calcium sub- 
stitution was required. To achieve these results, at 
reoperation one enlarged parathyroid had been 
removed in 41 patients (80 per cent), 2 in 9 patients 
(18 per cent) and 3 in 1 patient (2 per cent). Thus, a 
total of 62 enlarged parathyroid glands was removed 
in 51 patients. The mean weight of the excised glands 
was 2200 mg (range 150-8000). 

With respect to the localization of the 62 enlarged 
parathyroids found at re-exploration, the series can 
be divided into three groups (Table I). In 25 patients 
with 33 excised parathyroids the localization was 
normal (group A), in 10 patients with 13 excised 
glands it was subnormal (group B) and in 16 patients 
with 16 excised glands it was abnormal (group C). 

The reasons for the failure of the first operation are 
shown in Table II. In 17 patients belonging to group 
A inadequate anatomical knowledge can be held 
responsible for the failure to find 23 enlarged para- 
thyroid glands. In 10 instances the upper glands had 
been sought too low, as indicated by the findings at 
reoperation, which showed that the region where 
these glands are usually found was completely un- 
disturbed and without scar tissue. In another 10 
instances the first exploration had been performed 
too anteriorly and the posterior side of the thyroid 
gland had not been adequately visualized, as judged 


partially from the absence of scar tissue on the 
posterior side of the thyroid gland and partially from 
the fact that the middle thyroid vein was found to be 
intact at re-exploration. If this vein is not severed, it is 
impossible to turn the thyroid gland downwards in 
the necessary way. In 3 cases the lower parathyroid 
lay in the normal position at the lower pole of the 
thyroid in a previously unexplored area. 

In 6 patients belonging to group A the failure of the 
first operation was ascribable to poor planning. In 3 
cases the operation had been terminated after the 
finding of one enlarged parathyroid, but, as was later 
discovered, one or more enlarged parathyroids were 
still present in a normal position. In 3 other cases a 
tumour had been excised without obtaining confirma- 
tion from a frozen section that parathyroid tissue was 
actually concerned and the operation had then been 
terminated, also because preoperative sampling and 
parathormone determination had suggested that this 
was the localization of the hyperfunctioning para- 
thyroid. At re-exploration, however, the enlarged 
parathyroid was found at a different site. Lastly, for 2 
patients in group A the information in the records was 
not sufficient to conclude with any certainty why, 
despite a normal localization, the enlarged parathyroid 
glands had not been found at the first operation. 

Group B (subnormal localization) comprised 10 
patients with a total of 13 enlarged parathyroid glands. 
In 5 of these cases the failure of the first operation 
could be attributed to inadequate anatomical know- 
ledge: a total of 7 enlarged upper parathyroids which 
had descended into the tracheo-oesophageal groove 
had not been found. In the other 5 cases in this group 
there had been inadequate planning of the operation: 
in 6 instances an enlarged lower parathyroid situated 
completely within the thymus had not been found 
because a cervical thymectomy had not been 
performed. 

In all of the 16 patients in group C (abnormal 
localization) the abnormal localization itself proved 
to have been the cause of the failure of the first 
operation. Each of these patients had a single enlarged 
parathyroid (Table III). In 5 of these cases the 
enlarged parathyroid was situated completely within 
the thyroid gland and could be removed via an 
incision in the thyroid gland tissue (thyroidotomy). 
All of these were lower parathyroids. In 2 cases an 
enlarged parathyroid was finally found in the sheath 
of the carotid artery, and in one of these patients this 
gland was the fifth to be found. Of the 9 parathyroids 
localized in the mediastinum, 4 were lower glands 
(mediastinum anterior) and 5 were descended upper 
glands (mediastinum posterior). In only 1 of these 9 
patients with enlarged parathyroids situated within 
the mediastinum was it necessary to perform a 
median sternotomy; in the other 8 cases the enlarged. 
gland could be removed via the incision in the neck. 
In one of this group of patients the enlarged gland 
was again the fifth to be found. 

In 7 of the 51 patients a sternotomy had been per- 
formed at the first operation. Thus, among these 51 
patients it was only necessary on one occasion to per- 
form a sternotomy to achieve normocalcaemia. In the 
series reoperation was accompanied by the follow- 
ing complications. One patient developed severe 
bleeding from the carotid artery during operation, 
requiring vascular reconstruction with alloplastic 
material but without deleterious consequences. 
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Persisting hypocalcaemia developed in 1 patient. 
Lesions of the recurrent laryngeal nerve were seen in 
3 patients, in 1 case transient and in the other 2 
permanent. There was no mortality as a result of the 
reoperations. 


Discussion 

Re-exploration of the neck in connection with primary 
hyperparathyroidism must be avoided whenever 
possible, not only because the chance that a second 
operation will be successful is smaller, but also 
because of the increased risk of complications 
associated with reoperation. Beazley et al. (1975) 
reported that in a series of 35 patients who underwent 
re-exploration for primary hyperparathyroidism, 2 
had died owing to the damage to the large blood 
vessels in the neck, 2 had suffered permanent damage 
to the recurrent laryngeal nerve and 8 had become 
permanently hypocalcaemic. In our series there was 
no mortality, but the morbidity, although much 
lower, cannot be called negligible. 

The causes of failure of the primary operations can 
be divided into three groups: the first of these 
comprises failure due to insufficient knowledge of the 
local anatomy, the second, failure due to inadequate 
planning of the operation and the third, failure 
attributable to an abnormal or unusual localization 
of the enlarged parathyroid glands. Although the size 
of this third group (26 per cent of the present series) 
is of a different order than the percentage of abnormal 
localizations usually found in the surgical treatment of 
primary hyperparathyroidism (6 per cent), it only 
explains the failure of the primary operation in some 
of the cases, as the results of this series of 51 reopera- 
tions show. In the majority of the cases (54 per cent) 
the cause of failure was inadequate knowledge of the 
local anatomy or the absence of systematic planning 
of the operation, and therefore in the majority of cases 
re-exploration could have been avoided. Thirty-two 
of the 62 enlarged parathyroids (52 per cent) were 
overlooked because of inadequate anatomical know- 
ledge. It is noteworthy that in these cases the upper 
parathyroids had often been sought too low and too 
anterolaterally, which implies that the area in which 
they normally lie, i.e. the posterior side of the thyroid 
gland dorsal to the recurrent laryngeal nerve and the 
inferior thyroid artery, had been insufficiently 
explored. To a considerable extent this shortcoming 
can be prevented by adequate mobilization of the 
thyroid gland and identification of the artery and the 
nerve that offer important points of reference for the 
localization of both the upper and the lower para- 
thyroids. 

Although there are several good descriptions in the 
literature of the surgical technique for exploration of 
the neck in cases of primary hyperparathyroidism 
(Cady, 1973; Edis et al., 1975), it will be useful here 
'to discuss once again a number of details which we 
consider essential. One important factor is the position- 
ing of the patient on the operating table; there must be 
sufficient. hyperextension of the neck. Special care 
must be taken that the skin incision is not made too 
high or too small; an incision made 2 cm above the 
manubrium sterni and reaching the external jugular 
vein on both sides gives an excellent field. After 
sufficient dissection of the skin-flap and platysma 
both caudally and cephalically, the strap muscles and 
the omohyoid muscle are always cut. If present, the 


middle thyroid vein is then ligated and cut, and a tissue 
clamp placed on the lateral side of the thyroid gland. 
With this clamp used as a lever, the lobe is turned 
downwards medially as far as possible and fixed in 
this position. This manipulation is essential for good 
exposure of the posterior side of the thyroid gland. 
Next, the carotid artery and the internal jugular vein 
are dissected, which delimits the lateral part of the 
surgical field. The inferior thyroid artery is then found 
and the recurrent laryngeal nerve is identified and 
exposed such that the relationship with respect to the 
inferior thyroid artery is unmistakable. Now the 
systematic search for the parathyroid glands, both 
normal and enlarged, can begin. 

The authors start at the upper right and then 
proceed from the lower right to the upper left and 
then to the lower left. In principle, all parathyroid 
glands are localized, biopsied and frozen sections 
examined to make certain that the tissue is indeed 
parathyroid. Only then are the macroscopically 
enlarged glands removed, unless all four are enlarged. 
In that case, about 40-60 mg of vital parathyroid 
gland tissue are left in situ. An appreciable proportion 
of the lower parathyroids lies in the part of the 
thymus present in the neck—reports in the literature 
range from 5 to 20 per cent (Kurtay and Crile, 1969; 
Bruining, 1971; Beazley et al., 1975); in our series this 
percentage is about 8. Consequently, in all cases in 
which the lower parathyroids are not found on the 
lower pole of the thyroid gland, we perform a cervical 
thymectomy, which is also advised by Block (1976). 
Recently, Freeman et al. (1976) gave an excellent 
description of the surgical technique for cervical 
thymectomy. In our opinion, anyone who practises 
parathyroid surgery must not only be aware of the 
frequent occurrence of the lower parathyroids in this 
part of the thymus but must also have perfected the 
technique of cervical thymectomy. 

In addition, it is important to keep in mind that an 
enlarged upper parathyroid often sinks down into the 
tracheo-oesophageal groove and can even reach the 
posterior mediastinum. If one is aware of this 
anatomical variant, the localization and removal of 
the enlarged parathyroid in this position are usually 
not difficult and failure of the operation can be 
avoided. In the present series, 10 of the 62 overlooked 
enlarged parathyroids had this localization. 

In addition to a thorough knowledge of the local 
anatomy, systematic performance of the operation is 
an important factor in the prevention of unnecessary 
failure. Fourteen of the 62 enlarged parathyroids in 
our series (22 per cent) had been missed because the 
operation had not been properly planned. It is 
extremely important to find a// parathyroids and to 
verify each gland by means of biopsy and the examina- 
tion of frozen sections, because in this way thyroid 
gland tissue, fat and lymph nodes cannot be confused 
with parathyroid tissue and the operation will not be 
prematurely terminated in cases with more than one 
enlarged parathyroid. 

The importance of a systematic surgical technique 
is underlined once again by the finding that in all 9 
patients in whom we ourselves performed the first 
operation and who required reoperation because of 
persisting hypercalcaemia, an abnormal localization 
was involved, and in 2 patients a fifth enlarged para- 
thyroid was found after four normal glands had been 
localized at the first operation. 
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The patients with abnormally located enlarged 
parathyroids (Table III) require separate discussion. 
In our experience, in those cases with an enlarged 
parathyroid lying in the thyroid gland, it is invariably 
one of the lower parathyroids which is involved. This 
is in conflict with the opinion of most authors, who 
hold that it is usually an upper parathyroid (Spiegel 
et al, 1975; Wang, 1976). Nevertheless, when the 
lowermost parathyroid is not found in the normal 
place and is not found at cervical thymectomy either, 
it is advisable to make an incision in the lower lobe of 
the thyroid gland. This makes it easy to find an 
enlarged parathyroid if present, after which the 
capsule of the thyroid gland is closed. Under such 
conditions it is, in our opinion, unnecessary and even 
unwise to perform a partial thyroidectomy. We base 
this opinion on the fact that even a partial thyroid- 
ectomy severely disturbs the local anatomical relation- 
ships, which increases the chance of complications 
during a possible reoperation, and, secondly, on the 
fact that normal parathyroid gland tissue is often 
removed, albeit involuntarily, which increases the 
chance of permanent hypocalcaemia, particularly if 
reoperation with extensive dissection proves necessary. 

In our experience, localization of an enlarged 
parathyroid in the sheath of the carotid artery is very 
rare. This was the case in only 3 of the total of 554 
patients in our series, which makes it understandable 
that this localization can be missed by surgeons who 
are not highly experienced. 

In the present series it was possible to remove an 
enlarged parathyroid situated in the mediastinum via 
the neck incision in all but one case. This single case 
was the only one in which it was necessary to perform 
a sternotomy. This confirms the conclusion reached 
by us and others (Feind, 1964; Beazley et al., 1975) 
that it is rarely necessary to perform a sternotomy to 
achieve normocalcaemia. At the same time, this 
finding constitutes further evidence that precedence 
should be given to a systematic exploration of the 
neck region and from there of the anterior and 
posterior mediastinum in the surgical treatment of 
primary hyperparathyroidism. Only after a thorough 
exploration of the neck has proved beyond doubt 
that no enlarged parathyroids are present there, is a 
sternotomy indicated. 

In the great majority (80 per cent) of the patients in 
this series of 51 re-explorations, only one enlarged 
parathyroid was removed at reoperation, and this led 
to normocalcaemia. On this basis, in order to avoid 
complications such as damage to the recurrent 
laryngeal nerve and permanent hypocalcaemia, we 


would recommend terminating very difficult re- 
explorations when one enlarged parathyroid has been 
found, in contrast to primary operations, at which all 
parathyroid glands must be localized and identified. 


Conclusions 

On the basis of the findings in 51 patients who had 
undergone a succesful re-exploration for primary 
hyperparathyroidism, the following conclusions can be 
drawn. The failure of the primary operation is 
unnecessary in the majority of the cases. To avoid 
failure, an adequate surgical technique, familiarity 
with the local anatomy and a systematic approach are 
essential. Furthermore, the surgeon who performs 
parathyroid operations must be able to perform a 
cervical thymectomy. 

When the lower parathyroid is not found at the 
normal place and is not located at cervical thymectomy 
incision. of the lower lobe of the thyroid gland is 
indicated and is preferable to a partial thyroidectomy. 

In the surgical treatment of primary hyperpara- 
thyroidism it is seldom necessary to perform a 
sternotomy. 
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SUMMARY 
The clinical conditions, operative and postoperative 
." management of 64 patients submitted to thymectomy 
from 1965 to 1976 have been reviewed retrospectively. 
The results of 11 thymectomies done before 1965 have 
been previously reported (Fraser, 1966). We consider 
that the duration of illness is a more important criterion 
than the age or sex of the patient or the distribution of 
weakness, and we recognize three stages (S impson, 
1974). Stage I, the active stage, is characterized by 
remissions and best response to thymectomy; it 
normally lasts for 5—7 years and is followed by stage 2, 
the inactive stage. In stage 2 there is less risk of death 
but few spontaneous remissions and less response to 
thymectomy. In stage 3, the burned-out stage, there may 
be steady improvement but thymectomy is without 
benefit and responsiveness to anticholinergic drugs 
becomes less. 

It has been our policy to perform thymectomy as 
early as possible in stage 1. In addition, stage 2 patients 
have been advised operation if the response to anti- 
cholinesterase medication has been unsatisfactory. 
Although major improvement is not anticipated until 
2-3 years after operation, we have felt justified in 
offering thymectomy because we have had no death as 
a direct result of the actual operative procedure. One 
patient died suddenly and unexpectedly on the tenth 
day postoperatively (1-7 per cent). At follow-up there 
were 6 late deaths. Of the 52 patients available for 
review, 92-3 per cent had no symptoms or only mild 
disability. 





THE role of the thymus in myasthenia gravis was first 
recognized by Weigert in 1901. In 1960 Simpson 
showed the immune nature of the disease. In 1912 
Sauerbrach removed the first thymus in a patient who 
had hyperthyroidism associated with myasthenia 
gravis. The patient obtained marked improvement in 
the myasthenia gravis. The operation was done by the 
transcervical route(Schumacher, 1913). Apart from one 
thymectomy by Haberer in 1917, nothing further was 
heard of the operation until 1936, when Blalock 
successfully removed a thymic tumour in a patient 
with myasthenia gravis. Five years later he took the 
logical step and commenced removing the thymus 
even in the absence of tumour in an attempt to 
alleviate symptoms of the disease (Blalock et al., 1939: 
Blalock, 1944). In 1942 Keynes commenced thymec- 
tomy for myasthenia gravis in Britain, and published 
his first of several classic articles on this treatment in 
1946. Great tribute is due to Keynes and other 
surgeons, especially Blalock, for their surgical skill 
and courage. Even in 1942 transthoracic operations 
were still very much in their infancy while operations 
within the mediastinum were excursions into territory 
as yet unexplored and unknown. 


Patients and methods 
Fifty of the patients were female and 14 were male. Age 
incidence was as set out in Table I. As one would expect, the 


majority were between the ages of 20 and 40, 37 patients being 
in this age group. The ages ranged from 2 to 66 years. 

Eight patients had a clinical history of less than 6 months, 
36 patients a history of 6 months to 2 years, 11 patients from 
2 to 5 years and 9 patients had had symptoms for more than 
5 years. 

One patient had ocular signs only, 12 patients had a mild 
generalized weakness including ocular signs and 51 had a 
moderately severe degree of weakness and difficulty with 
deglutition and speech. Four cases were in stage 2 and 2 in 
stage 3; all others were in stage I. The stage 3 patients were 
operated on as a last resort. One of them had rheumatoid 
arthritis, goitre, polycythaemia and was positive for ANF. 
The other had systemic lupus erythematosus. 


Table I: AGE DISTRIBUTION OF THE PATIENTS 


Age group 
1-10 11-20 21-30 31-40 41-$0 51-60 60+ 
No. of 1 10 24 13 9 4 3 


patients 





Preoperative preparation 

No patient in this series required artificial ventilation before 
operation. All patients had respiratory function tests. These 
tests were unhelpful as a guide to the postoperative manage- 
ment of the disease. Physiotherapy was carried out for 1 week 
before operation. Following Keynes’ insistence, under no 
circumstances were enemas given for fear of the possible 
consequent sudden death that an enema may cause (Keynes, 
1946). 


Anaesthesia and operation 

Anticholinesterase drug therapy was continued until the last 
dose due before operation, which was omitted (normally 3-4 h 
before operation). 

Premedication was light-—originally methaqualone and now 
nitrazepam given 2 h before surgery. The patient was confined 
to bed during that time. 

Anaesthesia was induced originally with thiopentone, later 
replaced by propanidid which in turn has been succeeded bv 
Aithesin. Intravenous induction was followed by nitrous oxide, 
oxygen and halothane under which orotracheal intubation was 
performed and intermittent positive respiration maintained 
using 1 per cent halothane (Crawford, 1971). A nasogastric tube 
was passed before transfer from the anaesthetic room to the 
operating theatre. Electrocardiogram, pulse and blood pressure. 
monitoring facilities were used in the latter part of the series. 
An intravenous infusion was always instituted but it was never 
necessary to give more fluid than required to keep the vein 
open. After operation spontaneous ventilation was allowed to 
return, and with a tidal volume of 250-300 mi and a minute 
tidal volume of 4-5 | measured by a Wright's respirometer, the 
patient was allowed to leave the theatre. 

Surgery was performed through a vertical midline incision 
and the sternum was split in the axis of the wound. This 
traditional approach is used for two reasons: first, thymic 
tissue can be, and is not infrequently, found in the fatty tissue 
outwith the gland, and secondly because the authors agree 
with the Leading Article in the British Medical Journal which 
states that the surgeon can see what he is doing through this 
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approach (Leading Article, 1975). AH thymic tissue was 
removed and any portions of fat seen in the vicinity were also 
excised. Sometimes the dissection of the thymus caused the 
tearing of one and occasionally both pleurae; if this happened 
the pleural cavities were drained and the usual retrosternal 
drain was omitted. 


Postoperative management 

The most difficult period in the management of myasthenic 
patients is the 3 days after operation. We believe that we have 
successfully solved the major problems which are, (a) preserva- 
tion of respiration and (5) regulation of anticholinesterase 
medication in a rapidly changing situation. A team approach 
is essential but we have found it advantageous to have a strict 
protocol to ensure that responsibilities are clearly defined so 
that antimyasthenic medication is prescribed with exact 
knowledge of the concurrent efforts of other members of the 
team. Decisions on drainage, fluid and electrolyte replacement 
and antibiotics were taken by the surgeon, those on ventilation 
and analgesia by the anaesthetist and on anticholinesterase 
medication only by the neurologist. 

Drainage, fluid balance and antibiotics: When the pleurae were 
not opened the drainage was by a single retrosternal drain into 
a Redivac suction bottle. This drain was removed after 24—48 h. 
Drainage tubes within the thorax were removed after 36-48 h. 
Intravenous drips were discontinued after 24 h, fluid balance 
being readily maintained by mouth. Antibiotics were not used 
prophylactically and, indeed, were rarely required for post- 
operative pneumonia. Absence of tracheostomy was doubtless 
a factor in reducing the incidence of pulmonary and mediastinal 
infection. When necessary, the appropriate antibiotic was used 
with preference for penicillin and avoidance of antibiotics 
which have a neuromuscular blocking action (notably strepto- 
mycin and neomycin), which may be dangerous for myasthenic 
patients. 

Ventilation and analgesia: Provided that the neuromuscular 
status is not worse after operation and breathing is not inhibited 
by pain, breathing should be no greater problem after opera- 
tion than before it. Since these factors should be restored 
within a week, we see no advantage in creating a tracheostomy. 
When respiratory support is required we prefer to ventilate the 
patient. through an oral laryngeal tube. Tracheostomy 
complicates management by introducing another wound and a 
longer recovery period. In those requiring ventilation the 
advantage of easier tracheobronchial toilet is acknowledged, 
but we are convinced that pulmonary management by tracheal 
intubation is satisfactory and shortens the recovery time. The 
patient is transferred to the ward with a nasogastric tube in situ. 

When an intensive therapy unit was opened in the Western 
Infirmary our policy was changed and 25 patients were admitted 
to the unit for the first day or two following operation. Four- 
teen of these cases were treated as they would have been in the 
general surgical ward. Eleven patients were ventilated, 7 having 
had lung minute volumes of less than 2 1, and only 3 of these 
required a tracheostomy. Subsequently it became apparent 
that it was not necessary to send most patients to the intensive 
therapy unit and we reverted to returning the patient to the 
general ward. 

In both situations the anaesthetist or ITU staff were 
responsible for maintaining oxygenation, keeping the lungs dry 
and controlling pain. If the sternum is sutured with wire there is 
little pain from the primary wound after the first day, but 
intrapleural drains were painful until removed. As the neuro- 
logist used pupil diameter to assess the cholinergic status it was 
agreed that only pethidine or pethilorfan would be prescribed, 
these drugs being less miotic than morphine or omnopon. The 
central respiratory drive is not impaired in myasthenia gravis 
and there should be no hesitation about prescribing these 
analgesics in the necessary dosage. If pain is suppressed and 
the endotracheal tube withdrawn as soon as adequate spon- 
taneous ventilation is maintained, the respiratory recovery 
is rapid. When orotracheal ventilation was necessary for 4 
days it was deemed advisable to perform a tracheostomy, the 
tube being removed after a further 9 days. However, this 
policy depends on maintenance of the patient's respiratory 
musculature. 


Anticholinesterase medication: There has been no change in the 
surgical management since the previous report by Fraser (1966). 
The good results of this further series are a measure of the 
success of our combined policy. The essential difference from 
that adopted elsewhere is the decision to maintain anticho- 
linergic medication almost unchanged, regarding the operation 
as an incident requiring the minimum of modification to 
dosage. In many centres it is the practice to withdraw all anti- 
cholinesterase drugs before operation and not to resume for 
at least 24 h after it, commonly for longer, and also to perform 
a tracheostomy as a routine. The rationale for that course of 
action is that it has been recognized for 20 years or more that 
the requirement for neostigmine or its equivalent often drops 
dramatically during the first 48 h after operation and that if 
this is not recognized the patient may be thrown into a cholin- 
ergic state with increased paralysis, pulmonary oedema and 
cardiac effects. 

The method we use requires careful personal observation by 
one experienced observer. The neurologist examines the newly 
conscious patient in the recovery room. If there is significantly 
more myasthenic-type weakness than at the last preoperative 
examination, a full dose of pyridostigmine is given. Until 
normal swallowing power is restored, the crushed tablets are 
given by nasogastric tube in preference to parenteral routes. 
If this first examination shows no deterioration since going to 
theatre, the first dose is postponed until the second examination 
which is made after the interval previously required between 
doses, individually from 2 to 6 h. At that time the preoperative 
dosage is resumed, provided that no signs of overdosage are 
present. The patient is then watched carefully by the attending 
staff and re-examined frequently by the neurologist during the 
first 3 days and then at intervals of not more then 12 h until 
recovery is well under way. Dosage is prescribed only as far 
ahead as the next anticipated visit. Meanwhile, any change in 
the patient's condition must be reported to the neurologist by 
telephone. No other attendant is empowered to alter the anti- 
cholinergic medication. No attempt is made to achieve maximal 
control during this time. It is sufficient that breathing and 
swallowing should be adequate and if weakness is present that 
it should be of myasthenic and not of cholinergic type. 

The indications for reducing or withholding a dose of 
pyridostigmine or for increasing the time between dosage are 
(a) evidence of overdosage, (b) no detectable increase of 
muscular power 1 h after a dose, (c) pupil diameter of 3 mm or 
less in normal ward lighting, (d) fasciculation of skeletal 
muscles (best seen in the less myasthenic muscles, usually in the 
legs). The importance of avoiding other drugs which constrict 
the pupils will be obvious. For similar reasons atropine and 
related drugs should be avoided unless there are special 
indications. Other muscarinic effects should not be seen. An 
edrophonium test is rarely necessary and must be used with 
discretion, covered with atropine. 

The gastric tube is removed as soon as fablets can be 
swallowed. On average patients were out of bed by the second 
day and ready for discharge home by 8—10 days after operation. 
By that time a new dosage régime of pyridostigmine had been 
established according to the principles outlined by Simpson 
(1971). 


Pathology of the thymus gland 

At operation the thymus gland showed a wide range of 
variation. Some glands were largely made up of tissue similar 
to fatty tissue, frequently with complete separation of the two 
halves of the body. Eight glands were small and 1 was atrophic; 
3 were made up of thick, dense tissue and 30 had recognizable 
germinal centres. One patient had sarcoidosis in the medi- 
astinal lymph glands and intercostal muscle. The histological 
changes of the thymus in this series of cases have been reported 
by Vetters and Simpson (1974), who found that the frequency 
of germinal centres bore no correlation to the speed or degree 
of recovery following thymectomy. Eight patients were found 
to have thymic tumours, some of which had been suspected 
before operation. The largest of these tumours was 4x 2 cm. 
The histological decision as to malignancy in thymic tumours 
is notoriously difficult and on occasions the surgeon may be 
the person most capable of deciding as to whether invasion 


has in fact occurred. Six of these tumours showed ‘surgical’ 
invasion in that they were adherent to the pleura, in one case 
to the phrenic nerve and in another to the innominate vein. 
Despite this, 5 tumours were reported as non-malignant and 
the sixth as showing low grade malignancy. In one case tumour 
cells were seen outwith the capsule of the thymoma but were 
not invading the surrounding tissues. This patient is still alive 
74 years after the operation, although his condition is not 
improved to any extent. 


Mortality 

One death occurred on the tenth postoperative day in another 
hospital, the result of cardiac arrythmia. This occurred in a 
38-year-old woman who had had symptoms for 24 years in 
early stage 3. In addition to myasthenia gravis she had 
rheumatoid arthritis, a non-toxic goitre and quite severe poly- 
cythaemia (Simpson, 1976). That she was a poor operative 
risk was recognized and fully explained to her. As a precaution 
she was ventilated for 4 days in the intensive therapy unit, but 
she was well enough thereafter to return to the surgical ward 
and was discharged to the referring hospital on the eighth day. 
She collapsed suddenly the next evening with cardiac arrythmia 
followed by cardiac arrest which could not be reverted. 
Autopsy was unhelpful as to the cause of death. 

A further 6 patients died after recovering from the operation. 
One patient of 65, having a low grade malignant tumour, died 
unexpectedly at 2 months from acute bronchopneumonia. One 
patient (stage 3 before operation), who died after 23 months, 
had concomitant rheumatoid arthritis and the thymic gland 
histology showed features of systemic lupus erythematosus. 
One of the patients having a thymic tumour died with a lung 
abscess at 1 year after operation. One death occurred after 2 
years from a fulminating generalized infection, as reported by 
the general practitioner; this patient had had a simple thymoma 
removed. Another died from acute pancreatitis at 21 years and 
1 from generalized weakness after 53 years. 


Results 
Of the surviving 57 patients, there is no follow-up for 
2. A further 3 patients have an incomplete follow-up, 
| being satisfactory at 2 months, 1 at 4 months and 
1 was fit to travel to Australia over 1 year after 
surgery. 

Of the remainder at the time of review in late 1976, 
26 patients had no symptoms and 22 patients had mild 
symptoms such as occasional weakness and/or 
diplopia; 9 of these stated that they were 'greatly 
improved’ or ‘incomparably better’ since thymectomy. 
Fight patients had either given birth to a baby (1 had 
had 2 babies) or were pregnant at the time of review. 
Two patients were not improved and 2 patients were 
worse. 

Of the 8 patients in whom a tumour was found and 
removed at thymectomy (8 per cent), 3 have only mild 
symptoms 3-7 years after surgery and 2 show no 
change at 7 and 74 years. Three patients with tumours 
have died; 1 died unexpectedly at 2 months from 
pneumonia, 1 at 1 year from a lung abscess and the 
third at 2 years from a fulminating infection. One 
patient has not been traced. 

This assessment (Table II) indicates the satisfactory 
clinical state of most patients after operation. As the 
severity of myasthenia before operation is not 
standardized, it may be preferable to use a grading 
based on the change of status when the follow-up 
state is compared with the preoperative condition. For 
this purpose, the cases are summarized in Table III 
according to the classification of Simpson (1958). 

Category A: Full working life with no restriction. 
No neostigmine required. No subjective weakness. A 
small degree of permanent objective weakness, 
unrelieved by neostigmine, is permitted. The present 
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Table H: ASSESSMENT AT FOLLOW-UP OF 52 
CASES 





Years since No Mild 
operation symptoms symptoms Unchanged Worse 
0-2 6 3 2 
2-5 6 9 
5-10 12 11 2 
10-4- 1 
Total 25 23 2 2 
Table HI: RESULTS IN RELATION TO SEX AND 
PRESENCE OR ABSENCE OF TUMOUR 
Non-thymoma Thymoma 
Both sexes Both sexes 
Category Female Male pA No. pA 
A 7 7 25 — — 
B 18 2 35:7 i 12-5 
C 8 — 14-3 1 12:5 
D 6 1 12:5 3 37.5 
Dead (all 4 — 7-1 3 37.5 
causes) 
Not traced 3 -— 5:4 — — 
Total 46 10 100 8 100 


state must represent a marked improvement from the 
original. 

Category B: Able to lead a full life with only minor 
myasthenic symptoms, requiring no neostigmine or 
controlled by not more than 4 tablets (60 mg) daily. A 
significant improvement is required. 

Category C: Full life with few restrictions but (a) 
demonstrable myasthenia not requiring neostigmine 
or (b) still requiring neostigmine but at least 40 per 
cent less than before and with improved response. 

Category D: Must be (a) improved, but neostig- 
mine requirements unchanged or increased; (b) un- 
improved, irrespective of neostigmine dosage or (c) 
worse. 

It will be noted that the requirements for reduced 
dosage of neostigmine (pyridostigmine) loads the 
assessment in favour of ‘no change’, but those in 
categories A, B and C are all able to lead a full life. 
These are severe criteria, especially for cases on a low 
dosage preoperatively. Nevertheless, the results of the 
present series of 92-3 per cent having no symptoms or 
only mild disability are even better than those reported 
in 1958 by Simpson (Table III). This is attributable to 
the lower mortality in the present series. The poor 
long term prognosis for patients with thymoma is 
confirmed. For the non-tumour cases males have a 
surprising advantage, contrary to all previous reports. 


Discussion 

Myasthenic patients once controlled with anticho- 
linesterase drugs should be offered thymectomy 
provided that they can be under the constant care of a 
neurologist, anaesthetist and a surgeon who have 
worked together in the treatment of this disease. 

In 1958 Simpson showed that thymectomy in 
myasthenia gravis offered a great saving of life and a 
greater proportion of remissions. With personal 
attention to pre- and postoperative control of anti- 
cholinesterase dosage, since 1956 no patient has failed 
to survive thymectomy, yet as late as 1971 a Leading 
Article in the British Medical Journal described 
thymectomy as having a relatively high morbidity 
and mortality due to the wide spontaneous fluctuation 


304 K. Fraser et al. 

in anticholinesterase requirements which may develop 
in the immediate postoperative phase. By 1975, how- 
ever, Havard had stated that the risks of thymectomy 
were greatly reduced consequent on the advances in 
ventilation and better differentiation between myas- 
thenic and cholinergic crises (Havard, 1975). Havard 
found complete remission or substantial improvement 
in 80 per cent of the cases without tumour: some- 
times it takes 5 years for such improvement to occur. 
A similar figure is quoted by Edwards and Wilson 
(1972). Havard believes that thymectomy should be 
offered to most patients with myasthenia gravis other 
than those with only ocular symptoms. Thymomas 
should always be removed as thymectomy will prolong 
life and increase the rate of remission. Havard found 
that 85 per cent of tumour cases untreated were dead 
within 1 year (Havard, 1973), but Simpson found a 
mean survival (from onset of myasthenia to death) of 
4-5 years in patients with thymomas (Simpson, 1976). 
With modern techniques and the better understanding 
of the constant supervision required postoperatively, 
the operation should present no great problem. The 
long term results show that 48 out of the 64 original 
cases (75 per cent) had either no disability or only 
minor symptoms when reviewed 

We attribute the excellent results in this series to two 
factors. First, improved postoperative management 
has eliminated deaths associated with the operation. 
The better long term prognosis is, in our opinion, due 
to the policy of operation in stage 1 and, indeed, as 
early as practicable after the onset of symptoms. The 
number of thymic tumours, though representative (8 
per cent of the total), is too small to assess, but it is 
encouraging that we have not experienced the 
mortality noted in the earlier series (i.e. 60 per cent in 
less than 3 years after operation). 

We have found that preoperative lung function 
tests provide no reliable criteria for the type of 
respiratory support required in the postoperative 
phase, in contrast to the views expressed by Loach et al. 
(1975). The present authors aim to avoid tracheostomy, 
and this procedure was required in only 3 patients. 
We believe this avoidance of tracheostomy and/or 
prolonged ventilation results from the very close 
neurological supervision in the immediate post- 
operative hours and early days to balance the drug 
therapy. We further believe that the standard surgical 
approach is necessary if all the thymic tissue is to be 
excised. 


Addendum 

Since this review was completed a further 4 females 
and 1 male patient have undergone thymectomy for 
myasthenia gravis. Only 1 required to be ventilated 


and this was on the fourth day and mainly owing to 
sputum retention, The time interval is too short for 
assessment of improvement. 


Acknowledgements 

Our thanks are due to Dr lan Melville for permission to 
include some of his cases and to Dr Hugh Wishart for help 
with anaesthesia in some of the earlier cases of the series. We 
thank Mrs Isabel Gray for secretarial help. 


References 

BLALOCK A. (1944) Thymectomy in the treatment of myasthenia 
gravis: report of 20 cases. J. Thorac. Surg. 13, 316-339. 

BLALOCK A., MASON A. F., MORGAN H. J. et al. (1939) Myasthenia 
gravis and tumours of thymic region: report of a case in 
which tumour was removed. Ann. Surg. 110, 544-561. 

CRAWFORD J. (1971) A review of 41 cases of myasthenia gravis 
subjected to thymectomy. Anaesthesia 26, 513. 

EDWARDS F. R. and WILSON a. (1972) Thymectomy for myas- 
thenia gravis. Thorax 27, 513-516, 

FOLDES F. F. and MCNALL P. G. (1962) Myasthenia gravis: à 
guide for anaesthesiologists. Anaesthesiology 23, 837-872. 

FRASER K. (1966) The thymus and myasthenia gravis. Scot. Med. 
J. 11, 203-207. 

HABERER H. (1917) Removal of thymus for tumour. Arch. Klin. 
Chir. 109, 193. 

HAVARD C. W. H. (1973) Progress in myasthenia gravis. Br. Med. 
J. 3, 437-440. 

HAVARD C. W. H. (1975) Diseases of the central nervous system. 
Myasthenia gravis. Br. Med. J. 4, 152-154. 

KEYNES G. (1946) Surgery of the thymus gland. Br. J. Surg. 33, 
201-214. 

LEADING ARTICLE (1971) Br. Med J. 2, 160. 

LEADING ARTICLE (1975) Br. Med. J. 3, 262~263. 

LOACH A. B., YOUNG A, C., SPALDING J. M. K. et al. (1975) Post- 
operative management after thymectomy. Br. Med. J. 1, 
309—312. 

SCHUMACHER J, and ROTH J. (1913) Thymektomie bei einem Fall 
von Morbus Basedowi mit Myasthenia. Mitt. Grenzebieten 
Med. Chir. 25, 745-765. 

SIMPSON J, A. (1958) An evaluation of thymectomy in myas- 
thenia gravis. Brain 81, 112-144. 

SIMPSON J. A. (1960) Myasthenia gravis: a new hypothesis. Scot. 
Med. J, 5, 419-436. 

SIMPSON J. A. (1971) The drug treatment of myasthenia gravis. 
Prescriber J. 11, 9-14. 

SIMPSON J. A. (1974) Myasthenia gravis and myasthenic 
syndromes. In: SUBIRANA A. and BURROWS J. M. (ed.) 
Neurology. Proceedings of the Xth International Congress 
of Neurology. Amsterdam, Excerpta Medica, pp. 399-411, 

SIMPSON J. A. (1976) In: ISRAELS M. C. G. and DELAMORE J. W. (ed.) 
Haematological Aspects of Systemic Disease. Philadelphia, 
Saunders, p. 440. 

VETTERS J, M. and SIMPSON J. A. (1974) Comparison of thymic 
histology with response to thymectomy in myasthenia 
gravis. J. Neurol. Neurosurg. Psychiatr. 37, 1139-1145. 

WEIGART G. (1901) The thymus in myasthenia gravis. Neurol. 
Zentrabl. 20, 597-602, 


Paper accepted 30.11.1977. 


Br. J. Surg. Vol. 65 (1978) 305-307 


Diabetic autonomic neuropathy in patients with 


vascular disease 
JOHN B. QUAYLE* 


SUMMARY 

An attempt has been made to determine the effect on 
vasomotor tone and sweating of peripheral neuropathy 
in the feet of diabetics with vascular disease. There was 
a loss of vasomotor tone in 48 per cent of patients with 
peripheral neuropathy and in 12 per cent of those with- 
out neuropathy (P « 0-01). Complete loss of sudomotor 
activity was rare in both groups. 


Tur benefits of lumbar sympathectomy in patients 
with severe peripheral vascular disease are often 
disputed but in diabetics it is held that the results are 
relatively worse (Edwards and Crane, 1951; Martin, 
1953; McPherson et al., 1963). However, in a collected 
series of 236 diabetics, 42-53 per cent were reported 
to be clinically improved by the operation (King et al., 
1964; Gensler et al., 1965). There is further contro- 
versy as to whether autosympathectomy may already 
have occurred as a result of associated neuropathy, so 
that surgery cannot be helpful. The experimental 
evidence to substantiate this is limited, but several 
authors (Moorhouse et al., 1966; Ewing et al., 1973; 
Goadby and Downman, 1973) have demonstrated 
impaired vasomotor and sudomotor reflexes in 
diabetics. In the present study, a comparison has been 
made of these reflexes in the feet of diabetic patients 
with occlusive vascular disease in order to establish a 
relationship between the presence of peripheral neuro- 
pathy and the absence of sympathetic activity. 


Patients and methods 

Twenty-seven diabetic patients with occlusive vascular disease 
involving one or both legs were divided into two groups, those 
with and those without coexisting peripheral neuropathy. 
Patients were considered to have peripheral neuropathy if they 
had four of the following neurological abnormalities: absent 
knee extensor and Achilles tendon reflexes, and/or patchy 
absence of sensation to pin prick, light touch, temperature 


Table I: VASOMOTOR, SUDOMOTOR AND VALSALVA 
RESPONSE EN 26 DIABETIC PATIENTS WITH 33 
LIMBS SHOWING VASCULAR DISEASE 

Site of vascular 


disease 
Proximal Distal N.V.R. N.S.R. N.V. 
Diabetics with severe ischaemia 
Non-neuropathic 0 9 3 0 1 
(n= 9) 
Neuropathic 4 4 5 2 0 
(n == 8) 
Total 8 2 1 
Diabetics with claudication only 
Non-neuropathic 4 3 1 0 1 
(n= 7) 
Neuropathic 4 5 3 0 2 
(n= 9) 
Total 4 0 3 


n number of limbs. N.V.R., negative vasomotor response. 
N.S.R., negative sudomotor response. N.V., negative 
Valsalva response. 


change and vibration in the legs. Since 4 patients had had one 
leg amputated, there was a total of 50 legs available for 
investigation, 25 in each neurological group. Thirty-three legs 
were affected by varying degrees of vascular disease, the site 
and extent of which are shown in Table 7. The site was con- 
sidered to be distal or proximal depending on the presence or 
absence of a popliteal pulse. The average age of the patients in 
each group was 60, with a range of 45-73 years. 

Autonomic integrity was assessed by the measurement of 
both vasomotor and sudomotor activity and of the Valsalva 
response (Sharpey-Schafer, 1956). Changes in forefoot blood 
flow in response to body heating were measured using a mercury- 
in-rubber strain gauge plethysmograph (Greenfield et al., 
1963) in an ambient room temperature of 25 ^C. Body heating 
was achieved by placing a cradle of arc lights over the patient's 
trunk and head and covering him with blankets, except for the 
feet, till a rise in body temperature of at least 0-5 °C had been 
obtained. Patients whose feet failed to vasodilate were subjected 
to further heating to the limit of their tolerance. Measurements 
were recorded at 10-min intervals on moving graph paper 
(Fig. 1), Sudomotor activity was estimated by measuring the 
skin conductivity before and after body heating with an 
electrodermometer (Gillespie, 1961). The data on vasomotor 
activity were analysed by the y? test and Fisher's exact test was 
applied to the sudomotor measurements. 


Table H: OVERALL ANALYSIS OF VASOMOTOR 
AND SUDOMOTOR RESPONSES TO BODY 
HEATING AND VALSALVA RESPONSES IN THE 
FEET OF DIABETICS WITH AND WITHOUT 
PERIPHERAL NEUROPATHY 


Negative Abnormal 


Total Negative 
no. vasomotor sudomotor Valsalva 
legs response response response* 
Without 25 3 (1274) 0 2 (20% 
peripheral 
neuropathy 
{n= 14) 
With neuropathy — 25 12 (485; 3(8595) 2 (20%) 
(n == 13) 
Neuropathic v. P<0-01 POI qs 
non-neuropathic Y 


n- number of patients. 
* Eleven patients in each group. 
t Fisher's exact test. 


Results 

The results are illustrated in Fig. 2 and Table II. Forty- 
eight per cent of the feet of diabetics with peripheral 
neuropathy, compared with 12 per cent of those without 
neuropathy, failed to vasodilate after body heating, thus 
indicating a significant association between peripheral 
neuropathy and absent sympathetic vasoconstrictor 
reflexes (P 0-01). Comparison of the effect of body 
heating with that of sympathectomy was possible in 6 
feet. Five of these had shown negative vasomotor 
responses to body heating and operation resulted in a 
small vasodilatation in only one. 

A larger proportion of negative vasomotor 
responses was found in legs with vascular disease, and 
of these it was more common in those with severe 
ischaemia. However, in those with positive responses 
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Before heat (oral temp. 36.5 *C) 


EDR 10 mV 
Right foot 
Flow 5. 
(mi 100 ml-' min- 

EDR I0 mV 
Left foot 
Flow 2:6 


After heat (37-1 *C) 


EDR 20 mV 


>t 


EDR 30 mV 


13-3 


Fig. 1. Plethysmograph recordings of blood flow through the right and left feet of a diabetic with 
bilateral peripheral neuropathy, before and after body heating. Only the left foot has a positive | 
vasomotor response with a flow ratio of 5 : 1. The electrodermal response (EDR) shows that both 
feet exhibit activity, but that in the right foot is slightly less than that in the left. This patient had a 


left calf claudication and absent popliteal pulses. 
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Fig. 2. The vasomotor, sudomotor and post-sympathectomy responses to body heating in 14 

diabetics (25 feet) without and in 13 (25 feet) with peripheral neuropathy. V; Valsalva negative: 

S, sudomotor negative. The flow ratio is the ratio of blood flow through the foot after to the 

flow before raising the body temperature by 0-5 ^C. A ratio of 1 indicates that there is no increased flow. 


there was no clear relationship between the vasodilata- 
tion and the site and extent of vascular disease, or the 
response produced in the unaffected legs. Indeed, in 
claudicating legs the response was sometimes greater. 

Almost all patients showed increased electrodermal 
conductivity, indicating sudomotor activity. Sweating 
usually occurred within the first 10min of body 
heating, often before there was any measured changes 
in body temperature. Only 3 feet failed to sweat and 
these also failed to vasodilate on heating, although 1 
did show a small vasodilator response following 
subsequent lumbar sympathectomy. There was 
peripheral neuropathy in all 3 but the association is 
not statistically significant (P = 0-23). 

The number of patients who failed to produce a 
normal response to Valsalva's manoeuvre was the 


same in both groups, namely 20 per cent. However, 
because a number of the patients were elderly and thus 
less able to perform the manoeuvre properly, this 
probably exaggerates the true incidence. 


Discussion 

Comparison of these results with those of other studies 
must take account of the respective methods used. In 
order to establish by a non-invasive technique whether 
sympathetic neuropathy is absolute, the means of 
stimulating sympathetic activity must be adequately 
provocative and methods of measuring the responses 
must be sensitive and reliable. In this investigation 
the stimulus by body heating was intense, and forefoot 
strain gauge plethysmography and electrodermal con- 
ductivity were sensitive measures of blood flow 


changes and sweating (Lader and Montague, 1962; 
Greenfield et al., 1963; Wang, 1964). In contrast to 
the present findings, Goadby and Downman (1973), 
using digital plethysmography, showed absent vaso- 
constrictor activity in the toes of 52 per cent of neuro- 
pathic and 23 per cent of non-neuropathic diabetics 
in response to psychological stimuli, while vasodilator 
responses measured by digital pulse amplitude after 
body warming were negative in 82 per cent and 47 per 
cent respectively. Moorhouse et al. (1966), measuring 
digital skin temperatures, found that 55 per cent of 
neuropathic and 21 per cent of non-neuropathic 
diabetics had absent responses to cold water baths, 
warming with blankets and, in some cases, local 
anaesthetic blockade. They did point out, however, 
that some patients took a considerable timeto respond; 
it is therefore conceivable that some of the non- 
responders in the present study might eventually have 
shown a positive response if they had been able to 
tolerate the heating procedure for longer. 

The extent to which the vasomotor response may 
be affected by underlying vascular disease has not been 
determined in this investigation. A larger study would 
be needed to establish this. 

Sudomotor abnormalities have commonly been 
reported in other studies on diabetics. For example, 32 
percent of neuropathic feet investigated by Goadby and 
Downman (1973) and 35 per cent reported by Barany 
and Cooper (1956) failed to sweat. Because of limita- 
tions of the methods used, however, these investigations 
probably demonstrate impairment of sudomotor 
activity rather than the complete inability to sweat. 
Psychological stimuli and electrodermal conductivity 
were used in the first study, while body warming by 
water immersion and skin patch testing with starch 
and iodine were used in the second. The true incidence 
of absent sudomotor activity must be much lower, as 
reflected in the present study, where only 3 out of 25 
neuropathic feet failed to sweat. 

Baroreceptor responses to Valsalva’s manoeuvre 
were found to be abnormal in 10 per cent of diabetics 
studied by Sharpey-Schafer and Taylor (1960), 
although they suggested that the true incidence might 
be higher. Of those with abnormal responses, 60 per 
cent had peripheral neuropathy. In a recent series of 
37 diabetics, 24 of whom had peripheral neuropathy, 
Ewing et al. (1973) found that 23 (62 per cent) had 
abnormal responses, and the extent of the abnor- 
mality appeared to be related to the degree of 
peripheral neuropathy as assessed by nerve conduc- 
tion studies. 

In conclusion, the present investigation shows that 
sudomotor activity is affected to a much lesser extent 
than vasomotor function by diabetic neuropathy, so 
that the presence or absence of sweating is not a 
reliable guide to the effect of sympathectomy on 
vasomotor activity. Less than one-half of diabetics 
with peripheral neuropathy are likely to have a 
complete vasomotor autosympathectomy affecting 
their feet, and this is rare in patients without peripheral 
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neuropathy. Sympathectomy can thus be expected to 
produce vasodilatation in the majority of diabetics, 
but in those with severe peripheral neuropathy the 
vasomotor response to total body heating might first 
be measured to determine whether operation is likely 
to be effective. 
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The role of the profunda femoris in aorto-iliac surgery 


A. S. WARD AND W. MORRIS-JONES 


SUMMARY 

The results of aorto-iliac surgery in 90 ischaemic limbs 
(68 patients) have been reviewed. The mean follow-up 
period was 18 months (range 6 months to 3} years). In 
48 limbs the disease was confined to the aorto-iliac 
segment (group 1), while in 42 limbs severe occlusive 
changes were present in both the aorto-iliac and super- 
ficial femoral segments (group 2). 

In group 1 intermittent claudication was abolished or 
substantially improved in 86 per cent. Rest pain was 
relieved in all cases. Lumbar sympathectomy was with- 
out obvious additional benefit in either group. Pedal 
pulses were restored in all except 3 limbs. A highly 
significant (P «0-001) increase in the ankle systolic 
pressure (ASP) index occurred after surgery and normal 
values were restored both in claudicants and in those 
with rest pain. This response was maintained through- 
out the follow-up period. 


Claudication was effectively relieved in 38 per cent of 


cases in group 2 following aortoprofunda reconstruction. 
Rest pain was abolished in 83 per cent of cases, the 
remainder requiring a major amputation. Lumbar 
sympathectomy failed to produce any additional benefit 
among either claudicants or those with rest pain. Pedal 
pulses were restored in only 2 limbs. Among claudicants 
the ASP index was unchanged, and although a signifi- 
cant (P « 0-001) increase occurred in the rest pain group, 
the index remained within the ischaemic range. There 
was little variation in the value of the ASP index 
throughout the follow-up period in either group. The 
difference between the ASP response to surgery in 
patients with aorto-iliac disease alone and those with 
dual occlusion was highly significant (P « 0-001). 

The present results suggest that among claudicants 
revascularization of the profunda alone may be followed 
by a limited clinical and haemodynamic response. How- 
ever, as a limb salvage procedure, aortoprofunda 
reconstruction can be recommended with confidence. 
When both the superficial and deep femoral vessels are 
patent, an excellent response is to be expected after 
aorto-iliac surgery in claudicants and patients with 
rest pain alike. 


MANY patients undergoing surgery for aorto-iliac 
atherosclerosis have coexistent occlusive disease in the 
superficial femoral artery. These patients rely to a 
large extent on the profunda femoris for limb 
revascularization, and whether this imposes limitations 
on the operative result is open to dispute (Morris et 
al., 1961; Moore et al., 1968; Clarke and Provan, 
1969). An attempt has been made to resolve this issue 
in the present study by directly comparing the clinical 
and haemodynamic response to surgery in patients 
exhibiting aorto-iliac disease alone with the response 
in those affected by combined aorto-iliac and femoro- 
popliteal disease. 


Patients and methods 

Sixty-eight patients (54 male and 14 female) undergoing aorto- 
iliac reconstructive surgery during the period January 1974 to 
December 1976 were studied. Their mean age was 56 years 
(range 30-75 years). The presenting feature in 39 patients was 


severe intermittent claudication, i.e. pain at 100 m or less on 
flat ground, while rest pain predominated in the remaining 29 
patients, Gangrene (5) and ulceration (2) were additional 
features in the latter group. Symptoms were unilateral in 46 
patients and bilateral in 22 cases, so that altogether 90 ischaemic 
limbs were available for study. In 10 patients there was 
evidence of coexistent myocardial ischaemia, hypertension was 
present in & cases, cerebrovascular disease in 4 and diabetes 
mellitus in 2. 

Clinical examination, arteriography and measurement of the 
ankle systolic pressure index (Yao, 1970) were undertaken in 
all cases before surgery. The femoral pulse was invariably 
absent or markedly diminished while arteriography confirmed 
the presence of a complete occlusion or major stenosis (775 
per cent) in the aorto-iliac segment in all cases. The sites of 
maximum disease were distributed between the aorta (6), the 
common iliac (49) and the external iliac (35) arteries. Two 
groups of patients were recognized on the basis of the arterio- 
graphic findings: those with aorto-iliac disease alone and a 
patent infra-inguinal tree (48 limbs) and a second group with 
occlusive disease in both the aorto-iliac and superficial femoral 
segments (42 limbs). The state of the profunda femoris was 
assessed in each group using oblique as well as anteroposterior 
views whenever possible (Beales et al, 1971). Arteriography 
frequently underestimates the extent and severity of disease in 
the proximal profunda (Ward and Morris-Jones, 1977) and a 
more complete assessment of this segment was routinely carried 
out at operation. All the patients in the present study appeared 
to have a normal distal profunda. As in our previous report 
(Ward and Morris-Jones, 1977), the arteriographic ‘run-off 
below the knee was assessed according to the criteria of Morton 
et al. (1967). The ankle svstolic pressure (ASP) index was 
measured on two separate days in the week preceding surgery 
using an ultrasound probe and ankle/brachial occlusion cuffs. 
Basal conditions were enforced for this measurement and the 
mean of two recordings was taken to represent the preoperative 
index. 

All operations were performed by one or other of the 
authors. Endarterectomy, usually via a semi-closed technique, 
was carried out in 21 limbs while a Dacron bypass graft was 
inserted in the remaining 69 limbs (Table I). In the presence of 
a patent superficial femoral artery, grafts were inserted end to 
side into the common femoral artery immediately proximal 
to the profunda origin. When the superficial femoral artery 
was occluded grafts were inserted into the common femoral- 
profunda segment using a profundaplasty technique with or 
without local endarterectomy (Martin et al, 1972). Lumbar 
sympathectomy was carried out at the time of reconstruction in 
4i limbs. 

After operation a careful record was made of the presence or 
absence of limb pulses. In addition, the ASP index was 
determined at 24 h, 48 h, 4 days and 7 days after surgery under 
the same basal conditions as in the preoperative phase. The 
mean of the last two measurements was taken to represent the 
value for the response at 1 week (Tables 11, HT). 

After discharge from hospital, clinical progress was assessed 
by an independent observer. Patients were seen at monthly 
intervals until completion of the study, The mean duration of 
follow-up was 18 months (range 6 months to 34 years). An 
attempt was made to classifv the clinical response among 
claudicants on the following lines: (1) complete relief; (2) sub- 
stantial improvement with residual claudication after 800 m 
or more on flat ground; (3) small improvement with claudica- 
tion at approximately 400 m on the flat; (4) no change; (5) 
deterioration. The clinical outcome in patients with more 
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severe ischaemia was easier to assess since relief of rest pain was 
a relatively clear-cut event. Healing of ischaemic ulcers, patches 
of gangrene and local amputation sites provided additional 
evidence of a good response in this group. At each follow-up 
visit an objective assessment was made based on the presence 
or absence of peripheral pulses and the value of the ASP index, 
again under strict basal conditions. All measurements of ASP 
indices both before and after surgery were undertaken by the 
same observer using an identical technique. 


Statistics 

Pre- and postoperative ASP indices were compared in each 
group by means of a paired ¢ test. An unpaired / test was used 
to compare the response in dissimilar groups. The number of 
patients in each group is relatively small and a Wilcoxon's 
signed rank test was also carried out to confirm the significance 
of the differences independently of the normality of the 
distribution. 


Results 

Group 1: Patent superficial femoral artery 

In 35 patients (48 limbs) aorto-iliac reconstruction 
was undertaken in the presence of a patent infra- 
inguinal tree (Table 1). One patient died shortly after 
operation due to mesenteric infarction (operative 
mortality 2-5 per cent), leaving 47 limbs available for 
postoperative study. Thirty-six limbs were affected by 
intermittent claudication alone; complete relief was 
achieved in 24 of these limbs while a substantial 
improvement occurred in a further 10 cases—an 
overall success rate of 94 per cent. In 2 of these 
successful cases, some deterioration occurred after 
the first 12 months with progressive reduction in the 
strength of the femoral pulse (presumably due to 
either graft ‘siltage’ or progressive local athero- 
sclerosis), so that the final success rate for claudicants 
was 86 per cent. There were two instances of early 
failure, both due to operative errors. In one case the 
superficial femoral artery occluded during clamping 
with consecutive thrombosis in the popliteal and leg 
arteries. Despite a femoropopliteal graft, an above- 
knee amputation was ultimately required in this 
patient. In the other case one limb of a bifurcating 
graft occluded within the first 24 h after insertion and 
this could not be reversed. 

Rest pain was the presenting feature in 11 limbs, all 
of which had additional claudication. In one of these 
patients an area of localized gangrene was present on 
the great toe; the remaining limbs were free from 
trophic changes. Rest pain was relieved in all cases 
following aorto-iliac surgery. A local amputation was 
required after reconstruction in the patient with 
digital gangrene and this was followed by prompt 
healing. After surgery, claudication as well as rest 
pain was relieved in 10 of the 11 cases (91 per cent). 
In the remaining case an iliofemoral graft occluded 
within the first 24 h after insertion and although rest 
pain was apparently relieved, claudication persisted. 
The overall incidence of early postoperative occlusion 
in the combined claudication and rest pain groups was 
6 per cent (3 out of 47). 

Lumbar sympathectomy was carried out at the 
time of reconstruction in 20 of the 48 cases. This 
procedure did not appear to confer any special benefit 
among either claudicants or those with rest pain. 

Arteriographic run-off below the knee was excellent 
or good (grade 1) in 28 limbs, moderate (grade 2) in 
4 limbs and poor (grade 2) in one limb. In the remain- 
ing 14 limbs, an adequate contrast medium concentra- 
tion was difficult to achieve due to the severity of the 
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Table I: OPERATIVE PROCEDURES 
No. of limbs 
Procedure Group | Group 2 
Aorto-iliac endarterectomy 12 t 
Aorto-iliac endarterectomy and lumbar 4 I 
sympathectomy 
liac endarterectomy i 0 
Iliac endarterectomy and lumbar 1 1 
sympathectomy 
Aortofemoral bypass 12 18 
Aortofemoral bypass and lumbar 14 16 
sympathectomy 
Hiofemoral bypass 2 0 
Iliofemoral bypass and lumbar ! 3 
sympathectomy 
Femorofemoral bypass | 2 
Total 48 42 


Table H: THE EFFECT OF AORTO-ILIAC SURGERY 
ON THE ASP INDEX IN PATIENTS WITH ISOLATED 
AORTO-ILIAC DISEASE* 


Pre- index Index Index Index 
operative at at at at 
index | wk. 6 mth l yr 2 yr 
Claudicants 0-59 1-05 1-04 0-99 ]-04* 
(36 limbs) +0-03 +002 +002 .-002 -0-04 
Rest pain 0-43 0-96 1-06 1-02 0-971 
(11 limbs) +0-07 X004 +005 34004 +005 


Ali values are means -standard error. 
t No. = 24; t no. = 8. 


Table HI: THE EFFECT OF AORTO-ILIAC SURGERY 
ON THE ASP INDEX IN PATIENTS WITH COMBINED 
AORTO-ILIAC AND FEMOROPOPLITEAL DISEASE 


Pre- Index Index index. Index 
operative at at at at 
index 1 wk  6mth i yr 2 yr 
Claudicants 0-49 0-54 0-51 0-56 0-54* 
(21 limbs) 40-02 +003 +003 +001 -+005 
Rest pain 0-21 0-46 0-52 0:56 0-53* 


All values are means -standard error. 
t No. = 14; Duo. I2. 


proximal disease and run-off below the knee could not 
be adequately assessed. 

Before surgery the femoral pulse was absent in 30 
limbs and markedly reduced in the remainder (17 
limbs). Postoperatively a strong femoral pulse was 
palpable in all cases with the exception of the 2 
instances where irreversible graft occlusion occurred 
within the first 24 hours (see above). Ankle pulses 
which had been absent before surgery in 33 of the 
47 limbs were restored in all except 3 limbs, a success 
rate of 96 per cent. The failures occurred in the 3 
patients with early graft (2) or superficial femoral 
artery (1) occlusion. In 3 instances pedal pulses 
disappeared after the first 12 months, presumably as a 
result of progressive disease in vessels below the knee 
(the femoral and popliteal pulses were still readily 
palpable). 

After reconstruction, a marked increase in the 
ASP index was evident in all cases except those with 
immediate graft failure (2) or superficial femoral 
artery occlusion (1) and these 3 have not been 
included in the postoperative analysis. Among 
claudicants (36 limbs) the mean preoperative ASP 
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Group | Group 2 
(47 limbs) (42 limbs) 

] | l Ni 

Claudication relief 957. 3895 

Rest pain relief 10097 8322 

Early 

postoperative occlusion yA 5% 

Pedal pulses 

restored 96%, 6% 

ASP index 

Claudicants 0:59 1-05 0-49...0-54 

Rest pain Q-43—0-96 0-21-0-46 


Fig. 1. With response to aorto-iliac surgery: a comparison 
of patients with aorto-iliac disease alone and those with 
combined aorto-iliac and femoropopliteal disease. 


Table IV: THE RELATIONSHIP BETWEEN ARTERIO- 
GRAPHIC RUN-OFF AND CLINICAL RESPONSE IN 
PATIENTS WITH COMBINED AORTO-ILIAC AND 
FEMOROPOPLITEAL DISEASE 


Good response Poor response Total 

Run-off to surgery* to surgery limbs 
Grade 1 7 10 17 
Grade 2 4 3 ri 
Grade 3 2 3 7 
Unknown 2 6 8 


ida asi RR RE Rn EIER RE pee 
*A good response denotes complete or substantial relief of 
claudication whether present alone or in association with 

rest pain. À poor response denotes a small improvement 
onlv, no change or deterioration, in claudication distance 
under the same circumstances. 


index was 0-594 0-03. At the end of the first post- 
operative week this value had risen to 1-05 + 0-02 (34 
limbs), which represents a highly significant increase 
(P « 0:001). Subsequent values for the ASP index were 
maintained at this high level throughout the follow-up 
period (Table II). The preoperative ASP index in the 
11 limbs with rest pain was 0-43 + 0-07. At the end of 
the first postoperative week the mean index (10 limbs) 
had increased to 0-96 0-04 (P 0-001). As with the 
claudicants, the value of the ASP index remained 
consistently elevated throughout the follow-up period. 


Group 2: Occluded superficial femoral artery 
In 33 patients (42 limbs), aorto-iliac surgery was 
undertaken in the presence of occlusive disease in the 


superficial femoral as well as the aorto-iliac segment 
(Table I). Three patients died immediately after 
surgery owing to either a cerebrovascular accident 
(2) or mesenteric infarction (1)—an operative 
mortality rate of 9 per cent. The remaining 39 limbs 
were available for follow-up study. Severe claudica- 
tion was the sole presenting feature in 21 limbs. 
Complete claudication relief was achieved in 2 cases 
while a substantial improvement was evident in a 
further 7 cases, an overall success rate of 43 per cent. 
In one instance there was a gradual deterioration 
after 18 months so that the final success rate was 38 
per cent among claudicants with dual occlusive 
disease. In most of the successful cases a period of 
6-12 months was required before the full response 
was achieved. In 10 cases claudication remained 
unaltered (7) or was improved to only a small extent 
(3), despite apparently adequate profunda revascula- 
rization. Three of these poor results subsequently 
underwent femoropopliteal grafting with full relief of 
all symptoms. In 2 instances the limb was worse after 
aortoprofunda reconstruction with precipitation of 
rest pain and shortening of the claudication distance. 
An above-knee amputation was ultimately required 
in both instances. There were 2 cases of early post- 
operative graft occlusion among claudicants, both 
due to technical errors. In the remaining cases, how- 
ever, there was no obvious explanation for the 
disappointing result. 

Rest pain was the presenting feature in 18 limbs, all 
of which had additional claudication. Digital gangrene 
was present in 4 of these cases and ulceration in 
2 limbs. Following surgery, rest pain was abolished 
in 15 limbs (83 per cent). In 3 patients, local 
amputation for digital gangrene was carried out 10 
days after surgery and in all cases prompt healing of 
the amputation sites occurred under cover of the 
improved blood supply. Relief of claudication as well 
as rest pain was achieved in only 6 limbs (33 per cent), 
the remainder suffering a persistent limitation in their 
walking capability. There were no instances of early 
graft failure among patients with rest pain, so that 
the overall early occlusion rate in the 39 limbs with 
combined disease was 5 per cent (cf. group 1). 
Aortoprofunda reconstruction failed to relieve rest 
pain in 3 patients (17 per cent); an above-knee 
amputation was required in the immediate post- 
operative period in 2 of these cases while a femoro- 
popliteal graft saved the limb in the third instance. 

Lumbar sympathectomy was carried out at the 
time of reconstruction in 18 of the 42 limbs in this 
group. An association between additional sympa- 
thectomy and a successful clinical outcome was 
sought but none could be established among either 
claudicants or those with rest pain. Numbers in each 
run-off grade (see below) were too small to permit 
comment on the possible merits of additional sympa- 
thectomy in relation to disease in the below-knee 
vessels. 

The arteriographic run-off below the knee was 
excellent or good (grade 1) in 17 limbs, moderate 
(grade 2) in 7 limbs and poor (grade 3) in 7 limbs. In 
the remainder (8) an adequate assessment of the run- 
off was impossible because of low concentration of 
contrast medium in the distal arterial tree. There was no 
significant association between the state of the below- 
knee vessels and the clinical outcome, though 
claudicants with a grade 3 run-off fared less well than 


those in other grades (Table IV). This was no more 
than a trend, however, and even among claudicants 
with a good distal tree there were more relative 
failures than successes. 

The femoral pulse was absent preoperatively in 24 
limbs and markedly reduced in the remainder (15 
limbs). Reconstruction restored a strong pulse to the 
groin in all cases except for the 2 instances of early 
graft occlusion. Ankle pulses which had been absent 
before surgery in 37 of the 39 limbs were restored in 
only 2 limbs, a success rate of 6 per cent. The mean 
preoperative ASP index among claudicants (21 limbs) 
was 0-49 + 0-02. There was little change in this index 
after surgery, the mean value at 1 week being 0-54 + 
0-03 (19 limbs). (The 2 cases with immediate post- 
operative graft occlusion have not been included in 
this postoperative analysis.) Similar values were 
recorded throughout the follow-up period (Table HI) 
and at no time was there any significant difference 
between pre- and postoperative index values. In a 
few individual instances the ASP index did increase 
after surgery, but there was no association between 
this response and the clinical outcome. The absolute 
values of the mean postoperative index as well as the 
mean response to surgery were significantly smaller 
(P « 0-001) than those observed in claudicants with a 
patent superficial femoral artery. Among patients 
with rest pain the mean preoperative index was 0-21 + 
0-03 (18 limbs), and this increased to 0-46 + 0-03 at the 
end of the first postoperative week (P«0-001). 
Similar values were recorded throughout the follow-up 
period (Table III). In the 3 unsuccessful cases where 
rest pain was not relieved, there was no significant 
change in the ASP index. The absolute values of the 
postoperative index and the mean response to surgery 
were significantly smaller (P « 0-001) than in patients 
with rest pain and a patent infra-inguinal tree. Fig. 1 
summarizes the main clinical and haemodynamic 
differences between patients in group 1 and group 2. 


Discussion 

The present results indicate that patients with 
combined aorto-iliac and femoropopliteal disease fare 
less well after aorto-iliac surgery than those with 
proximal disease alone. In the latter group intermittent 
claudication was completely or substantially relieved 
in 86 per cent of cases and rest pain in all cases. 
Reconstruction in the presence of a patent profunda 
only, on the other hand, produced effective claudica- 
tion relief in only 38 per cent of cases. In addition, 
although rest pain relief was achieved in nearly all 
the severely ischaemic limbs with dual occlusion, 
most had residual claudication. The relative failure of 
profunda revascularization to relieve claudication in 
this series agrees with our observations for profunda- 
plasty in isolated femoropopliteal disease (Ward and 
Morris Jones, 1977), and suggests that particularly 
stringent criteria should be applied to the selection of 
claudicants for aorto-iliac surgery when there is 
coexistent disease in the femoropopliteal trunk. 
Others, however, have claimed good results among 
claudicants following both supra- and infra-inguinal 
profunda reconstruction (Morris et al, 1961; 
Wesolowski et al., 1966; Martin and Jamieson, 1974). 
The discrepancy between these reports and the 
present findings is difficult to explain. Patients are 
often reluctant to report an unsatisfactory result to 
their attendant surgeon, particularly in the early 
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months after operation, and we have found an 
independent, relatively late assessment more accurate 
in this respect. In addition, our criteria for success 
among claudicants may be more stringent than in 
previous reports. 

In 3 patients with combined disease, residual 
claudication was so troublesome that a femoro- 
popliteal bypass was inserted within a few months of 
aortoprofunda surgery. Complete relief was achieved 
following this additional procedure in all 3 cases. This 
type of two-stage procedure probably represents a 
safer approach than aortoprofundopopliteal grafting 
at one sitting since the failure rate of such extensive 
grafts is greater (Benson et al, 1966) and there is 
always a chance that claudication may be relieved by 
proximal reconstruction alone. A reduced run-off 
associated with superficial femoral artery occlusion 
might be thought an added indication for femoro- 
popliteal grafting at the time of the proximal recon- 
struction in order to keep the latter patent. However, 
this argument is not supported by the present evidence 
since the early postoperative graft occlusion rates 
were very similar in groups 1 and 2. 

The variable nature of the response among claudi- 
cants with dual occlusive disease is difficult to explain. 
Cotton and Roberts (1975) have suggested that the 
state of the run-off below the knee may influence the 
results of profunda reconstruction. Although claudi- 
cants with a grade 3 run-off were associated with a 
particularly poor response in the present series, this 
trend was not of statistical significance and we have 
so far been unable to confirm the earlier observations 
of Cotton and Roberts (1975) with regard to either 
supra-inguinal or infra-inguinal (Ward and Morris- 
Jones, 1977) profunda surgery. An alternative factor 
may be the variable extent to which collateral anasto- 
moses develop between the terminal branches of the 
profunda and distal femoropopliteal trunk 
(Strandness, 1970). Such a process of collateral 
development would perhaps explain the slow improve- 
ment with time noted in some of our claudicants. The 
preoperative assessment of profunda collaterals, not 
surprisingly, has been unrewarding and we have, as 
yet, no means of distinguishing patients who will have 
significant claudication relief following profunda 
surgery from those who will remain unimproved. 

The results of profunda revascularization in terms 
of rest pain relief were much more satisfactory. 
Fifteen of the 18 patients (83 per cent) had effective 
relief with healing of ischaemic ulceration and local 
amputation sites. These patients would otherwise 
have faced a major amputation and aortoprofunda 
reconstruction appears to be well worth while as a 
limb salvage procedure. Others have also testified to 
the effectiveness of aortoprofunda surgery in this 
situation (Leeds and Gilfillan, 1961; Strandness, 
1970; Hill and Jamieson, 1977). Most of these patients 
with severe ischaemia had residual claudication after 
surgery but this was considered to be a relatively 
unimportant defect compared with the alternative 
prospect of loss of the limb. 

Lumbar sympathectomy was carried out at the 
time of reconstruction in 42 per cent of group 1 and 
43 per cent of group 2 cases. This procedure did not 
appear to confer any additional benefit either among 
claudicants or those with rest pain. Sympathectomy 
has been advocated at the time of aorto-iliac surgery 
on the grounds that it may open up the distal arterial 
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tree, thereby increasing the flow rate through the 
reconstructed segment (Terry et al, 1970). Others, 
however, have claimed that flow rates are already 
maximal after a successful reconstruction and that 
sympathectomy is an unnecessary addition (Sumner 
and Folse, 1968; Strandness and Sumner, 1975). 
Clinical studies have also produced conflicting results 
(Cannon et al., 1961; Weismann and Upson, 1961), 
and although additional sympathectomy may be of 
value when there is significant disease in the below- 
knee vessels (Gillespie, 1973), the case for its wide- 
spread use in aorto-iliac surgery remains unproved 
(Szilagyi et al., 1967). 

The restoration rate for pedal pulses and the ankle 
systolic pressure response to surgery closely paralleled 
the clinical results. Patients with a patent infra- 
inguinal tree again fared better than those with dual 
occlusive disease. Pedal pulses were restored in 30 out 
of 33 limbs in patients with isolated aorto-iliac 
disease but in only 2 out of 37 limbs with coexistent 
superficial femoral disease. Similar results have been 
quoted by Strandness (1970), though most previous 
authors have claimed a higher restoration rate in the 
dual occlusive group (Morris et al., 1961; Martin et al., 
1968). After aorto-iliac reconstruction, the ASP index 
was restored to normal in patients with a patent 
superficial femoral artery. Claudicants and patients 
with rest pain behaved alike in this respect and high 
indices were maintained throughout the follow-up 
period. Aortoprofunda reconstruction, on the other 
hand, was accompanied by a much more limited 
response, and this has been observed in other series 
(Yao et al, 1972; Hill and Jamieson, 1977). Among 
claudicants with dual occlusive disease, the mean 
ASP index showed little change from the preoperative 
value and although a significant increase occurred in 
patients with rest pain, the response was incomplete 
and the mean postoperative index remained within 
the ischaemic range (Yao, 1970). These results suggest 
that the profunda femoris has important limitations 
as an artery of collateral supply from a haemo- 
dynamic as well as a clinical point of view. 
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Intestinal ischaemia associated with ileal 


carcinoid tumours 


M. J. SWORN, P. REASBECK AND ROSE BUCHANAN* 


SUMMARY 

A case of intestinal infarction due to multiple ileal 
carcinoid tumours is presented in which abdominal pain 
due to intestinal ischaemia was the first manifestation 
of the underlying tumour, It is postulated that intestinal 
ischaemia may be of more importance in the production 
of abdominal pain by carcinoid tumours than has been 
generally accepted, and that it is the result of functional 
and structural changes in and around the mesenteric 
blood vessels, caused by substances secreted by the 
carcinoid tumour. 


Since the first description of the carcinoid syndrome 
associated with argentaffin tumours of the intestine 
(Isler and Hedinger, 1953) the pathogenesis of the 
symptoms produced by these tumours has been 
extensively investigated. One of the most prominent 
manifestations of this tumour is abdominal pain. In 
some the pain is the result of small intestinal obstruc- 
tion (O'Shea and O'Reilly, 1966; McNeal, 1971; 
Melmon, 1974), but in many there is no evidence of 
obstruction (Moertel et al., 1961). Such episodes have 
been popularly called ‘carcinoid abdominal crises’; 
their aetiology is not clear, and according to Mengel 
(1965) they ‘mimic acute intra-abdominal crises’. 
There may be ‘severe acute, frequently cramping, 
abdominal pain. The abdomen may be board-like and 
rigid; however, bowel sounds are usually loud and 
signs of ileus are not present.’ 

A less well-known cause of abdominal pain in 
patients with small intestinal carcinoid tumours is 
ischaemic necrosis of the small bowel (Kowlessar 
et al., 1959). This complication usually carries a high 
mortality—and is often recognized only at post- 
mortem examination—in those patients already 
known to have the carcinoid syndrome (Murray-Lyon 
et al., 1973). 

In presenting this case of small intestinal infarction 
associated with ileal carcinoid tumours in a patient 
who remains alive and well following early surgical 
intervention, we wish to report that small intestinal 
carcinoid tumour may present initially as small 
intestinal infarction. We will also adduce evidence 
for an ischaemic aetiology for some of the cases of 
the enigmatic ‘carcinoid abdominal crises’ and 
suggest mechanisms by which carcinoid tumours may 
induce bowel ischaemia. 


Case report 

A 56-year-old man presented with a 2-day history of inter- 
mittent lower abdominal pain. There was no previous history 
of abdominal pain, flushing or diarrhoea. On examination his 
pulse rate and blood pressure were normal. His abdomen was 
soft with slight tenderness in the right iliac fossa. Investigation 
revealed a haemoglobin of 15 g/dl and a white cell count of 
16x 109/1. Abdominal X-rays showed a few small intestinal 
fluid levels but were not pathognomonic of obstruction. For 
3 days following admission he continued to suffer from 
progressively worsening attacks of severe abdominal pain, 
during which he became pale and clammy. There was, however, 
no change in his abdominal signs during these attacks and in 


particular no alteration in his bowel sounds. On the second day 
after admission a mass became palpable in the right iliac 
fossa and the following day laparatomy was performed. At 
operation approximately 90 cm of the distal ileum appeared 
discoloured and matted together to form the palpable mass. 
The terminal 45 cm of the ileum extending to within 5 cm of 
the ileocaecal valve was thickened and dark blue in colour. 
The mesentery opposite this segment of bowel felt fibrotic and 
contained a hard, irregular mass 4x 2:5 x 4cm approximately 
5 cm from the bowel wall in the region of the ileocolic artery. 
The ascending colon appeared ischaemic but the transverse and 
descending colon were obviously viable. Pulsation could not 
be felt in the ileocolic and right colic arteries, although good 
pulsation was evident in the middie colic artery. The liver 
appeared normal. After resection of 98 cm of ileum and 30 cm 
of caecum and ascending colon, he made an uneventful post- 
operative recovery. 

The resected ileum showed patchy ischaemic changes 
maximal in the terminal 45 cm where the bowel was gangrenous. 
There was no tumour visible on the serosal surface of the 
bowel, but on opening the bowel at 78 cm proximal to the 
ileocaecal valve, a submucosal button-shaped nodule 1 x 0-5 x 
1 cm with a yellow cut surface was seen. Close to the start of the 
gangrenous segment there was a further small nodule producing 
slight kinking of the wall at this point. Between these 2 tumours 
there were a further 11 similar but smaller lesions. The 
mesenteric mass was fibrous and partly calcified and the 
adjacent mesentery contained some enlarged white lymph 
nodes. Histologically the ileal nodules had the typical appear- 
ances of carcinoid tumours, with a variable fibro-elastic 
response. In the mesenteric mass there were small clumps of 
polyhedral cells with hyperchromatic nuclei lying in a dense 
fibrous stroma (Fig. 1). Within these tumour cells granules 
showing positive diazonium and argentaffin reactions were 
demonstrable. The stroma contained abundant calcium and had 
a hyalinized, glassy appearance with a strong affinity for Congo 
red, but with Weigert's staining this false-positive amyloid 
reaction was shown to be produced by large numbers of 
elastic fibres coursing through the stroma. Veins within the 
tumour mass showed permeation by tumour. Arteries passing 
through the periphery of the mesenteric mass showed thickened 
walls and there was a mild to moderate proliferation of elastic 
tissue in the adventitia and intima. Similar, but generally more 
severe, changes were present in arteries in the adjacent 
mesentery (Fig. 2) and one was occluded by recent thrombus. 
No vascular changes were evident in the region of the ileal 
tumours or in mesenteric vessels remote from the fibrous area. 


Discussion 

Abdominal pain is the initial symptom in most 
patients with small intestinal argentaffinomas (Moertel 
et al., 1961). In some patients this pain is the result of 
small intestinal obstruction caused by intrinsic 
kinking of the bowel at the site of thetumour (McNeal, 
1971), or by mesenteric fibrosis (Melmon, 1974). How- 
ever, in about 50 per cent of cases of abdominal pain 
in patients with intestinal carcinoid tumour, there is 
neither clinical nor radiological evidence of intestinal 
obstruction (Moertel et al, 1961). These episodes 
which mimic 'acute abdominal crises' have been 
termed ‘carcinoid abdominal crises’. Since a propor- 
tion have cramping abdominal pains and diarrhoea, 
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Fig. 1. Section of mesenteric mass showing clumps of 
polyhedral cells with hyperchromatic nuclei in a dense 
fibrous stoma. (HE. x 110.) 


Fig. 2. Artery from mesentery adjacent to mesenteric mass 
showing a thickened wall and moderate adventitial and 
intimal elastosis. (Weigart elastic stain. x27.) 


5-hydroxytryptamine, which increases small intestinal 
motility, has been implicated (Misiewicz et al., 1966), 
with possible contributory effects of bradykinin and 
prostaglandin secretion. However, despite the parox- 
ysmal nature of the attacks, elevation of free plasma 
5-hydroxytryptamine levels is rare (Isaac, 1973), and 
often there is no response to serotonin antagonists 
and antispasmodics (Mengel, 1965). 

The association of intestinal gangrene and metastatic 
carcinoid tumour was noted by Kowlessar et al. (1959), 
who thought that this was due to obstruction of venous 
drainage; while Dockerty (1963) attributed intestinal 
necrosis found in 4 of 209 cases of intestinal carcinoid 
to involvement of the superior mesenteric artery by 
tumour. This rarely recognized complication is not 
mentioned in several subsequent comprehensive 
reviews (Stewart et al., 1961; Wilson et al., 1963; 
Kuiper et al., 1970; Morgan et al., 1974; Godwin, 
1975; Zakariai et al., 1975), although occasional case 
reports have appeared (Murray-Lyon et al., 1973; 
Hartveit et al., 1974; Chapius and Weedon, 1976). 
Anthony and Drury (1970), however, reviewing con- 
secutive cases of ileal argentaffinoma at one hospital, 
noted elastic sclerosis of mesenteric vessels, similar 
to but apparently much more marked than in the 
vessels of our patient, in 17 of 25 cases. Five of these 
patients developed gangrene of the ileum and in a 
further 4 cases histological evidence of small intestinal 
ischaemia was evident. This suggests that mesenteric 
ischaemia may occur more frequently in association 


with intestinal carcinoid tumours than has hitherto 
been widely realized. 

The elastic mesenteric vascular changes described 
by Anthony (1970) were only noted in cases in which 
there was spread of tumour in the mesentery, and it 
was hence suggested that this vascular lesion may be 
caused by the local effect of substances secreted by 
the tumour with small bowel ischaemia as a conse- 
quence. These changes, however, do not appreciably 
narrow the blood vessels and do not in themselves 
seem sufficient to account for the gangrene. It seems 
more likely that restriction of blood flow due to the 
fibroelastotic mesenteric reaction (Murray-Lyon et al., 
1973) and functional changes induced by the release 
of vasoconstrictive substances from the tumour 
(Haddy, 1960) are as important if not more so. In 
this regard, it is pertinent that Raven (1977) drew 
attention to the local effect of serotinin—causing 
vasospasm of the mesenteric blood vessels—when the 
carcinoid-containing terminal ileum is resected, which 
may result in severe abdominal pain postoperatively. 

In addition, in Hartveit's case (Hartveit et al., 1974) 
there was thrombus in the superior mesenteric artery, 
and in the present case recent thrombus was evident 
in a small artery. This thrombosis could indeed be 
precipitated by a combination of the elastotic 
intimal changes, the direct effects of kinins on the 
endothelium analogous to their effects on the endo- 
cardium (Hallen, 1964) and spasm of large vessels 
(Haddy, 1960). The direct effect of mesenteric tumour 
on the blood supply, causing obstruction of venous 
drainage by venous permeation and compression of 
distal mesenteric arteries, should also be considered. 
Collateral circulation, however, is abundant at this 
site and it is generally accepted that even single lesions 
of major visceral arteries are an unlikely cause of 
abdominal complaints (British Medical Journal, 1977). 
The elastosis in and around the mesenteric blood 
vessels and, in this case, in the stroma of the mesenteric 
mass is none the less of great interest. Owing to its 
staining with Congo red, it may be misinterpreted as 
amyloid (Bernath, 1972); the pathogenesis of the 
reaction is unknown (Sandler, 1968). The origin of 
the elastic fibres, it is suggested from studies of 
carcinoid and other tumours, is induction of mesen- 
chymal cells, fibroblasts (Ranchod, 1977), mast cells 
(Clark and Bates, 1963) or possibly smooth muscle 
cells (Azzopardi and Laurini, 1974) by tumour 
secretions. 

The excess of elastic fibres outside the vessels as 
compared with media and intima may be a reflection 
of diffusion, there being a greater concentration of 
tumour secretions on the outside of the vessels. The 
calcification in the mesenteric mass is attributable to 
the known affinity of calcium salts for elastic tissue; 
indeed as long ago as 1940 Mallory noted sclerotic 
calcified nodules in the mesentery in association with 
small bowel carcinoid tumours. 

Whatever the pathogenesis of the intestinal 
ischaemia associated with ileal argentaffinomas, most 
reported instances have occurred in patients with 
relatively advanced metastatic disease (Moertel et al., 
1961; Anthony, 1970; Anthony and Drury, 1970). 
The patient we have described developed acute 
symptoms due to mesenteric ischaemia as the initial 
manifestation of his carcinoid tumour. This is the 
first documented case in which intestinal infarction 
has produced the initial symptoms; in previously 
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reported cases, the occurrence of mesenteric infarction 
has been preceded by other symptomatic manifesta- 
tions for periods varying from 6 months to several 
years (Moertel et al, 1961). The knowledge that 
intestinal ischaemia may be the cause of the initial 
abdominal pain caused by a carcinoid tumour of the 
ileum again raises the possibility that mesenteric 
ischaemia may be more important than has hitherto 
been realized in the production of symptoms by 
carcinoid tumours. Mesenteric ischaemia is well 
known to cause severe abdominal pain with relatively 
few physical signs (British Medical Journal, 1977). We 
suggest that intestinal ischaemia may be the explana- 
tion for some of the ‘abdominal crises’ of the carcinoid 
syndrome in which pain is severe, the abdomen may 
be rigid, but 'the bowel sounds are loud and the signs 
of ileus are not present’ (Mengel, 1965). This would 
clearly have important implications for the manage- 
ment of such crises. 
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Hepatocellular carcinoma associated with 


oral contraceptives 
N. MENZIES-GOW* 


SUMMARY 

A primary hepatic tumour occurred in a 36-year-old 
woman who had been taking oral contraceptives for 6 
years; she was treated by partial hepatectomy. The 
neoplasm had the characteristics of a well-differentiated 
hepatocellular carcinoma and the regional lymph nodes 
contained similar tumour. 


IN the past 3 years there have been regular reports of 
liver nodules in women taking oral contraceptives, 
and, while statistical proof of a relationship is still 
lacking, some relationship probably does exist. A 
particular feature of these neoplasms has been their 
extreme vascularity, and some have presented with 
haemoperitoneum from spontaneous rupture. Bein 
and Goldsmith (1977) report a case of recurrent 
massive haemorrhage from a benign liver tumour. 
This report describes a hepatocellular carcinoma 
complicated by anaemia and lactic acidosis. 


Case report 
A 36-year-old woman presented with a 2-month history of 
general malaise, weakness, dyspnoea and ankle oedema. For 
the previous 3 years she had been aware of an abdominal 
swelling which was symptomless and slowly increased in size. 
She had been taking Gynovlar 21 (norethisterone acetate 3 mg, 
ethinyloestradiol 50 ug) on a 21-day cycle for 6 years. The rest 
of the history was negative. 

Physical examination revealed anaemia, ankle oedema and 
a large, firm, smooth, mobile mass filling the upper two-thirds 
of the abdomen. The haemoglobin was 3:6/dl, MCV 113 fl and 
there were hypersegmented polymorphs among the white blood 
cells. The liver function tests were normal. Lactate dehydro- 
genase level was 1080 i.u./| and a-fetoprotein negative. 
Marrow examination confirmed a severe megaloblastic picture. 
Barium studies were normal. 

The anaemia was treated with vitamin B,. and folate 
supplements. However, the patient developed a chest infection 
which precipitated severe lactic acidosis with a pH of 6-99, 





Fig. 1. The resected hepatic tumour. Note the degenerate 
central area. 





Fig. 2. Photomicrograph showing the peripheral portion of 
the resected tumour surrounded by a hyalinized fibrous 
capsule. (HE. x 21.) 





Fig. 3. High-power view of the hepatocellular carcinoma 
showing vascular areas. (HE. x 51.) 
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Fig. 4. Photomicrograph showing the tumour inside a lymph 
node. (HE. x 51.) 
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lactic acid level of 15 mmol/l and base deficit of 27. At sub- 
sequent laparotomy the abdominal mass was found to be a 
vascular, solid tumour arising from the left lobe of the liver and 
part of the right lobe. There was also a tumour mass in the 
region of the coeliac axis. A partial hepatectomy and excision 
of the secondary mass were performed by the author on 9 
June 1976. The postoperative course was uneventful and the 
patient has remained well with no evidence of tumour recurrence. 


Pathology 
The partial hepatectomy specimen weighed 2800g and 
measured 25: 25x 20 cm. The outer surface was smooth and 
the cut surface reddish-brown with a degenerate white central 
area (Fig. 1). There were large vessels running over the surface. 
Microscopic examination showed the tumour to have a 
fibrous capsule and to be well demarcated from the surround- 
ing liver tissue, which was histologically normal (Fig. 2). The 
tumour was a well-differentiated liver cell carcinoma with 
highly vascular areas and evidence of vascular invasion (Fig. 3). 
The mass removed from the coeliac axis (Fig. 4) weighed 40 g 
and was composed of lymphatic tissue containing tumour 
MY the same as the hepatocellular carcinoma in the 
iver. 


Discussion | 

An association between hepatic tumours and the 
contraceptive pill was first suggested by Baum et al. 
(1973). These tumours are usually solitary and the 
nomenclature is confused, with apparently similar 
histological changes being variously described as 
adenomas, hamartomas or focal nodular hyperplasia 
(Mays et al., 1974). Sherlock (1975) emphasized their 
prominent vascularity and this was a feature in this 
case. 

The two hundred or so cases of benign hepatic 
tumours described in the past 4 years represent a 
striking increase in incidence, and most of the cases 
occurred in long term users of oral contraceptives 
(British Medical Journal, 1977). In 42 women with 
liver cell adenoma, oral contraceptives had neen used 
for substantially longer than in matched controls 
(Edmondson et al, 1976), and in this series the 
relative risk rose dramatically with duration of use. 
All the patients had used mestranol-containing 
compounds. Mestranol is metabolized in the liver to 
ethinyloestradiol. 

There has been a recent report of liver cell carcinoma 
occurring in women taking the contraceptive pill 
(Mays et al., 1976). Davis et al. (1975) reported a case 
of a highly vascular hepatocellular carcinoma in a 
woman who had been taking Volidan (megestrol 
acetate 4 mg, ethinyloestradiol 50 ug) for contra- 
ception continuously for 2 years. 

The extent of the risk is not known, but is presum- 
ably very small (British Medical Journal, 1975; Lancet, 
1975). The potential of hepatic adenomas to undergo 
malignant change is not known. 

This report records another malignant tumour 
associated with the contraceptive pill and is the first 
with histological evidence of secondary spread. No 
causal link between oral contraceptives and liver 
tumours has yet been proved. Whether oral contra- 
ceptives are carcinogenic in the doses administered to 
humans remains to be established. Experimental 
studies have shown that synthetic oestrogens and 
progestogens have a dose-related oncogenic effect 
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on the livers of rats and mice, though the dose 
administered in this work has been many times the 
human contraceptive dose (Committee on Safety of 
Medicines, 1975). The patient who had the first 
reported multifocal tumour associated with oral 
contraception had been taking four times the normal 
contraceptive dose to control intractable uterine 
bleeding (British Medical Journal, 1975). Tumours 
similar to those associated with the contraceptive pill 
have been reported in late pregnancy and early post 
partum, again suggesting that high oestrogen con- 
centration may be important in their pathogenesis. 
There is also an association between liver tumours and 
the use of orally active anabolic steroids. Like the 
synthetic progestagens used in oral contraceptives, the 
orally active anabolic steroids are C17-substituted 
19-nor-steroids and have varied effects on the liver 
including neoplasia (Lancet, 1973). Johnson et al. 
(1972) report that 4 patients treated with androgenic 
anabolic steroids over long periods developed hepato- 
cellular carcinoma. 

In view of the millions of women who have been 
taking the contraceptive pill over the past 20 years the 
risk must be extremely small. However, now that the 
clinical association with tumour formation has been 
described, more cases are likely to be reported. 
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Abdominal apoplexy 


I. M. STEVENSON, A. O. MANSFIELD AND J. G. TEMPLE* 


SUMMARY 

Two cases of the rare condition of abdominal apoplexy 
are described. The two main clinical presentations of 
this condition are discussed as is the aetiology. It is 
suggested that selective visceral angiography might 
prove helpful in preoperative diagnosis. 


ABDOMINAL apoplexy implies a massive, spontaneous 
retroperitoneal or intraperitoneal haemorrhage. The 
condition arises in the absence of any obvious 
precipitating factors such as trauma or a generalized 
pathological process. The term ‘apoplexy’ is apt 
because the condition is akin to the more common 
cerebral counterpart. There is no doubt that this 
condition is very rare, and there have been only 
sporadic reports in the literature. The diagnosis 
usually presents a considerable preoperative and 
intraoperative dilemma. We report here 2 further cases, 
of which several aspects are worthy of comment. 


Case reports 

Case 1: A 39-year-old man was referred by his family doctor 
to hospital because of a 10-day history of constipation, lower 
abdominal pain and intermittent bleeding from the anus. There 
had been no previous alteration in bowel habit. On examina- 
tion he looked unwel; he had a slight fever, but his blood 
pressure was 130/80 mmHg and his pulse was 88/min. The 
abdomen was slightly distended with some tenderness and 
guarding in the left iliac fossa, but there was no mass palpable. 
Rectal examination produced blood on the examining finger. 
The initial diagnosis was one of bleeding from an acute 
exacerbation of diverticular disease of the pelvic colon. His 
haemoglobin level was 11-2 g/dl and his white cell count 
7T-0x IQ*/I. A plain X-ray of the abdomen showed some 
calcification along the line of the aorta, but no other abnor- 
mality. He was observed over the course of the next few days 
and on the sixth day he suddenly became shocked with tachy- 
cardia and hypotension. The haemoglobin level had fallen to 
8-4Ag/dl and there had been some increase in abdominal 
distension and tenderness. However, there had been no further 
overt bleeding from the gastrointestinal tract. It was realized 
that he had suffered a major intra-abdominal haemorrhage 
and, following resuscitation, laparotomy was undertaken 
through a left paramedian incision. A pulsatile mass 7 cm in 
diameter was found overlying the bifurcation of the aorta. The 
peritoneal cavity contained free blood and there was a large 
retroperitoneal haematoma. The initial impression was of a 
ruptured aortic aneurysm with an aortointestinal fistula; the 
aorta was therefore cross-clamped. The actual source of the 
bleeding was then found to be the inferior mesenteric artery, 
which had ruptured. The pelvic colon was ischaemic over a 
distance of 10 cm adjacent to the mass. A false aneurysm had 
formed between the leaves of the pelvic mesocolon and this 
had ultimately ruptured into both the colon and the peritoneal 
cavity (Fig. 1). 

The proximal end of the inferior mesenteric artery was 
ligated and 20cm of ischaemic pelvic colon were resected. 
Continuity was restored by end-to-end anastomosis. A loop 
transverse colostomy was performed and the abdomen closed. 
Postoperative recovery was uneventful and the colostomy was 
closed at a later date. This patient has now been followed up 
for over 5 years and has remained in good health. 


Pathological findings 
The resected portion of colon was found to be infarcted along 
its mesenteric attachment and this was thought to be due to 






erosion into it of the false aneurysm which had formed between 
the leaves of the mesocolon. There was a communication 
between the false aneurysm and the intestinal lumen, but there 
was no intrinsic disease of the colon. Histological examination 
of the inferior mesenteric artery showed it to be quite 
arteriosclerotic. 
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Fig. 1. Findings at operation. 


Case 2: A 39-year-old man presented to the accident and 
emergency department of a local hospital complaining of 
lower abdominal pain. Many years previously he had been 
noted to have von Recklinghausen's neurofibromatosis, and he 
had many of the stigmas of this disease, particularly cutaneous 
neurofibromas, café-au-lait pigmentation of the skin and gross 
kyphoscoliosis. He was admitted for observation but his 
general condition was found to be entirely satisfactory and he 
was discharged home the following day, although he still 
complained of some lower abdominal pain. A week later he 
was readmitted complaining of further abdominal pain and 
once again he was not found to be shocked and his general 
condition was quite stable. This time he was observed for a 
longer period and 36h after this admission he suddenly 
became shocked with a rising pulse and a falling blood pressure. 
Abdominal distension had developed over the course of the 
previous few hours and it was considered that he had suffered 
a major intra-abdominal haemorrhage. 
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Laparotomy was undertaken after resuscitation. The 
peritoneal cavity was found to be filled with a large quantity 
of fresh and clotted blood. This was removed and a very 
thorough search made for the source of the bleeding. The liver 
and spleen were intact and no pathology to either the small or 
large bowel could be seen, No lesion could be found despite a 
lengthy search, but it was noted at the time that there appeared 
to be a haematoma in the root of the mesocolon. This was not 
disturbed. A large sump drain was placed in the peritoneal 
cavity and the abdomen closed. The patient made a good 
postoperative recovery over the course of the next 6 days but 
on the seventh postoperative day fresh blood started issuing 
from the sump drain. He was referred for visceral angiography. 
On arrival, although he was not shocked, he had a pulse rate 
of 120/min and fresh blood was seen to be issuing freely from 
the sump drain site. His abdomen was slightly distended and 
there was some generalized tenderness. Immediate laparotomy 
was undertaken. Once again a large quantity of fresh and old 
blood was found throughout the peritoneal cavity. A careful 
search of all the viscera did not reveal any obvious abnor- 
mality other than the previously noted haematoma in the root 
of the mesocolon, which had now spread extensively from this 
site between the leaves of the mesentery of the small bowel and 
up behind the peritoneum of the lesser sac. A diagnosis of a 
major retroperitoneal haemorrhage was therefore made and 
the root of the mesocolon was incised to expose the haema- 
toma. A considerable quantity of blood was removed from this 
site, One or two small bleeding vessels were found and ligated, 
but no obvious major bleeding vessel could be seen. After a 
careful search it was realized that the haemorrhage had in fact 
stopped completely and therefore a corrugated drain was laid 
down to the site of the haematoma and the abdomen was 
closed. The patient made an uninterrupted recovery and 
was eventually discharged home well. He has now been 
followed up uneventfully for 6 months and has now been 
discharged completely. 


Discussion 

The term abdominal apoplexy denotes spontaneous 
rupture of one of the splanchnic vessels with bleeding 
between the leaves of the mesentery or into the peri- 
toneal cavity. It is an uncommon condition. The 
above definition excludes such causes of intra- 
abdominal haemorrhage as ruptured tubal pregnancy, 
spontaneous rupture of the liver, kidney or spleen and 
leaking aortic aneurysm. 

Tanna (1947), in an analysis of 35 cases, found that 
affected males exceeded females in a ratio of 2:5 : 1 
and that the age distribution was from 27 to 83 years, 
with a mean of 55-5 years. 

The aetiology of abdominal apoplexy appears to be 
somewhat varied. A combination of hypertension and 
arteriosclerosis is not an uncommon cause (Cushman 
and Kilgore, 1941; Brewer and Marcus, 1948; 
Watkins, 1962). Watkins noted hypertension to be 
associated with a mortality of about 50 per cent as 
compared with an overall mortality of 30 per cent. 
Splanchnic artery aneurysms appear to be the other 
main predisposing factor to abdominal apoplexy. 
Bruce (1937) suggested that in the younger normo- 
tensive patient with abdominal apoplexy, rupture of a 
congenital miliary aneurysm at a 'junctional area' 
might be responsible. In support of this Shallow et al. 
(1946) demonstrated muscle coat defects in the 
inferior pancreaticoduodenal artery at a bifurcation 
point associated with rupture of a saccular aneurysm. 
Stanley et al. (1970), in a review of splanchnic artery 
aneurysms, found the splenic artery to be most 
commonly involved. Medial degeneration appeared 
to be the usual factor in the aneurysm formation and 
this process appeared to be related to multiparity, 
splenic artery aneurysms being more common in 
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females. Actual rupture of a splenic artery aneurysm 
during pregnancy giving rise to abdominal apoplexy 
is also well documented (Sherlock and Learmonth, 
1942; Pedowitz and Perrell, 1957; Hanna and Myles, 
1964). Alternatively, splanchnic artery aneurysms may 
be mycotic in nature (Guida and Moore, 1966). Woods 
et al. (1968) have also reported rupture of an 
aneurysmal branch of the middle colic artery due to 
polyarteritis nodosa. Finally, the occasional case has 
been reported in which the source of the bleeding is 
venous in nature (Watkins, 1962). 

Presentation. of the condition can broadly be 
divided into two groups. In the first group the initial 
haemorrhage is not wholly contained between the 
leaves of the mesentery, and the acute presentation 
is within a few hours of the onset of symptoms 
(Martorell, 1963; Cormier et al., 1969). These patients 
exhibit signs of acute shock, peritonism and a vague 
pulsatile abdominal mass may be palpable. A major 
differential diagnosis in these cases is obviously that 
of a leaking aortic aneurysm, and indeed on encounter- 
ing the pulsatile haematoma at laparotomy, it may 
be some time before the true state of affairs becomes 
apparent. In the second group of patients the haema- 
toma is retained within the leaves of the mesentery 
and the acute symptoms are delayed for a period of 
some days, as evidenced by the above 2 cases reported 
here. Indeed, in the case in which a false aneurysmal 
sac had formed, the acute onset was delayed until the 
sixteenth day. This group often exhibits a gradual 
onset of abdominal pain, frequently punctuated by 
acute attacks of pain in which a shock-like state may 
develop. Due to the slowly developing abdominal 
signs, such differential diagnoses as diverticular mass, 
appendicitis and intestinal obstruction may be 
entertained. 

Locating the site of the bleeding may present 
problems at operation. Although spontaneous haemor- 
rhage has been reported from the superior mesenteric 
artery for example (Martorell, 1963), the inferior 
mesenteric artery (Cormier et al, 1969), the 
right colic artery (Darling, 1950), the left gastric 
artery (Moorhead and McLester, 1936), the gastro- 
duodenal and left gastroepiploic arteries (Hartley and 
McKechne, 1934), many cases are documented in 
which the precise bleeding point has not been located 
(Brewer and Marcus, 1948; Watkins, 1962; Browne 
and Glashan, 1965). Case 2 presented such a problem. 
Watkins found that in the group in which the bleeding 
point was not located the mortality approached 50 
per cent. 

Preoperative diagnosis of the condition is extremely 
difficult. In the acute presentation, both the gross 
signs of intra-abdominal haemorrhage and the 
probable assumption that one is managing a case of 
leaking aortic aneurysm will lead to rapid resuscita- 
tion followed by laparotomy, thus precluding any 
detailed investigations. When the condition presents 
with a more gradual onset, however, provided it is 
entertained in a differential diagnosis, selective visceral 
angiography could prove of extreme value, both by 
confirming the diagnosis and by localizing the source of 
the haemorrhage. As a result surgical intervention may 
be more rapid and, at the same time, accurate location 
of the bleeding vessel will be achieved. This latter 
point is of considerable significance when one con- 
siders the 50 per cent mortality associated with those 
cases in which no bleeding point is located. 
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I. R. GOUGH AND R. W. STRONG* 


SUMMARY 

Seven patients with abdominal apoplexy have been 
treated between 1975 and 1977 and their clinical 
features and management are reviewed. Accurate 
preoperative diagnosis is difficult but the condition 
should be considered in patients with abdominal pain 
and vomiting or diarrhoea who have signs of shock, 
peritonism or a falling haemoglobin level. Urgent 
laparotomy to identify and ligate the bleeding artery 
offers the best chance of survival. 


ABDOMINAL apoplexy is the term applied to the 
spontaneous rupture of an intra-abdominal artery in 
the absence of an aneurysm or direct trauma. The 
haemorrhage produces an abdominal emergency of 
varying severity. Initially there is retroperitoneal 
haemorrhage from  splanchnic vessels and this 
produces a non-specific clinical picture. Subsequently 
the retroperitoneal haematoma may rupture into the 
peritoneal cavity with concomitant catastrophic 
deterioration. The condition is rare and preoperative 
diagnosis difficult, and this may account for the 
relatively high proportion of previously reported 
cases which have been diagnosed only at post- 
mortem. 

We have treated 7 patients with abdominal 
apoplexy at Princess Alexandra Hospital in the 3-year 
period 1975-7 and this is the largest reported 
individual experience. On the basis of our experience 
we would like to draw attention to the clinical features 
which should lead to consideration of the diagnosis 
and to emphasize the essential feature of management 
—urgent laparotomy to ligate the bleeding artery. 


Patients and methods 

Details of the patients with their clinical features, operative 
findings and progress are recorded in Table J. The patients 
were aged 33-74 with an average age of 55 years. There were 
4 males and 3 females. Four patients were hypertensive and 
3 normotensive. 

At presentation all of the patients complained of abdominal 
pain and either vomiting or diarrhoea. None had back pain. 
In Cases 1—4 several days of illness culminated in a sudden 
severe exacerbation of abdominal pain with associated hypo- 
volaemic shock. In these patients the preoperative diagnoses 
were: haemoperitoneum (Case 1), retroperitoneal haemorrhage 
(Case 2) and perforated hollow viscus (Cases 3 and 4). At 
laparotomy, in addition to retroperitoneal haemorrhage, 
haemoperitoneum was present in all 4. In Cases 5-7, who had 
no catastrophic deterioration, operation was prompted by 
persistent abdominal signs and falling haemoglobin levels, but 
in none was the correct preoperative diagnosis made. 

All patients underwent a laparotomy; in 5 patients the 
bleeding vessel was identified and ligated and all survived the 
operation, although Case 4, who was an alcoholic, died 1 
month later from pancreatitis which was not present at the 
original operation. In 2 patients the vessel was not identified; 
Case 6 died 2 days after laparotomy and post-mortem was not 
performed and Case 7 survived operation but died 3 months 
later from pancreatitis which also had not been present at the 
original laparotomy. 

Fig. 1 illustrates the false aneurysm at the site of rupture of 
the left colic artery in Case 2. Microscopically there was no 
atheroma or cystic medial necrosis or any other pathological 
lesion to explain the spontaneous rupture of the arterial 
wall. 
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Fig. 1. Case 2. Left colic artery. There is rupture of the wall 
of the artery in an area which shows no underlying 
pathological process. A false aneurysm containing blood clot 
has been formed around the vessel. ( x 75.) 


Discussion 

Abdominal apoplexy was discussed by Kleinsasser in 
1970 and his review of published cases augmented 
those collected by Browne and Glashan (1965) and 
Carter and Gosney (1966). The age range of 83 
reported cases (Kleinsasser, 1970) was 2-84, with a 
maximum incidence between 50 and 59 years. The 
male : female ratio was 46 : 37 and hypertension was 
present in 33 cases (39:8 per cent). Our patients are 
consistent with this pattern. 

Browne and Glashan (1965) noted that abdominal 
pain was nearly always present and that vomiting and 
diarrhoea were common. This is confirmed by our 
present series. In two-thirds of the reported cases 
(Kleinsasser, 1970) the duration of illness was less 
than 24 h, but our patients, in contrast, all had longer 
illnesses, the initial manifestations of the retro- 
peritoneal haemorrhage persisting for several days 
before evidence of recurrent haemorrhage or sudden 
rupture of the haematoma into the peritoneal cavity 
prompted emergency laparotomy. 

Nineteen of the reported cases (Kleinsasser, 1970; 
Faris, 1971) have been diagnosed only at post-mortem, 
implying that non-operative treatment offers little 
chance of survival. 

Sixty-six of 83 patients (Kleinsasser, 1970) under- 
went laparotomy. Of 35 in whom the bleeding site was 
identified and dealt with, 32 survived and 3 died, a 
mortality rate of 8:6 per cent. Of 31 in whom no 
bleeding site could be identified, 14 survived and 17 
died, a mortality rate of 54-8 per cent. The operative 
mortality of the 66 patients was 30:3 per cent and 
for the whole series of 83 patients was 44:6 per cent. 

The vessel which ruptures has usually been reported 
to be a second or third order branch of the abdominal 
aorta, such as the right or left gastric, middle or left 
colic, or pancreaticoduodenal artery, and this was the 
pattern in our patients. The aetiology of abdominal 
apoplexy has been reviewed by Dvorak and Gazzaniga 
(1969) and Kleinsasser (1970), and although atheroma, 
cystic medial necrosis, dissecting aneurysms and 
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Table I: CLINICAL DATA OF 7 PATIENTS WITH ABDOMINAL APOPLEXY 
Duration 
Case Age Hyper- of iliness 
no. Sex (vr) tension (d) Symptoms 
] M 69 Yes 3 Abdominal pain, 
vomiting 
2 F 54 Yes 8 Abdominal pain, 
vomiting, diarrhoea 
3 M 62 No 5 Abdominal pain, 
vomiting, diarrhoea 
4 F 57 No 3 Abdominal pain, 
vomiting 
5 F 48 No 3 Abdominal pain, 
diarrhoea 
6 M 74 Yes 7 Abdominal pain, 
vomiting 
7 M 33 Yes 11 Abdominal pain, 


vomiting 


Hb, Haemoglobin in g/dl; L/RUQ, left/right upper quadrant. 


microaneurysms have been reported, they are not 
found consistently. Rupture of intra-abdominal 
arterial aneurysms presents similar clinical problems 
but is a separate pathological entity. There appears to 
be an association with hypertension and there may be 
a defect in the media of the artery, but the exact 
nature of the vascular pathology remains unknown. 

In haemophilia, retroperitoneal haemorrhage is 
relatively common, particularly into the psoas sheath. 
Similar retroperitoneal haemorrhage complicating 
anticoagulant therapy (Curry and Bacon, 1974) may 
occur from intramuscular low pressure vessels such 
as small veins, and because it will usually stop when 
anticoagulation is reversed, it can be managed con- 
servatively. This complication is not uncommon in our 
experience of patients undergoing haemodialysis for 
chronic renal failure and is quite distinct from 
abdominal apoplexy where the haemorrhage occurs 
from major arteries and requires surgical correction. 

At laparotomy the aim is to identify and ligate the 
bleeding vessel. Ligation of the vessel is usually all 
that is necessary and the viability of the bowel is 
rarely compromised. If there is a haemoperitoneum 
it should be evacuated rapidly and the retroperitoneal 
haematoma thoroughly explored. The bleeding vessel 
is most likely to be found at the site of maximum 
haematoma. As mentioned previously, there are 
certain arteries which are known to rupture spon- 
taneously and these should be examined carefully. 
Sometimes there may be a false aneurysm at the site 
of rupture. The bleeding may not be evident if the 
patient is hypovolaemic, and restoration of an 
adequate blood pressure may aid localization by 
promoting a recurrence of bleeding. It is clearly 
important that this be done during the operation 
because postoperative rebleeding carries a poor 
prognosis. If the bleeding vessel cannot be identified 
despite evacuation of the haematoma and a meticulous 
search, consideration should be given to intra- 
operative coeliac and superior mesenteric arterio- 
graphy (Spanos et al, 1974). If this is impractical, 
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suction drainage of the area and postoperative 
arteriography may be helpful in localizing the source 
of haemorrhage should rebleeding occur and repeat 
laparotomy be indicated. 

Our experience of 7 cases of abdominal apoplexy 
in 3 years is the largest series collected at a single 
hospital and we are aware of 3 other cases diagnosed 
at laparotomy elsewhere in Brisbane in the past 10 
years. The condition may not be as rare as is generally 
believed. Lack of familiarity with the condition of 
abdominal apoplexy was probably responsible for the 
delay in diagnosis and action which resulted in many 
of the reported cases being discovered only at post- 
mortem. Symptoms of abdominal pain and vomiting 
or diarrhoea, with signs of shock, peritonism or 
falling haemoglobin levels, should prompt considera- 
tion of the diagnosis. There may be a place for arterio- 
graphy but the urgent priority is for laparotomy at 
which a meticulous search for the bleeding vessel is 
essential. Ligation of the bleeding artery offers the 
best chance of survival. 
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Roux diversion for bile reflux following gastric surgery 
TERENCE KENNEDY AND ROGER GREEN* 


SUMMARY 

Regurgitation of bile into the stomach after gastric 
surgery often causes severe and distressing symptoms, 
though the onset may be delayed for some years. We 
have used a Roux loop diversion as a secondary 
procedure for bile reflux in 36 patients, making the 
anastomosis from 18 to 40 cm below the stomach. 
There were no deaths and the clinical results were good 
in 20 of 27 patients followed up from 1 to 10 vears. 
Vagotomy was omitted in 13 patients, 2 of whom 
subsequently developed jejunal ulceration. One patient 
developed an unexplained gastric ulcer and 2 operations 
failed because the loop was too short. The optimum 
length may well be 40 cm and vagotomy should be 
added in all cases. In 3 patients with associated 
dumping the upper 10 cm of the Roux loop was reversed. 


IN an appreciable number of patients the results of 
operations for the cure of peptic ulcer are marred by 
reflux of bile into the stomach, setting up a gastritis 
easily recognizable at endoscopy (Brooke-Cowden 
et aL, 1976) with characteristic histological changes 
in the mucosa (Drapanas and Bethea, 1974). This 
causes severe burning or boring epigastric pain in the 
great majority of patients and is usually associated 
with vomiting of bile. The syndrome has been called 
reflux gastritis, bile gastritis, alkaline gastritis or post- 
operative alkaline reflux gastritis. It occurs not only 
after gastrectomy (Toye and Alexander-Williams, 
1965) but also after vagotomy and drainage pro- 
cedures (Tanner, 1966; Kennedy et al., 1973) and may, 
indeed, occur in the absence of any operation (du 
Plessis, 1965, 1977). Anorexia, weight loss, anaemia 
and mental disturbance make this a debilitating 
condition in which an aggressive treatment policy 
should be pursued. 

Neutralization of bile by cholestyramine has been 
tried with good results in some cases (Scudamore et 
al., 1973) but many of their cases ultimately required 
operation. Others have been less successful with 
medical treatment (Bushkin and Woodward, 1976; 
Cooperman, 1976). A wide variety of surgical 
procedures has been used to prevent the reflux; after 
gastrectomy some form of Roux diversion procedure 
. (Tanner, 1951; Wells and Johnson, 1956) or jejunal 
interposition (Alexander-Williams, 1973; Herrington 
et al., 1974; Bushkin and Woodward, 1976) may be 
used, Conversion of a Billroth II to a Billroth I 
anastomosis has been widely used (Griffiths et al., 
1974). If the initial operation was vagotomy and 
drainage, closure of the gastrojejunostomy and sub- 
stitution of pyloroplasty has been widely advocated 
(Alexiu et al, 1970). In this paper we present our 
experience of treating bile reflux by a Roux diversion 
during a 10-year period. 


Patients and methods 

Thirty-six patients aged between 27 and 71 years (mean 53 
years) underwent a Roux-en-Y diversion procedure for bile 
. reflux between 1967 and 1976. There were 28 men and 8 women 
in the series; 23 had had a previous duodenal ulcer, 7 a gastric 
ulcer and 3 a duodenal and gastric ulcer. Two patients had had 


carcinoma and | Ménétrier's disease. In 29 patients this was 
the first reoperation but in 7 it was done after a previous 
reoperation for recurrent peptic ulcer. 

The operations preceding Roux diversion are listed in 
Table I. In 75 per cent the preceding operation involved some 
form of gastrojejunal anastomosis. Recurrent ulcer was 
excluded where possible but when present was not a contra- 
indication to a Roux loop being incorporated in the definitive 
treatment. Of the 29 patients having a Roux loop as a first 
reoperation, 5 also had a recurrent ulcer, itself requiring 
definitive surgery. 

In this series the loop was fashioned 18—40 cm below the 
gastrojejunal anastomosis (Fig. 1) and in 23 patients was 
accompanied by vagotomy. In the earlier cases the loop was 
18-25 cm in length, but with experience we have gradually 
increased it to 40 cm. In 3 patients who also complained of 
dumping symptoms a 10-cm jejunal reversal was incorporated 
in the loop (Fig. 2). 

All 36 patients have been reviewed during the first 6 months 
of 1977. At clinical assessment each was allotted a Visick 
grading. Grade 1 patients were absolutely symptom-free and 
grade 2 had only minor but not troublesome symptoms. 
Grade 3 were more severely troubled and grade 4 patients 
were considered to be absolute failures or to require further 
Operation. 


Results 

There were no operative or late deaths in the series. 
Twenty-seven patients have been followed for 1-10 
years (mean 3-0 years), and only 9 for less than 1 year. 
The interval from the preceding operation to the Roux 
revision ranged from 1 to 24 years (mean 7:6 years); 
symptoms first appeared earlier, at a mean of 3-1 
years. All patients complained of vomiting bile, 
usually in small amounts, and in 12 this was associated 
with a significant amount of food vomiting. Many 
patients vomited once a day or more often, a few 
vomited only occasionally. Severe, burning, epigastric 
pain was a significant feature in 25 patients (70 per 
cent) and often closely mimicked the pain of a 
recurrent ulcer; it was, however, more difficult to 
control. 

Visick grading is shown in Table II. There were 20 
patients (71 per cent) with a good result and 5 (22 
per cent) absolute failures. Two patients were assessed 
as qualified failures and both have continued to 
complain of some pain although neither has radio- 
logical or endoscopic evidence of recurrent ulcer or of 
bile gastritis. The control of bile reflux was more 
successful than this grading might suggest, with 23 
patients (85 per cent) cured of their symptoms, 2 
(7.5 per cent) improved and only 2 (7.5 per cent) 
failing to gain any relief. The reasons for the 5 clinical 
failures are shown in Table III. The 2 patients in whom 
bile reflux was not relieved because the loop was too 
short have subsequently had their Roux loops 
lengthened; one has been cured and the other 
improved. There have been 2 cases of jejunal ulcera- 
tion in patients who had not previously had a 
vagotomy and 1 case of recurrent lesser curve gastric 
ulcer in a patient with complete vagotomy and no 
evidence of bile reflux or gastric stasis. Of the 3 
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40 cm 


Fig. 1. A Roux loop following a previous gastrectomy with 
an average length of 40 cm. Note that vagotomy should be 
added. 





Table I: INITIAL SURGICAL PROCEDURE 


Gastric resection Vagotomy and drainage 


{n= 22) {n = 14) 
Billroth I 3 Pyloroplasty 3 
Billroth H 17 Gastrojejunostomy 9 
Radical 2 





Table H: CLINICAL GRADING 


Visick grade No. p^ 
i 9 32 
2 11 n 
3 2 7 
4 5 22 
<1 yr follow-up 9 


Table IH: CLINICAL FAILURES 


No. Symptom Reason for failure 


Loop too short 
No vagotomy 
Unknown 


D Reflux not relieved 
2 New jejunal ulcer 
i New gastric ulcer 





Fig. 2. Following a Moynihan type Billroth 1I gastrectomy, it is possible to make a Roux loop with reversal of the proximal 


10 cm. 


patients who also had a jejunal reversal, only 1 has 
been followed up for more than 1 year; he has been 
relieved of both dumping and bile reflux. 


Discussion 
It has been shown that reflux of bile into the stomach 
causes irritation of the gastric mucosa which may 
lead to gastric ulceration (du Plessis, 1965, 1977) and, 
in dogs, it has been shown that the mucosal changes 
are reversible if the bile is diverted (Lawson, 1972). 
In the postoperative stomach there may be severe 
symptoms even in the absence of ulceration, and the 
term ‘malevolent gall’ (Silen, 1972) is well deserved. 
Vomiting of bile is most distressing but it is the 
constant boring or burning pain, unrelieved by 
alkalis (Joseph et al., 1973; van Heerden et al., 1975), 
which is perhaps the most important symptom. 


Recurrent ulcer may be suspected (Ivey, 1976), and 
indeed the two conditions may coexist, as in 14 per 
cent of this series. 

Attempts have been made to differentiate bile 
reflux gastritis from the afferent loop syndrome in 
which duodenal contents accumulate and symptoms 
are relieved by vomiting large quantities of pure bile 
(Bushkin and Woodward, 1976). This differentiation 
is probably not of great importance; it was not 
identified in this series and the very existence of the 
afferent loop syndrome is in doubt (Tanner, 1976). 

Endoscopy has been important in recent years in 
the recognition of the syndrome and the exclusion of 
recurrent peptic ulcer. The endoscopic appearance is 
characteristic (Brooke-Cowden et al., 1976). It could 
be described as the ‘red and green syndrome’, with 
red, oedematous patches of gastric mucosa standing 


Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly. 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 


2. Lancet (1975) 4, 1251 
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out amid pools of green bile. Unlike dumping and 
post-vagotomy diarrhoea, which usually manifest 
themselves quite soon after operation, bile reflux 
symptoms may not present until many years after the 
primary procedure (van Heerden et al., 1969). In this 
series the mean interval was over 3 years. 

. There may be other associated symptoms, par- 
ticularly dumping and diarrhoea, which, if untreated, 
can result in failure as far as the patient is concerned, 
even though the bile reflux has been cured. We agree 
with Herrington and Sawyers (1972) that a multiple 
surgical attack on these complex problems is appro- 
priate. For this reason 3 of our patients had a jejunal 
reversal for associated dumping as well as a Roux 
diversion procedure. 

The good results of Roux diversion in controlling 
reflux are in keeping with the observations of others 
(Tanner, 1964; Herrington et al., 1974; Bushkin and 
Woodward, 1976) and seem to be better than those 
of isoperistaltic jejunal interposition (van Heerden 
et al, 1969; Alexander-Williams, 1973; Bushkin and 
Woodward, 1976). In our early experience we favoured 
rather short loops, fearing that too long a one might 
lead to malabsorption, but this fear seems to be 
unfounded and 40-60-cm loops are now advocated 
(van Heerden, 1975: Bushkin and Woodward, 1976; 
Herrington, 1976), though Drapanas (1974) found 
25 cm to be adequate. 

There is general agreement that vagotomy should 
be performed but we omitted the procedure in 13 of 
our earlier patients with very low acid levels and 2 of 
these have since developed jejunal ulcers. A similar 
experience of jejunal ulcer when vagotomy was 
omitted has been reported by Griffiths et al. (1974). 
The capacity of the stomach to recover after diversion 
of bile, even from a complete achlorhydria, has been 
shown (Capper et al., 1967). It has been suggested that 
to be absolutely secure antrectomy should also be 
performed (Herrington, 1976). We can offer no 
explanation of the development of a gastric ulcer in 
another of our patients. 

The results of Roux loops in 98 collected patients 
were reported as good in 90 per cent (Bushkin and 
Woodward, 1976). Our own results have not been as 
good, owing partly to our using too short a loop and 
partly to omitting vagotomy in some cases. Bushkin 
and Woodward (1976) reported 69 per cent of successes 
after interposition of a jejunal loop. Jejunal inter- 
position is not only less successful, it is also more 
complicated and difficult to perform. 

In patients whose initial operation has been 
vagotomy and drainage, alternatives are simple 
closure of the gastrojejunostomy, which has given 
good results in our hands (Green et al, 1978), or 
reconstruction of the pylorus, which we have done 
4 times with promising early results and which has 
been successfully used by Christiansen et al. (1974). 
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Parietal wound drainage in abdominal surgery 
R. H. HIGSON AND M. G. W. KETTLEWELL?* 


SUMMARY 

A prospective randomized study of wound drainage in 
250 surgical abdominal wounds was undertaken to 
determine (a) what effect wound drains had on clean 
surgical wounds; (b) whether wound drains reduced 
infection in potentially contaminated wounds; (c) 
whether wound drainage was an acceptable alternative 
to the use of topical antibiotics in frankly contaminated 
wounds. 

Ten per cent of clean wounds which had been drained 
became infected, compared with 2 per cent of control 
wounds in the same group (P<0-002). Infection was 
also more common in potentially and frankly con- 
taminated wounds in the presence of a drain. Skin 
organisms were grown from 8 drained and 2 non- 
drained wounds in this group (P «0:005), suggesting 
contamination by the drains. Drains were, however, 
associated with a lower infection rate in 23 obese 
patients with frankly contaminated wounds. 


WouwDn sepsis following all forms of abdominal 
surgery is a variable but significant cause of post- 
operative morbidity. About 10 per cent of all surgical 
wounds become infected (Public Health Laboratory 
Service, 1960), ranging from 20 per cent after hernia 
repair (National Research Council, 1964) to 58 per 
cent after an operation for a perforated appendix 
(Gilmore et al., 1973). Numerous methods have been 
suggested to reduce the rate of wound infection, 
particularly in those cases at greatest risk. Systemic 
antibiotics given immediately before or during 
operation (Stokes et al., 1974; Willis et al., 1976), 
interparietal antibiotics (Pollock and Evans, 1975), 
interparietal — povidone-iodine (Gilmore and 
Sanderson, 1975) and delayed primary wound 
closure (Grosfeld, 1968) have all been shown to 
reduce wound infection. 

While cavity drainage has been studied in detail 
following operations such as mastectomy (Morris, 
1973; Bourke et al., 1976) and pelvic colonic surgery 
(Irvine et al, 1975) and has been shown to be 
beneficial, the place of drainage in the management of 
abdominal wounds remains uncertain. Everson et al. 
(1977) suggest that extraperitoneal wound drainage 
reduces wound infection in cases of perforated or 
gangrenous appendix, but others have found con- 
flicting results in the same condition (Davidson et al., 
1971; Gilmore and Martin, 1974). We have therefore 
investigated the wider application of open parietal 
wound drainage of abdominal incisions to test three 
hypotheses: (a) that open wound drains do not con- 
taminate clean abdominal surgical wounds; (b) that 
wound drainage reduces the rate of infection in 
partially contaminated wounds; (c) that wound 
drainage is an acceptable alternative to topical anti- 
biotics in frankly contaminated wounds. 


Patients and methods 

Two hundred and fifty patients undergoing operations involving 
abdominal incisions in one surgical unit were entered into the 
trial. Immediately before wound closure patients were allocated 
to one of three groups according to the expected degree of 


bacterial contamination. Group 1 (clean wounds) contained 
100 cases in which pus was not encountered and the gastro- 
intestinal tract was not breached during operation. Elective 
uncomplicated cholecystectomy cases were included. Group 2 
(potentially contaminated wounds) contained 100 cases in 
which contamination of the wound might have occurred during 
surgery. Appendicectomy was included provided that the 
appendix was not gangrenous or perforated. Emergency 
cholecystectomy, operations which involved exploration of the 
common bile duct and biliary operations on jaundiced patients 
were included in this group (How and Gunn, 1973). Group 3 
(frankly contaminated wounds) comprised 50 cases in which 
there was obvious contamination of the wound with pus or 
with faeces. 

Within each group patients were allocated at random to 
have wound drainage by reference to a computer-randomized 
table kept in the operating theatre. Control (i.e. undrained) 
patients in group 3 received interparietal ampicillin powder. 

Wounds were drained with Penrose clothes-line (or chimney) 
drains, which consist of 3-4-cm lengths of fine Penrose tubing 
threaded on a length of silk and inserted carefully into the 
wound at 1-cm intervals immediately after skin closure (Fig. 1), 
as described by Veidenheimer (1977). The wounds were then 
covered with a sterile occlusive dressing. 

Parenteral antibiotics were only used in patients who were 
clinically septicaemic at the time of operation and in vascular 
cases receiving Dacron grafts. The vascular cases received 
ampicillin and cloxacilin and the septic cases cephalothin 
sodium or gentamicin. Antibiotics were started either immedi- 
ately before or during operation and details of their administra- 
tion were recorded. 

Dressings were not disturbed until the drains were removed 
at 48 h (groups 1 and 2) or 72 h (group 3) unless absolutely 
necessary, and any dressing changes made before drain removal 
were recorded. The drains were removed using an aseptic 
technique and the wounds were redressed until inspected on 
the fourth postoperative day, after which they were left exposed. 

Wounds were inspected on the fourth and subsequent days 
by one surgeon (R. H. H.), who did not know whether a drain 
had been used. Culture swabs were taken of any wound 
discharge and aerobic and anaerobic cultures made. Wounds 
were classified as infected if a purulent or bacteriologically 
positive discharge occurred at any time in the postoperative 
period (Ljungvist, 1964). All patients were later seen in the 
outpatient clinic and asked about any discharge from the 
wound after leaving hospital. 

The type of operation performed, the grade of surgeon 
performing the operation, the depth of subcutaneous fat, the 
patient's age and the use of parenteral antibiotics were recorded 
for each case. 


Statistical methods 
Fisher’s exact test has been used on all 2x2 tables. For 
comparison of patients’ ages, Student's ¢ test has been used. 


Results 

The distribution of cases between the three groups 
is shown in Table I. Two of the 250 patients originally 
entered into the trial died before the fourth post- 
operative day and 2 were re-explored on the third 
postoperative day and were thus excluded from the trial. 


Infection rates 
Nineteen (15 per cent) of the drained cases and 11 
(9 per cent) of the control cases developed a wound 
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Fig. 1. A section of an abdominal wound showing a Penrose 
clothes-line drain in situ. Loop of fine silk (a) carrying 
3—4-cm lengths of fine Penrose tubing (5) that have been 
inserted through the skin (c) and subcutaneous fat (4). 
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Fig. 2. The influence of wound drainage on the incidence of 
wound infection in each group of cases. 
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Fig. 3. The influence of obesity upon the incidence of wound 
infection. 
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Table I: THE DISTRIBUTION OF DRAINED AND 
CONTROL CASES IN THE THREE GROUPS 

Group 1 Group 2 Group 3 
Drained 50 49 27 
Control 50 48 22 
Total 100 97 49 





Table H: THE NUMBERS OF CULTURE-POSITIVE 
AND CULTURE-NEGATIVE INFECTED WOUNDS IN 
EACH GROUP 

No. of infected wounds 


Culture-positive Culture-negative 
Group Drained Control Drained Control 
1 4 0 1 
2 4 3 2 l 
3 8 5 0 1 
Total 16 8 3 3 





Table HI: THE NUMBERS AND TYPES OF 
ORGANISM GROWN FROM INFECTED WOUNDS 


No. of infected wounds 


Type of organism Group Drained Control 
Skin flora 1 2 0 
2 2 1 
3 4 i 
Total 8 2 
Bowel flora i 0 0 
2 9 4 
3 10 10 
Total 19 14 





For details of skin and bowel flora see text. 


Table IV: THE DISTRIBUTION OF UNCONTROLLED 
VARIABLES BETWEEN DRAINED AND CONTROL 
CASES IN EACH GROUP 

Type of wound 


Drained Control 
Variable i 2 3 Total 1 2 3 Total 
Grade of surgeon 
Consultant 10 H z 23 20 14 4 38 
Lecturer 40 27 20 87 30 23 16 69 
House surgeon O0 Hl 5 16 0 H 2 B 
Operation 
Gastric 7 8 4 19 10 5 S 20 
Biliary 8 9 0 17 3 8 3 14 
Small bowel 0 2 0 2 9 3 0 3 
Appendicectomy 0 18 15 33 0 21 9 30 
Colorectal 0 9 8 17 2* 10 4 I$ 
Hernia 18 2 0 20 15 o O0 15 
Vascular 2 0 0 2 2 0 90 2 
Other 15 l 0 16 18 1 1 20 
Obesity 
Subcutaneous 23 21 15 59 21 19 8 48 
fat 2-5 cm 
Antibiotics 
Systemic — 3 0 18 21 2.- 9.20. 22 
Mean age 52-8 429 512 506 400 539 — — 
(yr) - s.d. 18.9 28-8 264 168 22:1 27-7 e= — 


* Colomyotomies. 
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infection, and in each group the infection rate in 
drained cases was higher than in controls (Fig. 2). 
This trend reached statistical significance in group 1 
patients when 10 per cent of drained, compared with 
2 per cent of control, wounds became infected 
(P « 0-002). 


Bacteriology 

Positive wound cultures were obtained from 24 (80 
per cent) of infected cases (Table II). The organisms 
isolated from these wounds were of two types: (a) 
those we considered to be skin flora— Staphylococcus 
aureus and S. albus, beta-haemolytic streptococci and 
Candida spp.—and (b) bowel flora-—Streptococcus 
faecalis, Proteus spp., Escherichia coli and Bacteroides 
spp. 

Skin organisms were grown from 8 drained wounds 
compared with 2 control cases (P« 0-005) and were 
the only type of organism isolated from clean wounds. 
Bowel organisms predominated in groups 2 and 3 
but skin organisms were also cultured from 6 drained 
wounds and only 2 controls (Table HI). 


Wound dressing 
The dressings of 40 drained cases compared with 23 
control cases (P«0-005) had to be changed early 
because of seepage of haemoserous fluid through the 
original theatre dressings. 

Certain variables were not controlled in the trial. 
Their distribution between drained and control cases 
in each group is shown in Table IV. 


Grade of surgeon 

The infection rates were higher the more junior the 
surgeon (consultant 6 per cent, lecturer 15 per cent and 
house surgeon 21 per cent), but the distribution of 
drained and control cases between each grade of 
surgeon was equal. Fifty-two per cent of the consul- 
tants' cases, 56 per cent of the lecturers' cases and all 
the cases operated on by house surgeons were in 
groups 2 and 3, and the infection rates were 9, 18 and 
21 per cent respectively. 


Type of operation 

Each type of operation was evenly distributed between 
drained and control cases in each group, the only 
exception being a higher proportion of elective chole- 
cystectomy cases in the group 1 controls, but as none of 
these cases became infected this did notintroducea bias. 


Subcutaneous fat thickness 

A slightly higher proportion of drained cases had 
more than 2:5 cm of subcutaneous fat in all three 
groups. Wound infection occurred in 19 (18 per cent) 
of obese patients compared with 11 (8 per cent) of 
normal patients in the whole series, but the difference 
in infection rate between obese and normal patients 
was significant only in group 3, where 11 (48 per cent) 
obese and only 3 (11 per cent) normal patients 
(P « 0-001) developed wound infections, In the group 
of 23 obese patients with frankly contaminated 
wounds (group 3), only 6 of the 15 drained cases 
became infected compared with 5 of 8 control cases. 


Parenteral antibiotics 

Forty-three cases (21 drained and 22 controls) received 
parenteral antibiotics before or during operation. 
Nine (22 per cent) of these patients developed a wound 


infection compared with 15 per cent of those not 
receiving antibiotics. (P«0-001). Antibiotics were 
used with equal frequency and were associated with 
similar rates of infection in both the drained (22 per 
cent) and the control (21 per cent) groups. It is there- 
fore unlikely that their use introduced a significant 
bias. 


Patients’ age l 
The mean age of the patients in each group showed 
no difference between the drained and control cases. 


Discussion 

The use of wound drains in abdominal surgery is 
controversial. Two well-known textbooks of surgery 
state that wound drainage can do no possible harm 
and may prevent an infected wound (Farquharson, 
1972; McNair, 1972), and drainage of the rectus 
sheath has recently been advocated in a description 
of the procedure of right hemicolectomy (Reid, 1976), 
but a large retrospective study by the National 
Research Council (1964) of 14 854 wounds of all 
types showed that wound infection doubled in the 
presence of a drain. The Public Health Laboratory 
Service (1960) had previously shown a similar trend 
with infection rates of 17 and 7 per cent in drained 
and undrained cases. The majority of studies of 
abdominal wound drainage have been restricted to 
cases undergoing appendicectomy (e.g. Vinnicombe, 
1964; Brumer, 1970; Everson et al, 1977). In this 
study we have examined the wider application of 
wound drainage by including all abdominal wounds 
in many types of clean and contaminated cases. 

Infection in 6 per cent of clean cases, 10 per cent of 
potentially contaminated cases and 29 per cent of 
frankly contaminated cases suggests that the stratifica- 
tion of our groups was valid. 

Infection rates for individual operations in our 
study were similar to those reported in other series 
(National Research Council, 1964; Davidson et al., 
1971), but the rate of infection following biliary 
surgery was much lower (Public Health Laboratory 
Service, 1960; Keighley et al., 1975) and justified the 
inclusion of uncomplicated elective cholecystectomy 
in the clean group of cases. 

Penrose clothes-line drains were used because they 
are simple and have been advocated in an authorita- 
tive textbook (Veidenheimer, 1977). The drains 
appeared to function satisfactorily because dressings 
had to be changed more frequently in those patients 
with a drain. It may be argued that this increased the 
risk of contamination and may have contributed to 
the higher rate of infection in drained patients. A 
closed system such as suction drainage might not have 
this disadvantage. 

We have shown that the use of this particular type 
of drain was associated with contamination of the 
wound by skin organisms in all three groups and led 
to a significantly higher rate of wound infection in 
clean cases. While most surgeons would not drain 
the abdominal wounds of clean cases, we considered 
it necessary to establish whether open wound drainage 
was as harmless as previously suggested (Farquharson, 
1972; McNair, 1972). 

Multiple drains protruding from a wound increase 
the number of entries into a wound as compared with 
closed suction drainage, and statistically increase the 
risk of contamination. Our results appear to confirm 


this contention. Infection was also more common in 
potentially contaminated cases which had been 
drained although the infecting organisms in these 
wounds were predominantly bowel pathogens. 

. However, drains were a satisfactory alternative to 
interparietal ampicillin powder in the management of 
frankly contaminated wounds as a whole and were 
superior in obese patients, but the infection rate 
remained unacceptably high (30 per cent in drained 
and 27 per cent in control cases). The number in this 
group was small and it Is therefore difficult to compare 
' these results with trials of other methods of managing 
frankly contaminated wounds. Gilmore and Sanderson 
(1975), using povidone-iodine, reduced wound infec- 
tion in cases with peritonitis from 80 to 12 per cent, 
but Pollock and Evans (1975) combining cases of 
perforated appendix and colorectal operations, found 
an infection rate of 33 per cent with topical cephalori- 
dine but 60 per cent with povidone-iodine. Everson 
et al. (1977) reduced the wound infection rate in cases 
of gangrenous or perforated appendix from 84 to 37 
per cent with cephaloridine, to 50 per cent with extra- 
peritoneal wound drainage and to 21 per cent with a 
combination of antibiotics and drainage. 

The influence of the grade of surgeon upon the 
incidence of wound infection in this study is 
independent of the type of operation and is not a 
reflection of the greater numbers of contaminated 
cases treated by junior staff. A similar trend was shown 
in a study of appendicectomy operations (Gilmore 
and Martin, 1974). 

Wound infection was significantly more common 
in cases receiving prophylactic parenteral antibiotics. 
Altemeier et al. (1968) found a similar association 
between the use of antibiotics and wound sepsis, but 
there is contrary evidence to suggest that they are 
only effective in reducing wound infection if they are 
given before or during operation (Stoker and Ellis, 
1971; Stokes et al., 1974). We believe that the increased 
wound infection rate in the present study reflects the 
fact that antibiotics were only used in patients who 
were considered to be at highest risk from local and 
systemic infection, with the exception of certain 
vascular cases in whom they were used routinely. 


Conclusion 

We conclude that open parietal drains are harmful 
when used in clean wounds and are of doubtful value 
in potentially contaminated wounds, but they are an 
acceptable alternative to topical antibiotic powder 
for the treatment of grossly contaminated wounds 
and may be superior in obese patients. 
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A prospective study of the clinical value and accuracy 


of grey scale ultrasound in detecting gallstones 
A. J. MCKAY, J. G. DUNCAN, C. W. IMRIE, S. N. JOFFE AND L. H. BLUMGART* 


SUMMARY 

The accuracy and possible clinical value of grey scale 
ultrasonography in the detection of gallstones has been 
prospectively studied in 100 unselected patients 
presenting with recurrent biliary colic, acute cholecystitis 
or acute pancreatitis. Adequate visualization of the gall- 
bladder was obtained in 79 cases, with 3 false positive 
and no false negative reports. Oral cholecystography 
remains the initial investigation of choice in patients 
presenting with recurrent biliary colic, but grey scale 
ultrasound has been shown in this study to be a reliable 
means of detecting gallstones in the ‘acute’ situation, 
when conventional contrast radiology is of limited 
value. 


UNTIL the development of ultrasonography, pre- 
operative demonstration of gallstones was dependent 
on plain or contrast radiology. Approximately 10 per 
cent of all gallstones can be seen on a straight X-ray 
of the abdomen (Gagic et al., 1975; Addison et al., 
1976). Single- or double-dose oral cholecystography 
will demonstrate the gallbladder in up to 85 per cent 
of patients who are not acutely ill and have normal 
liver function (Mujahed et al., 1974; Mandlestam and 
Rosenbaum, 1975; Thorbjarnarson, 1975). The 
patient who is vomiting cannot retain contrast 
medium, and in the jaundiced patient, the biliary 
ductal system will not be visualized using oral chole- 
cystography. Intravenous or infusion cholangio- 
graphy is of limited value in establishing the presence 
of gallstones in patients with a raised bilirubin or 
alkaline phosphatase level (Gagic et al., 1975). Recent 
reports on the use of endoscopic retrograde chole- 
dochopancreatography (ERCP) and percutaneous 
transhepatic cholangiography (PTC) in the investiga- 
tion of the jaundiced patient have shown these 
techniques to be reliable and relatively safe (Blumgart 
et al, 1974; Elias, 1976). None the less, these 
invasive investigations cannot readily be used in the 
acutely ill patient. 

Early attempts at imaging of the gallbladder using 
the B-mode ultrasound scanner were disappointing 
(Doust and Maklad, 1974; Addison et al., 1976), but 
much greater accuracy is possible using the grey scale 
ultrasound scanner (Taylor and McCready, 1976). 
Grey scale ultrasonography, being non-invasive and 
not dependent on liver function, would be of clinical 
value if proved to be reliable in the detection of 
gallstones. A recent study has shown that ultrasonic 
cholecystography can be 93 per cent accurate in the 
detection of gallstones in outpatients investigated for 
recurrent billary colic (Bartrum et al., 1977). 

The objective of this study was to assess the accuracy 
and clinical usefulness of grey scale ultrasound in 
detecting gallstones in three groups of patients. The 
first aim was to assess the accuracy of this technique 
in the ‘non-acute’ situation; patients referred to the 
outpatient department with recurrent biliary colic were 
scanned to determine the presence of gallstones. 
Secondly, we tried to determine whether this means of 


detecting gallstones is reliable in the ‘acute’ situation, 
and for this part of the study patients admitted as 
emergencies with acute cholecystitis or acute pan- 
creatitis were scanned. l 


Patients and methods 

A consecutive series of 100 unselected patients was studied 
during a 10-month period ending in June 1977. The ultra- 
sonography was performed and interpreted by a single con- 
sultant radiologist (J. G. D.) using a Nuclear Enterprises 
Diasonograph NE 4200. Only essential clinical details were 
provided before the scanning, the radiologist being unaware 
of the results of contrast radiology. In every case, the ultrasound 
findings were confirmed by subsequent oral cholecystography, 
intravenous cholangiography or at operation. 

Patients received no preparation before the scan and a plain 
film was taken to check the presence and location of intestinal 
gas. 

All patients were scanned in the supine position. Before 
scanning, the patient was taught to distend the abdomen, 
particularly the lower abdomen, during inspiration. After this 
procedure respiration was suspended during the scan. Longi- 
tudinal scans were performed routinely at 0-5-cm intervals 
from approximately 2 to 6 cm to the right of the midline. A 
2:5 mHz transducer was used, routinely angled as steeply as 
possible under the costal margin and a single sweep scan was 
performed. When the gallbladder was identified, the transducer 
was angled to obtain scans along the long axis of the gall- 
bladder. Scans were then performed at 0-25-0-5-cm intervals 
as required, Transverse or transverse/oblique scans across the 
long axis of the gallbladder were also performed. 

A diagnosis of gallstones was made on the following criteria: 

1. Presence of a group or groups of echoes within the gall- 
bladder. 

2. Confluent groups of echoes along the posterior wall of the 
gallbladder. 

3. Attenuation of ultrasound or 'shadowing' deep to the 
gallbladdder echoes. 

An unsuccessful scan was reported when the gallbladder 
could not be identified and the gallbladder area and lower liver 
margin could not be seen due to gas and faecal matter in the 
bowel. 


Group 1: Recurrent biliary colic 

These patients were referred to the surgical outpatient depart- 
ment by their family practitioners, having had one or more 
episodes of abdominal pain considered to be due to gallbladder 
disease. There were 25 females and 5 males (age range 20-71 
years). Grey scale ultrasonography was performed on an out- 
patient basis. All patients were also examined by oral chole- 
cystography, and those shown to have gallstones underwent 
elective cholecystectomy. 


Group 2: Acute cholecystitis 

These patients were admitted as emergencies with acute upper 
abdominal pain and a provisional clinical diagnosis of acute 
cholecystitis. There were 15 females and 15 males (age range 
21-80 vears) Grey scale ultrasonography was performed 
within 1 week of admission in all cases and within 48 h of 
admission in 22 of the 30 patients. Patient management was 
not based on the ultrasound findings and these patients were 
all treated conservatively in the first instance. 
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Table I: ULTRASOUND FINDINGS 


Recurrent 
biliary Acute Acute 
Ultrasound colic cholecystitis pancreatitis 
report (n — 30) (n — 30) (n — 40) 

Gallstones 15 18 13 
No gallstones 9 8 16 
Gallbladder not 6 4 11 

visualized 
False positive l 0 2 
False negative 0 0 0 
Technically 80-077 87-074 72:327 


satisfactory 


Group 3: Acute pancreatitis 

These patients were admitted as emergencies with acute 
pancreatitis, the diagnosis being established on an appropriate 
clinical presentation and course, together with a rise in serum 
amylase to not less than 1200 i.u./l or an amylase clearance of 
greater than 4 ml/min (Imrie and Whyte, 1975). There were 
22 females and 18 males (age range 21-80 years). 

Grey scale ultrasonography was performed within 1 week of 
admission and, in addition to imaging of the gallbladder, the 
pancreas was also scanned to determine the presence of 
inflammatory swelling or early cyst formation. The patients 
reported to have gallstones on ultrasound scanning were kept 
in hospital until oral cholecystography could be used to 
confirm the ultrasound findings. Those who had made a rapid 
recovery from a mild attack of acute pancreatitis then under- 
went cholecystectomy during their initial hospital admission. 





Fig. 1. Longitudinal scan of a 56-year-old lady presenting 
with recurrent biliary colic. GB, Gallbladder; G, gallstones; 
PS, posterior shadowing. The scan shows a gallbladder 
containing gallstones which cause marked posterior 
shadowing of the ultrasound beam. 


Results 

In 100 patients the gallbladder was adequately 
visualized in 79 cases. In one case (a patient with a 
transverse colostomy) an adequate number of scans 
could not be performed, but in all the other cases the 
cause for technical failure was the presence of excessive 
intestinal gas. 

In patients in whom scanning was technically 
satisfactory and adequate visualization was obtained, 
the presence or absence of gallstones was correctly 
diagnosed in 96 per cent. In 3 cases gallstones were Fig, 2. Transverse scan taken within 24 h of admission in a 
reported to be present by ultrasonography and these 57-year-old man presenting with acute cholecystitis. 
were not subsequently confirmed (false positive). In A, Abscess; GB, gallbladder; G, gallstones; K, kidney. The 
no case did the ultrasonographer report the absence of scan shows a gallbladder containing gallstones with an 
gallstones which were subsequently shown to be associated abscess separate from the gallbladder. These 
present (false negative). The results of grey scale findings were confirmed at laparotomy. 
ultrasound scanning in each group of patients are 
summarized in Table I. 





Group 1: Recurrent biliary colic 

The gallbladder was adequately visualized in 24 
cases (80 per cent). In these 24 patients, gallstones 
were reported in 15 (Fig. 1); no gallstones were seen 
in 9. There were no false negatives and one false 
positive in this group. The patient falsely reported to 
have gallstones on ultrasound scanning had a 'non- 
functioning gallbladder' shown on double-dose oral 
cholecystography and underwent elective cholecystec- 
tomy, at which operation no gallstones were found. 
In every other case, when gallstones were reported on 
ultrasound scanning, their presence was confirmed 


at operation. | 
: T - 


td ^ X = T P m E À 
Group 2: Acute cholecystitis Dacus in ^06 Fig. 3. Longitudinal scan of a 27-year-old pregnant patient 
The gallbladder was adequately visualized in 26 cases with acute pancreatitis. GB, Gallbladder; G, gallstones; 


(87 per cent). There were no erroneous reports. In ps, posterior shadowing. The scan shows a gallbladder 
each patient in whom gallstones were reported, their ^ containing gallstones which cause posterior shadowing of the 
presence was subsequently confirmed at operation. ^ ultrasound beam. 
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Twelve of these patients were jaundiced at the time 
of the ultrasound scanning and dilated bile ducts can 
readily be demonstrated in such cases, enabling 
differentiation from jaundice due to intrahepatic 
cholestasis. Additional valuable information may be 
obtained in some instances (Fig. 2). 


Group 3: Acute pancreatitis 

The gallbladder was adequately visualized in 29 cases 
(73 per cent), with gallstones reported in 13 (Fig. 3). 
Gallstones were not seen in the remaining 16 patients. 
There were 2 false positive reports and no false 
negatives. The 2 patients falsely reported to have gall- 
stones on ultrasound scanning had normal gall- 
bladders subsequently visualized on oral cholecysto- 
graphy and did not undergo cholecystectomy. In 
every other case gallstones reported on ultrasound 
scanning were subsequently found at operation. The 
pancreas was also scanned in these patients and 
inflammatory swelling was detectable in 15 cases, 6 of 
whom subsequently developed discrete pancreatic 
pseudocysts. 


Discussion 

Ultrasonography of the gallbladder and biliary tree 
does not depend on gastrointestinal function or 
absorption, nor on liver function, and is non-invasive. 
It would therefore have clinical application, if proved 
reliable, in the detection of gallstones in patients in 
whom oral or intravenous radiology can seldom yield 
an accurate diagnosis. Early reports on the use of the 
B-mode scanner to detect gallstones were disappoint- 
ing, the gallbladder being clearly demonstrated in 
only 66 per cent of 50 patients investigated on an 
outpatient basis, with 4 false positive and 4 false 
negative reports (Doust and Maklad, 1974). Similarly, 
in a prospective study of 140 patients presenting with 
biliary colic, acute and chronic cholecystitis or acute 
pancreatitis who were scanned with a B-mode 
scanner to determine the presence of gallstones, the 
gallbladder was identified in 119 patients (90 per cent). 
There was, however, an unacceptably high false 
negative report rate (25 cases) and there were 8 false 
positives (Addison et al., 1976). 

Technical development and improved interpretation 
of grey scale scanning have greatly increased its 
accuracy (Taylor and McCready, 1976; Lawson, 
1977), and grey scale ultrasonic cholecystography can 
be 93 per cent accurate in detecting the presence of 
gallstones in the non-acute situation (Bartrum et al., 
1977). Our results in the 30 patients investigated for 
recurrent biliary colic are similar and we have achieved 
an overall accuracy of 96 per cent with only 1 false 
positive report. We would agree that grey scale ultra- 
sonography has no advantage over oral cholecysto- 
graphy in these patients (Bartrum et al., 1977), but 
would emphasize that it is suitable for use in a 
pregnant patient or a patient allergic to contrast media. 

However, our results in the acute situation in 
patients who often have abnormal liver function or 
are frankly jaundiced have demonstrated a definite 
clinical role for grey scale ultrasound scanning and 
have shown the ability of the method to detect the 
presence of gallstones at an early stage of illness. This 
is important in several respects. First, several reports 
have indicated that early planned surgery for the 
patient with acute cholecystitis can be undertaken 
safely (van der Linden and Sunzel, 1970; Sokhi and 


Longland, 1973; McArthur et al, 1975). Con- 
ventional contrast radiology is inadequate in these 
patients (Raine and Gunn, 1975; Gagic et al., 1975), 
but there is a need for accurate diagnosis and the 
techniques of PTC and ERCP are invasive, carry à 
complication rate and are more difficult to perform, 
especially in very ill patients. Furthermore, radio- 
logical confirmation of a clinical diagnosis of acute 
cholecystitis using oral cholecystography or intra- 
venous cholangiography will often depend on the 
identification of a ‘non-functioning gallbladder’ 
rather than positive identification of gallbladder 
pathology. Thus, of 56 patients presenting with acute 
cholecystitis, a single-dose oral cholecystogram showed 
a ‘non-functioning gallbladder’ in 45. The galibladder 
was not visualized in 20 of 24 patients studied using 
intravenous cholangiography. Gallstones were only 
identified in 7 cases (Gagic et al., 1975). 

In contrast, we were able to demonstrate the gall- 
bladder in 87 per cent of patients with acute chole- 
cystitis and 12 of the patients were jaundiced at the 
time of the scanning. Indeed, ultrasound scanning 
can differentiate dilated from non-dilated biliary 
ducts with a high degree of accuracy and is therefore 
useful in distinguishing extrahepatic from intrahepatic 
causes of cholestasis (Elias, 1976). The ultrasound 
scans were performed within 48h of hospital 
admission and in no case did the clinical condition of 
the patient prevent investigation. We recognize that 
demonstration of gallstones does not by itself confirm 
that the patient has cholecystitis. None the less, in 
patients with an appropriate clinical presentation, we 
have shown grey scale ultrasound to be a reliable 
means of positively identifying gallbladder pathology 
and a valuable preoperative investigation in patients 
presenting with acute cholecystitis in whom early 
cholecystectomy is contemplated. 

Gallstones are present and of aetiological im- 
portance in 50-60 per cent of patients presenting 
with acute pancreatitis in the United Kingdom 
(Trapnell, 1972; Imrie, 1974). The identification of 
these stones permits early cholecystectomy and 
minimizes the risk of further attacks of acute pancrea- 
titis (Imrie and Whyte, 1975; Paloyan et al., 1975). 
The patient with acute pancreatitis often has grossly 
abnormal liver function and oral cholecystography is 
frequently unsuccessful in demonstrating gallstones 
in the early stage of the iliness. In addition, these 
patients are frequently too ill to retain contrast 
medium. Our results using grey scale ultrasonography 
in such patients within one week of admission have 
shown the method to be accurate in the detection of 
gallstones in up to 73 per cent of cases, despite the 
fact that many patients with acute pancreatitis suffer 
from abdominal distension and paralytic ileus. In 
patients with a relatively mild attack of acute pancrea- 
titis, cholecystectomy has been safely performed 
during the same hospital admission. Furthermore, the 
technique is of value in situations where conventional 
radiology cannot be used. Thus, one patient, 6 weeks 
pregnant at the time of her admission with acute 
pancreatitis, was shown to have gallstones on ultra- 
sound scanning and safely underwent cholecystectomy 
in the mid-trimester of pregnancy. We have previously 
reported that early ultrasound scanning of the 
pancreas in patients with acute pancreatitis allows 
detection of inflammatory swelling of the gland and 
detection of pseudocyst formation (Duncan et al 
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1976). Of the 15 patients shown to have inflammatory 
swelling of the pancreas in this series, 6 developed 
Cysts. 

. The accuracy of grey scale ultrasound examination 
is undoubtedly dependent on the experience of the 
ultrasonographer. In this study, all the ultrasono- 
graphy was performed by a single radiologist (J. G. D.) 
who was the only person in our hospital familiar 
with the grey scale equipment. All the reports were 
confirmed by subsequent cholecystography or at 
operation. 

There were no false negative reports in this series. 
All reports of no stones were confirmed subsequently 
by oral cholecystography or at operation. False 
negative reports in the literature vary from 23-5 per 
cent (Addison et al., 1976) to 6 per cent (Lawson, 1977) 
with 90 and 75 per cent successful visualization of the 
gallbladder respectively. This would suggest that more 
stringent criteria for gallbladder visualization may, in 
turn, lead to greater accuracy in detection of gall- 
stones. There were 3 false positive reports. The false 
positive case in the recurrent biliary colic group 
showed several discrete groups of echoes on the 
posterior wall without shadowing. No stones were 
found on cholecystectomy. Another two false positive 
cases were recorded in the acute pancreatitis group. 
Neither of these demonstrated shadowing. Both 
showed an irregular area of increased echoes along a 
segment of the posterior wall of the gallbladder. 

The major cause of failure was the presence of 
intestinal gas obscuring the ultrasound image and the 
gallbladder was not visualized in 21 per cent of the 
cases. None of the patients studied was fasted or 
prepared in any way before scanning. In the acutely 
ill patient any form of effective bowel preparation 
would clearly be unacceptable. Nevertheless, accurate 
and useful information is obtainable in approximately 
80 per cent of patients with acute cholecystitis or 
acute pancreatitis. 

Oral cholecystography remains the initial investiga- 
tionof choicefor outpatients with suspected gallbladder 
disease. Grey scale ultrasonography, however, is of 
value in patients in whom oral cholecystography fails 
or is contraindicated and in patients with compromised 
liver function. In the jaundiced patient, grey scale 
ultrasound may not only demonstrate the presence 
or absence of gallstones in the gallbladder but is also 
of value in the differentiation of extrahepatic from 
intrahepatic cholestasis. In patients presenting with 
acute cholecystitis or acute pancreatitis, grey scale 
ultrasound has been shown to be accurate in the early 
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detection of gallstones and would appear to be of 
clinical value. 
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Non-operative removal of retained stones in the 


common bile duct 
B. I. REES AND B. W. LAWRIE* 


SUMMARY 

A method of removal of retained common bile duct 
stones under radiological control is described and its 
use in 16 patients reported. The ease of the method, the 
minimal associated morbidity and the inexpensiveness 
of the equipment suggest that this should be the primary 
method of removal of retained stones when a T tube has 
been placed into the common bile duct. 


THE establishment of operative cholangiography has 
reduced the incidence of retained stones in the 
common bile duct from 10 to 3-4 per cent (Faris et al., 
1975). However, retained stones still occur and present 
a difficult problem for the patient and the surgeon. 

Various methods have been employed to try to 
avoid reoperation with its attendant technical 
difficulties, operative morbidity and mortality. These 
include clamping of the drainage tubes, increased 
biliary tract pressure in association with anti- 
spasmodics or the dissolution of the stone within the 
common bile duct. 

Removal of residual common duct stones via the 
fibrous tract of a T tube was first used in 1962 by 
Mondet with specially designed forceps. Since then 
this technique has been successfully employed with 
various modifications (Magarey, 1969; Mazzariello, 
1973; Burhenne, 1974). We have used the method 
described by Burhenne in 16 patients. Our experience 
has been similar to his, and we describe our results to 
emphasize some important points in technique. 


Patients and methods 

A T tube cholangiogram is performed on the seventh post- 
operative day. If residual stones are present, the tube is left 
in situ for 6 weeks to allow the tract to become more fibrous. 
the patient being sent home with the T tube clamped. The 
patient is readmitted and a second T tube cholangiogram is 
performed to exclude spontaneous passage of the stones and to 
locate accurately the site and number of stones. Analgesics or 
premedication are usually unnecessary. Prophylactic antibiotics 
are not routinely given, free drainage of bile via the T tube is 
relied on to avoid any complications. 

The T tube is removed and the wound cleaned with hibitane. 
Using the Medi-Tech soft, steerable catheter, the fistulous tract 
is negotiated and the catheter is accurately guided under image 
intensification to the site of the filling defect(s). A wire stone- 
removal basket is then passed through the catheter and 
opened distal to the stone (Fig. 1). The instrument is slowly 
withdrawn so that the stone falls into the basket. In 13 out of 
the 16 patients this procedure resulted in easy withdrawal of 
stones from the lower end of the common bile duct and the 
common hepatic duct. In 2 patients large amounts of biliary 
sludge were removed and the completion cholangiogram 
showed no filling defects in the biliary tree. It was concluded 
that either the stone had passed into the duodenum or the 
sludge was producing the filling defect. In both these patients 
heparin had been infused for prolonged periods. In the 2 
patients with residual stones in the cystic duct, the duct was 
long and had a medial insertion. This is a problem during 
operative cholangiography because the insertion of the Cystic 
duct may be hidden behind a dilated common bile duct, 
particularly if too much contrast medium is used. Furthermore, 
stones in a long cystic duct remnant may not be visualized on 
choledochoscopy. 








Fig. 1. The basket has been passed through the catheter into 
the common bile duct and is opened distal to the stone. 


A tube (no. 12) is reinserted into the fistulous tract and a 
repeat cholangiogram carried out 24 h later to exclude missed 
stones. Extraction is much easier through a wide, direct tract. 
This will be produced when a wide-bore T tube, at least no. 12 
French scale, is used through a stab incision in the flank rather 
than a more medially placed T tube. 

It is important to realize that multiple attempts at removal 
can be made over a period of several weeks so that if a stone is 
not removed at the first attempt this should not be deemed a 
failure. 


Case report 

Mr E. A., aged 70, was admitted on 8 April 1976 for the 
investigation of jaundice and chest pain. He was known to have 
angina which was well controlled with glyceryl-trinitrate 
tablets. However, for 2 days before admission he had 
experienced severe chest pain radiating through to his back 
which was *worse than angina pain'. Following this pain he 
had become jaundiced. The liver function tests were normal 
except for the bilirubin which was elevated to 23 umol/l 
(normal range 0-17). A cholecystogram was performed and 
the gallbladder did not opacify. An intravenous cholangiogram 
showed multiple gallstones in the gallbladder and common 
bile duct. 
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On 24 April a laparotomy revealed a thickened gallbladder 
containing several stones and the common bile duct was 
thickened and dilated. The gallbladder was removed and the 
common bile duct explored. Numerous faceted calculi were 
removed and probes could be passed with ease into the 
duodenum. À completion T tube cholangiogram did not show 
any residual calculi. 

The patient's postoperative recovery was uneventful. How- 
ever, a T tube cholangiogram performed at 10 days showed a 
lucent stone lying free in the common bile duct. 

At this stage the T tube was clamped, the patient remained 
well and not jaundiced. Six weeks after the initial operation, 
under radiological control, the stone was removed from the 
common bile duct. Ampicillin, 500 mg four times à day was 
prescribed for 48h as a prophylactic measure. Twenty-four 
hours later a T tube cholangiogram showed free flow into the 
duodenum and no further stones. The tube was then removed 
and the tract dried up in 24 h. The patient has been reviewed in 
the outpatient department 18 months later and he is well. 


Results 

Table 1 shows the results of stone removal in our 16 
patients. Removal has been successful in all cases and 
the patients have been seen at follow-up and are well. 
Not included in Table J are 2 failures in patients who 
had a stone impacted at the lower end of the common 
bile duct. It may be that these patients would benefit 
from a transphincteric sphincterotomy. 


Discussion 

A number of methods of managing retained stones 
are available if the T tube is still in place. When the 
stone lies between the T tube and the ampulla, 
considerable success has been achieved using infusions 
of bile salts (Waye et al., 1972) and heparin solutions 
(Gardner, 1973). In some cases saline alone may have 
sufficient flushing effect (Catt et al., 1974; Mackie et 
al, 1975). In 3 of our patients (Cases 1, 2 and 6) 
dissolution was attempted using heparin, and bile 
salts were used in 1 (Case 4) with no success. Recently 
Davies et al. (1977) have described a method of 
breaking down large stones into smaller fragments 
using an ultrasonic drill, so that the fragments can be 
removed by the basket method. 

Burhenne (1976) has reported a collected series of 
612 cases of non-operative removal of retained stones 
from the biliary tree by radiological control, 
performed without mortality. A morbidity rate of 5 
per cent included 1 sinus tract perforation, 2 sub- 
hepatic bile collections, fever after extraction in 12 
patients, sepsis, pancreatitis and vasovagal reaction 
each in 2 patients. Reoperation for failure to remove 
stones was required in 55 patients (8 per cent). This 
morbidity is considerably less than that seen after 
reoperation. However, a death due to pancreatitis has 
pe reported using this technique (Polack et al., 
1977). 


We admit our patients overnight, while in other 
large series the patients were not hospitalized. 
Although Britton and his co-authors (1975) found this 
method of stone removal difficult, this has not been 
our experience. We find the method attractive because 
it is associated with minimal morbidity, is technically 
easy and, apart from radiological control, does not 
require elaborate and expensive equipment. 
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A single-centre double-blind trial of Trasylol therapy 


in primary acute pancreatitis 


C. W. IMRIE, I. S. BENJAMIN, J. C. FERGUSON, A. J. McKAY, 
I. MACKENZIE, J. O'NEILL AND L. H. BLUMGART* 


SUMMARY 

One hundred and sixty-one consecutive patients with 
primary acute pancreatitis were admitted to a double- 
blind trial of intravenous Trasylol therapy as a supple- 
ment to a standard regimen of conservative manage- 
ment. The patients were subdivided into younger (less 
than 60 years) and older patients (aged 60 years and 
over), and subjects in each group were randomly 
allocated on a double-blind basis either to Trasylol 
therapy (starter 500 000 KIU and thereafter 200 000 
q.i.d. for 5 days) or to placebo. There were 14 deaths 
(8-7 per cent), 7 in the Trasylol and 7 in the placebo 
group, and no significant difference was found in either 
the mortality or the major complications rate, either 
overall or within either age group. 

All 14 patients who died met the objective criteria 
for severe acute pancreatitis determined by the presence 
of at least three of a possible nine factors during the 
first 48 h of admission. Severe acute pancreatitis was 
present in 37 per cent of patients, who were evenly 
distributed between the Trasylol and placebo groups. 
Neither in those patients with severe nor those with less 
severe acute pancreatitis was there any significant 
difference between the two therapeutic regimens. 
Supplementary intravenous Trasylol therapy at this 
dosage confers no advantage over standard conservative 
treatment in the management of patients with primary 
acute pancreatitis, 


APROTININ (Trasylol) was originally introduced 
almost 30 years ago (Frey et al., 1950). However, 
following enthusiastic reports from uncontrolled 
studies and the use of the drug in experimental 
animals, initial clinical trials did not show it to confer 
any benefit in the treatment of acute pancreatitis 
(Skyring et al., 1965; Trapnell et al., 1967; Baden et al., 
1969). These studies were subject to criticism as the 
series were small and the dosage administered was 
considered inadequate. 

Uncertainty as to the place of Trasylol persisted 
until the results of the first controlled double-blind 
trial were published (Trapnell et al., 1974). The initial 
dose given was 200 000 KIU followed by 200 000 units 
6-hourly intravenously for 5 days. A significant 
reduction in mortality among the 53 patients receiving 
Trasylol (4 deaths, 7-5 per cent) compared with 52 
patients receiving placebo (13 deaths, 25 per cent) 
was reported. Particular value was shown for Trasylol 
administered to elderly patients. Although the 
evidence favoured the use of intravenous Trasylol in 
patients with acute pancreatitis, significant doubts 
remained as to the efficacy of the drug and also 
regarding the interpretation of the results of the 
Trapnell study. The mortality rate among the placebo 
group (25 per cent) is inordinately high when com- 
parison is made with other studies of conservative 
management of acute pancreatitis, both in the United 
Kingdom and abroad (Louw et al, 1967; Lukash, 
1967; Imrie and Blumgart, 1975; Dreiling et al., 1976; 


Ranson et al., 1976; MRC Multicentre Trial, 1977). 
Furthermore, patients with alcohol-associated acute 
pancreatitis, which is a common problem in many 
areas of the world and which carries as high a 
mortality as the biliary-associated disease (Imrie and 
Blumgart, 1975; Dreiling et al., 1976), were excluded. 
In addition, further criticism of the Trapnell study 
has been raised concerning the proportion of patients 
with mild disease in the Trasylol-treated group 
(Dreiling et al., 1976). 

A multicentre (ten-hospital) study coordinated by 
the Medical Research Council has been conducted over 
a time period similar to the present study (1974-7) 
(MRC Multicentre Trial,. 1977). The MRC trial 
was initiated to assess the place of both Trasylol and 
glucagon in the management of acute pancreatitis 
while our own trial reassesses intravenous Trasylol 
therapy alone. 

The present study was conducted in a single hospital 
where intensive monitoring and management of 
patients with acute pancreatitis had been in progress 
for 4 years under the direction of a small group of 
clinicians. Our baseline prospective study of 191 
patients with primary acute pancreatitis treated 
conservatively (without Trasylol or glucagon) indi- 
cated that the mortality in a placebo group was 
unlikely to exceed 10-12 per cent (Imrie and Blumgart, 
1975). Furthermore, patterns of incidence, aetiology 
and morbidity in our centre were well documented 
(Imrie and Whyte, 1975; Imrie et al., 1976). 


Patients and methods 

All patients with primary acute pancreatitis, irrespective of 
cause, were accepted into the study provided that treatment 
could be commenced within 48-60 h of onset. Patients with 
secondary acute pancreatitis (postoperative, post-traumatic, or 
post-investigative) and recurrent acute pancreatitis were 
excluded. Of the 161 patients, 156 were admitted with their 
first attack of acute pancreatitis, 4 in a second attack and 1 in 
a third attack (6 years after 2 earlier mild attacks). Patients 
were randomly allocated to either Trasylol A or Trasylol B in 
two separate age groups—-younger patients less than 60 years 
old (m — 100) and older patients aged 60 vears and over 
(n = 61). The allocation of patients was randomized by the 
statisticians of the Cancer Intelligence Unit, Ruchill Hospital, 
in sealed envelopes in groups of 20 patients. The code remained 
unbroken until completion of the entire study when Trasylol 
A was found to be the active form. 

During the 34 months of the study only 2 patients with 
complicated acute pancreatitis were excluded. The first had 
sustained 90 per cent burns following an alcoholic excess and 
the second was admitted to hospital with a myocardial 
infarction after a similar episode and developed acute pancrea- 
titis 24 h later. The first patient died but the second recovered. 

The diagnostic criteria were based on the clinical presentation, 
the presence of hyperamylasaemia in excess of 1200 1.u./1 
(normal 70-300 Lu./D and similar elevations in urinary 
amylase. In 12 patients with an appropriate clinical presentation 
and a less pronounced elevation in serum amylase, an elevated 


* University Department of Surgery, Royal Infirmary, 


Glasgow. 


338 C. W. Imrie ef al. 


Table I: OVERALL DEATHS IN DOUBLE-BLIND 
TRIAL 


Trasylol Placebo 
Younger patients (under 60 yr) 3/50 4j 50 
Older patients (60 yr +) 4/30 3/31 
Total 7/80 7/81 
(8-87;) (8:675) 
Fourteen deaths in 161 patients (8 725) 
Table I: SEVERE ACUTE PANCREATITIS 
Trasylol Placebo Total 
Younger patients li 13 24 
Older patients 18 18 36 
Total 29 31 60 
(37-24) 


Seven of 29 given Trasylol died (24-172); 7 of 31 without 
Trasylol died (22:674). 


amylase clearance was also considered an adequate indicator 
of disease (Imrie and Whyte, 1975; Imrie et al., 1977). Early 
diagnostic laparotomy was required in only 2 patients and 
surgical intervention was reserved for those who developed the 
complications of pancreatic pseudocyst or abscess, Elective 
or semi-elective biliary surgery was performed in patients with 
gallstones, either during the same admission or a few weeks 
later. 

Particular attention was paid to early restoration of blood 
pressure and prevention of acute renal failure and acute 
respiratory insufficiency. The full conservative management 
regimen, including our approach to the problem of arterial 
hypoxia, has been previously reported (Imrie and Whyte, 
1975; Imrie et al., 1977). 

In the analysis of severity of acute pancreatitis a grading 
system was devised similar to that recently reported from New 
York (Ranson et al, 1976; Ranson and Pasternack, 1977). 
Patients were considered to have severe acute pancreatitis if, 
within the first 48 h of admission, three or more of the following 
nine factors were present: Pao, less than 60 mmHg (7:5 kPa); 
serum albumin less than 32 g/l; serum calcium less than 2-0 
mmol/l; white cell count in excess of 15 x 10°/l; transaminase 
enzymes in excess of 100 u/1; LDH in excess of 600 u/1; plasma 
glucose in excess of 10 mmol/l (in absence of diabetes); blood 
urea in excess of 16 mmol/l and not responding to intravenous 
fluid therapy; age greater than $5 years. 

The dose of intravenous Trasylol given was 500 000 KIU 
on admission and 200 000 units 6-hourly thereafter for 5 days. 
The total dose of Trasylol was 4-5 million units, and is similar 
to that used by Trapnell (Trapnell et al, 1974), with the 
exception of our larger starter dose. 


Results 

Of the 161 patients admitted there were 69 males and 
92 females with a mean age of 51:4 years. The 100 
younger patients (aged 60 years or less) comprised 
52 males and 48 females with a mean age of 40 years, 
while the 61 older patients (aged 60 years or over) 
comprised 17 males and 44 females with a mean age 
of 71 years. 

A total of 134 patients (83-2 per cent) had either 
biliary disease (n — 84) or alcohol (» — 51) as associ- 
ated aetiological factors (one patient had both). Less 
common aetiological factors (Coxsackie viral infection, 
hyperparathyroidism or carcinoma arising in stomach 
or pancreas) were identified in a further 6 patients. 
There remain 21 patients (13-0 per cent) who either had 
no known aetiology or are still under investigation. 
Hyperlipoproteinaemia was sought in each patient but 
was identified in only 1 case, a patient who also had 
alcohol as an aetiological factor. 


Biliary disease was identified in 44 younger patients 
(11 male, 33 female) and in 40 older patients (10 male, 
30 female). Nine of these patients were readmitted to 
the study with a further attack of acute pancreatitis 
and one 77-year-old patient died during her third 
attack of acute pancreatitis. Most of these recurrent 
attacks occurred soon after the initial admission to 
hospital, during which biliary investigation either had 
been incomplete or had failed to detect the presence 
of gallstones. 

Alcohol abuse preceded the attack of acute pan- 
creatitis by 12-36 h in 48 younger patients (41 male, 
7 female) and 3 older patients (all female). Eleven of 
these patients, one of whom also had gallstones, 
persisted in taking alcohol and suffered at least one 
recurrent attack during the period of the study. 


Severity of disease 

Sixty patients (37-2 per cent) of the 161 in the study 
had severe acute pancreatitis by the criteria described. 
These patients were evenly distributed between the 


two therapy groups, 29 receiving Trasylol and 31 
placebo. 


Mortality 

The results for the entire study showed no difference 
in mortality between the patients receiving Trasylol 
and those receiving placebo, and the overall mortality 
rate was 8-7 per cent (Table I). Seven younger patients 
died, 3 of the 50 patients receiving Trasylol therapy 
and 4 of the same number on placebo therapy, a 
mortality rate of 7 per cent (Table I). Only 7 of the 
older patients died, 4 of the 30 who received Trasylol 
(13:3 per cent) and 3 of the 31 in the placebo group 
(9-7 per cent). There is no significant difference in 
mortality between the two therapies in younger or 
older patients and the overall mortality in the two 
therapeutic groups is virtually identical. 

Twenty-four of the younger patients (11 Trasylol 
and 13 placebo) and 36 of the older patients (18 
Trasylol and 18 placebo) met the criteria for severe 
disease (Table H). All 14 patients who died were 
judged to have severe disease by the presence of at 
least three of the nine factors described. There was also 
no significant difference within this group of patients 
with severe acute pancreatitis between the mortality 
rate among the Trasylol-treated patients (24-1 per cent) 
and those on placebo therapy (22:6 per cent) (Table 
IH). Furthermore, the exclusion of age in excess of 55 
years as a criterion of severity results in an almost 
identical mortality for the patients receiving Trasylol 
and placebo. Thus, of the 42 patients with three 
prognostic factors out of a possible eight present, 5 of 
18 in the Trasylol group (28-8 per cent) and 7 of 24 in 
the placebo group (29-2 per cent) died. 

Major complications developed in many of the 
fatal cases, and respiratory failure, judged by the 
need for assisted ventilator therapy, was the most 
frequent (Table HD. Myocardial infarction, judged by 
cardiographic and autopsy evidence, was present in 
6 patients, 4 of whom had a previous history of 
ischaemic heart disease or previous myocardial 
infarction. Acute renal failure was present in 5 of the 
patients who died. Finally, 3 of the 14 patients who 
died were diagnosed to have pancreatic abscess 
formation before their death. Two of the younger 
patients who died within 24h of admission (both in 
the placebo group) had most unusual complications 


Table II: DEATHS FROM ACUTE PANCREATITIS 


Patient Sex Aetiology Therapy 

Younger patients (n= 7) 
M BD T 
2 M Ale. + HL T 
3 F ? T 
4 M ? P 
5 M Ale. P 

F BD P 

7 M Alc. P 

Older patients (n = 7) 
I ? ? T 
2 F BD T 
3 F BD T 
4 F Alc. T 
5 F ? P 
6 F Alc. P 
7 F BD P 
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Time of 
Major complications death (d) 
Pancreatic abscess -- septicaemia 28 
Respiratory 4- renal failure; peripancreatic 6 
haemorrhage 
Respiratory failure; myocardial infarct 6 
Severe cardiovascular collapse; diffuse 1 
ecchymosis; coma 
Clostridia septicaemia 1 
Respiratory +- renal failures; myocardial 7 
infarct; pancreatic abscess 
Respiratory -- renal failure; myocardial $ 
infarct 
Myocardial infarct; lower aortic occlusion li 
Respiratory-+renal failure 1 
Respiratory + renal failure 2 
Myocardial infarct; ventricular fibrillation 3 
Bronchopneumonia; pancreatic abscess 22 
Respiratory failure 3 
Respiratory failure; myocardial infarct 13 


Alc., Alcohol; BD, biliary disease; HL, hyperlipoproteinaemia (type V); T, Trasylol; P, placebo. 


of acute pancreatitis. The first presented with severe 
cardiovascular collapse and widespread ecchymosis 
while the second developed a Clostridium welchii 
septicaemia. In this second patient no evidence of 
gallstones was found at autopsy (Table III). 

The mean survival time from hospital admission 
for the patients who died was 8 days (range 1-28 
days). Amongst the younger patients, the 7 who died 
had a mean age of 51-0 years and the 7 older patients 
who died had a mean age of 74-5 years. 

Ten of the 14 patients who died had an autopsy 
performed and there is little doubt as to aetiology in 
these patients, 5 having biliary disease (3 Trasylol, 2 
placebo) and 5 an antecedent history of recent heavy 
alcohol abuse (2 Trasylol, 3 placebo). Death occurred 
in less than 6 per cent of patients with a biliary 
aetiology and approximately 10 per cent of the 51 
patients with an alcohol aetiology. The available 
evidence was considered inadequate to pinpoint an 
aetiology for acute pancreatitis in the 4 patients (2 
Trasylol, 2 placebo) who had no autopsy performed 
(Table IIT). 


Morbidity 

Nine patients (4 Trasylol, 5 placebo) developed 
pancreatic pseudocysts diagnosed by clinical presenta- 
tion, ultrasonic scanning and barium meal studies. 
Three of these pseudocysts resolved spontaneously 
while 6 required surgical drainage. All 6 patients were 
discharged home after recovery from the initial phase 
of acute pancreatitis and readmitted for internal 
drainage procedures. Two of the 6 patients (1 
Trasylol, 1 placebo) died following cystogastrostomy 
and these deaths were not included in the detailed 
assessment of mortality as both had recovered from 
the initial period of the disease. 

Six patients developed a pancreatic abscess (2 
Trasylol, 4 placebo) and 4 of these had surgical 
drainage performed during the initial admission to 
hospital, the remaining 2 being preterminal and unfit 
to undergo anaesthesia and surgery. One of the 4 
whose abscess was drained developed a further abscess 
from which he died 28 days after admission (Table HI). 


Severe arterial hypoxia (Pao,<60 mmHg or 75 
kPa) developed in 47-1 per cent of patients (n — 76) 
with no significant difference between the numbers in 
the Trasylol and placebo group. Only 8 of these 
patients (4 Trasylol, 4 placebo) failed to obtain a good 
response to supplementary humidified oxygen therapy 
aue they required assisted ventilator therapy, but all 
died. 

Finally, 5 patients (3 Trasylol, 2 placebo) developed 
acute renal failure, in 3 of whom this was a pre- 
terminal event. None of these 5 survived. | 


Discussion 

This single-centre study has shown that intravenous 
Trasylol confers no therapeutic advantage in the 
treatment of patients with primary acute pancreatitis. 
Irrespective of the age of these patients, the aetiology 
or severity of disease, there was no benefit in terms of 
mortality or morbidity from the addition of Trasylol 
therapy to a careful conservative management 
regimen. We have examined the incidence of complica- 
tions of acute pancreatitis and found no difference in 
severe arterial hypoxia, respiratory or renal failure 
and pseudocyst or abscess formation between those 
patients receiving Trasylol and those receiving 
placebo. These results are at variance with a previous 
study (Trapnell et al, 1974) which suggested that 
Trasylol therapy was of considerable benefit, particu- 
larly to the older patient. In respect of mortality, the 
findings of the present study are in agreement with 
the contemporaneously conducted MRC trial (MRC 
Multicentre Trial, 1977). 

The present study had the advantage of access to 
reliable data from a preceding prospective study of 
191 patients with primary acute pancreatitis in the 
same hospital (Imrie and Blumgart, 1975; Imrie and 
Whyte, 1975). Such detailed local information on the 
nature and management of the disease adds an 
important additional dimension to the conduct of 
clinical trials (Hamilton, 1974). 

Our study, which was conducted in one hospital, 
has enabled a much more complete screening for 
aetiological factors than is possible in a multicentre 
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study. This is reflected in only 13 per cent of our 
patients having an unknown aetiology compared with 
the 30 per cent reported by the MRC Multicentre 
Trial (1977). 

It is usual for the first attack of acute pancreatitis to 
be the most severe, although our patient who died in 
her third attack is a reminder that exceptions do 
occur. Patients undergoing a first attack of acute 
pancreatitis represented 97 per cent of the total in our 
study and 76 per cent in the ten hospitals included in 
the MRC trial. 

Thirty-two per cent of our patients had an alcohol 
aetiology compared with only 9 per cent in the MRC 
study, and this difference is partly explained by the 
known regional variations within the United Kingdom 
in respect of alcohol intake. Alcohol does represent a 
greater social problem in Scotland than in other areas 
(Clayson Committee Report on Scottish Licensing 
Laws, 1973), but it is surprising that the incidence was 
as low as 9 per cent in the multicentre study in view 
of the finding of a higher incidence in England and 
Wales some 5 years earlier (Trapnell, 1972). Our 
previous experience had indicated that the mortality 
rate for alcohol-associated acute pancreatitis, which 
Occurs in a younger age group, was equal to that for 
patients with a biliary aetiology (Imrie and Blumgart, 
1975). Indeed, in the present study the risk of death 
from alcohol-associated acute pancreatitis exceeded 
that for biliary-associated disease. 

Although the number of patients treated with active 
Trasylol in the MRC and our own study was similar 
(66 and 80 respectively), we separately randomized 
active and placebo therapy within a younger and 
older patient group. This permitted a more accurate 
assessment of the role of Trasylol. We have been 
unable to confirm the suggestion that Trasylol is of 
maximum benefit to the older patient (Trapnell et al., 
1974). Indeed, there was one more death in the group 
of older patients receiving Trasylol and no significant 
difference in morbidity between the two treatment 
groups. 

An important advance in the analysis of patients in 
the present study has been the application of a grading 
system for severity of the disease, based on objective 
findings within the first 48 h of admission. The results 
of our study provide validation for this type of 
assessment, first introduced in the United States 
(Ranson et aL, 1976). The accuracy of the criteria 
chosen to assess severity is borne out by the inclusion 
of all 14 patients who died within the group of 60 
patients (37 per cent) considered to have severe 
disease. Unlike the American workers (Ranson et al., 
1976), we omitted percentage change in haematocrit, 
maximum base deficit and total fluid sequestration 
from our assessment but included hypoalbuminaemia 
as an important criterion of severity (Imrie et al., 
1976). We would now consider it essential that a 
similar system of objective prognostic factors in the 
assessment of patients with acute pancreatitis be 
included in all future studies of the disease. It is 
interesting that, if age is excluded as a criterion of 
severity, thus reducing the number of prognostic 
signs to eight, 42 of our patients (26 per cent) had 
severe disease—22 younger and 20 older patients, with 
nearly identical mortality rates for Trasylol and 
placebo therapy (28-8 and 29-2 per cent respectively). 

The balance of evidence currently available suggests 
that active conservative management of severe acute 


pancreatitis utilizing peritoneal dialysis and assisted 
ventilator therapy when indicated offers the best 
chance of survival. It is perhaps important to 
emphasize other features in the care of the patient 
with severe acute pancreatitis. Careful attention must 
be paid to the occasional major coagulation abnor- 
mality (Murphy et al., 1977) and problems of hypo- 
albuminaemia (Imrie et al., 1976) and hypocalcaemia 
(Weir et al, 1975; Allam and Imrie, 1977). The 
indications for surgical intervention with a view to 
early removal of slough or segmental or total resection 
of the pancreas are still imprecise, but the increased 
application. of objective grading of severe acute 
pancreatitis may help to define the small number of 
patients in whom it would be reasonable to adopt this 
therapeutic approach. 

In the light of the findings of both the MRC Multi- 
centre Trial (1977) and the present study, there is no 
case for the continued use of Trasylol in the stated 
dosage in the future management of patients with 
primary acute pancreatitis. 
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Drug therapy in intermittent claudication: an objective 
assessment of the effects of three drugs on 
patients with intermittent claudication 


A. MASHIAH, P. PATEL, I. G. SCHRAIBMAN AND D. CHARLESWORTH* 


SUMMARY 
It has been suggested that, by reducing the viscosity 
of blood, flow through capillaries is increased with 
consequent improvement in the symptoms of patients 
with peripheral vascular disease. We examined the 
effects of treatment with drugs purported to reduce 
blood viscosity to test the validity of this claim. 
Measurements of viscosity and the rate of blood 
flow to the leg were made in a group of patients before 
and after treatment with three different drugs—tetra- 
nicotinoylfructose (Bradilan), oxypentifylline (Trental) 
and cinnarizine (Stugeron).) All patients had inter- 
mittent claudication in one leg and the distribution 
of arteriosclerosis was similar in each patient. After 
treatment there was little or no change in blood 
viscosity and no change in the rate of flow recorded 
in the symptomatic legs. We did not find any objective 
evidence to support the use of these drugs in patients 
with intermittent claudication. 
As vasodilators do not increase calf muscle blood flow, and 
often decrease it, prescribing them for intermittent claudica- 
tion is useless (Gillespie, 1959). 


Since Gillespie wrote these words, a second generation 
of drugs has become available for the treatment of 
intermittent claudication. Furthermore, the manu- 
facturers of some of these drugs claim that their 
beneficial effects are brought about not by vaso- 
dilatation, but by a reduction in the viscosity of the 
blood. 

Assessment of the clinical effects of a drug on 
claudication is notoriously difficult and measure- 
ments made with the patient at rest are of no value. 
It is also known that many patients improve spon- 
taneously (Bloor, 1961). This improvement usually 
occurs within 12 months of the onset of symptoms, 
and is liable to be confused with the effects of a drug 
given coincidently. If we are to accept that a drug is 
of benefit to a patient who has intermittent claudi- 
cation, we must have objective evidence that long 
term oral treatment will produce an increased flow 
of blood to the muscles of the calf during exercise. 

We have assessed the effects of three drugs on the 
peripheral circulation. Two of these, tetranicotinoyl- 
fructose (Bradilan) and oxypentifylline (Trental), are 
said to improve claudication by reducing the viscosity 
of blood, the third, cinnarizine (Stugeron) is a 
vasodilator. 


Patients and methods 

Thirteen patients, 9 males and 4 females, aged between 55 and 
74 (mean 62-3 years) were studied. All had had intermittent 
claudication in one calf for more than 1 year and 5 of them 
had had symptoms for more than 2 years. The claudication 
distance varied from 30 to 500 m. Each patient had a good 
pulse in both groins, with clinical signs and angiographic 
evidence of a complete occlusion of the superficial femoral 
artery on one side. None of the patients had rest pain. 


All treatment was stopped for 1 month before the initial 
measurements were made. Mean flow in the calf was estimated 
by venous occlusion plethysmography and radioisotope wash- 
out at rest and after a period of ischaemic exercise. At the 
same time samples of blood were taken for estimation of 
packed cell volume and measurement of various indices of 
viscosity (Humphreys et al., 1976; Walker et al., 1976). 

These measurements were repeated after an interval of 2 
weeks and an average of the two was used to obtain a base line. 
Patients were then given a particular drug for 6 weeks. Tablets 
were supplied in bottles containing sufficient for 14 days’ 
treatment plus an exact number of surplus tablets. They were 
told to return the bottles with any unused tablets each fort- 
night. The number of tablets returned provided a guide as to 
whether the patients had followed the regimen of treatment 
faithfully. 

All measurements were repeated after 6 weeks oral therapy 
with one of the three drugs under examination. After an 
interval of 2-3 weeks the patients were given an alternative 
drug for a further 6 weeks and the measurements were 
repeated. Eleven out of the 13 patients had the sequence 
repeated and were given the third drug. Measurements were 
conducted in an unmodified clinical laboratory in which the 
ambient temperature varied from 21 to 25 ^C. 


Venous occlusion plethysmography 

Venous occlusion plethysmography was used to measure flow 
in the calf. Patients rested with the legs exposed and elevated 
slightly above horizontal for 10 min before any measurements 
were made. À mercury-in-Silastic strain gauge was placed 
around the largest circumference of the calf and connected via 
a Wheatstone bridge to a d.c. amplifier and an ink recorder 
(Servoscribe IS). Calculations of flow in mi/100 mg tissue/ min 
were based on the formula (2 x S x 100)/(B x C), where S is the 
slope of the curve following venous occlusion, C is the original 
circumference of the calf and B is a calibration factor (Whitney, 
1953; Schraibman et al. 1975). 

Six readings were obtained and the mean flow calculated. 
The pressure cuff was then inflated to 250 mmHg for 3 min. 
During this time the patient exercised by plantar flexing his 
foot against the resistance of a spring fixed to the bottom of 
the bed. The cuff was deflated and measurements repeated at 
intervals of 20 s for 6 min. A graph of mean flow against time 
was plotted (Fig. 1). Several variables were calculated from 
the graphs, namely rate of flow at rest in ml/100 mg tissue/ 
min, peak flow after exercise and a ratio of peak flow to rest 
flow. Except in patients with severe claudication, peak flow was 
usually the first point on the curve, i.e. 20 s after cessation of 
exercise. A fourth variable was derived by measuring the time 
interval between peak flow and the time at which flow fell 
to one-third of this value. 


1335 Ye washout 

After the initial period of rest, 0-2 ml of Xe was injected 
directly into the bulk of the medial head of the gastrocnemius 
muscle, at a depth of 2 cm, using a fine needle. The rate of 
disappearance of the isotope from the muscle was monitored 
by a scintillation detector (EP 151 scintillation detector with 
a 5x4 5cm sodium iodide crystal). Pulses in the range 
160-10 per cent keV were recorded on an MS310 counter 
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Fig. 1. Flow values (calculated from formula 2 x § x 100/8 x C) 
against time. Zero time represents the point at which 

the thigh cuff was released after ischaemic exercise. 

X represents maximum flow, the interval between zero and 
the point in tíme at which flow reached a level 

equal to X/3 is the time constant. 
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Fig. 2. Count rate against time for xenon clearance. 

Y represents the difference between the count rate at rest 
and one calculated by extrapolation from the rate after 
recovery from exercise. The interval in time between 300 
and the point in time at which clearance fell to. Y/3 

is the time constant. 


ratemeter, The scintillation detector was held at about 20 cm 
vertically above the site of the injection. In this position, 
depending on the activity of the Xe, an average of 400-800 
counts/s was obtained. The total number of counts in 10 s was 
recorded and the measurements repeated at intervals of 20 s. 

The clearance rate at rest was measured and the pressure 
cuff on the thigh was inflated rapidly to 250 mmHg. The 
patient then exercised for 3 min in the same way as in the 
plethysmography study. Counts were recorded for 10 min 
after exercise. A graph was plotted of counts/I0 s against time 
(Fig. 2). The time interval between peak flow and recovery to 
one-third of this value was measured from the graph as in the 
plethysmography study. 


Pulsatility index 

A velocity wave form was obtained from both femoral arteries 
by analysis of Doppler-shifted ultrasound signals (Parks 
model 802 Doppler) and analysed to give a pulsatility index 
(Gosling et aL, 1971). 


Pressure index 

The blood pressure was recorded in the arm and at the ankle 
using an ultrasound probe to detect the systolic pressure 
pulse. The values obtained were then expressed as a ratio— 
the pressure index (Gourmos et al., 1970). 
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Table I; MEASUREMENTS BEFORE TREATMENT 


Asymptomatic Symptomatic 
leg leg rnt 
Femoral pulsatility 5:1-22 484-2:3 0:31 
index 
Rest flow 684-41 72465 039 
(ml 100 g^ min-!) 
Peak flow 39-9 +. 22:9 304-128 — 0:0928 
(ml 100 g^! min“) 
Peak flow 
a) x 100 7412:370 5424320 — 0-038 
Rest flow 
$ Recovery time (s) 152 4-98 205 +- 90 0-038 
$ Xe recovery 66 :- 20-4 76:8 3-46 0:29 
time (s) 
* Unpaired ¢ test. 
Table H: INDICES OF VISCOSITY MEASURED 
BEFORE TREATMENT 
Patients Normals 
Measurements --s.d. 4- s.d. P* 
Asymptotic viscosity 3-90 :- 0-61 3-58-4032 0:001 
(cps) 
Viscosity at shear rate 4-64 --0-35 427.022. 0:004 
124 s^! 
Viscosity at shear rate | 23:84-- 3-78 18494284 — 0-0007 
|:24 57! 
Yield stress (dyn/cm?) — 0-195-- 0-07 0.17--0-05 0-01 


* Unpaired z test. 

There was a highly significant difference between the indices 
of viscosity in our group of patients and the normal 
population. 


Viscosity 

A 20-mi sample of blood was taken from the antecubital vein 
and anticoagulated with EDTA. Aliquots were used to measure 
the haematocrit, whole blood count, viscosity at two rates of 
shear, the asymptotic viscosity and an index of yield stress. 
Viscosity was measured in a coaxial cylinder viscometer 
(Contraves low shear 2). The viscosities and yield stress were 
corrected to a standard haematocrit of 45 per cent from 
regression equations calculated from a large group of normal 
volunteers (Humphreys, 1975). 


. Results 


The femoral pulsatility index was above 4 in both 
legs of all patients. The arm : ankle pressure ratio 
in asymptomatic legs was higher than in the sympto- 
matic ones (asymptomatic, 1-21 +0-18; symptomatic, 
1:00 +027; P = 0-015). 

The ratio of peak flow to rest flow was significantly 
higher in asymptomatic legs, whilst symptomatic 
legs took longer to recover from exercise. After 
exercise there was no difference in the rate of clear- 
ance of }4°Xe between the symptomatic and asympto- 
matic legs (Table I). Table Il shows the values for | 
measurements of blood viscosity before treatment, 
corrected to a standard haematocrit of 45 per cent. 

After 6 weeks of treatment with tetranicotinoyl- 
fructose (Bradilan) (Table IIT) there was a reduction 
in the ratio of peak flow : rest flow for the asympto- 
matic legs (P — 0-00165) and a reduction in the peak 
flow (P — 0-015). There was a decrease in the rate of 
333Xe clearance in the symptomatic legs (P = 0-297). 
After 6 weeks of treatment with oxypentifylline 
(Trental) there was a reduction in the ratio of peak 
flow : rest flow for both legs (asymptomatic legs P 
= 0-0083, symptomatic legs P = 0-011) and a reduc- 
tion of peak flow in the asymptomatic legs (P — 
0-0069). After 6 weeks of treatment with cinnarizine 
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Table IH: MEASUREMENTS AFTER TREATMENT 


Rest flow 
(ml 100 g^! min^?) 


Tetranicotinoylfructose 


Asymptomatic leg 7.84 30-2 

Symptomatic leg 11-62 31-6 
Oxypentifylline 

Asymptomatic leg 6:01 22:9 — 

Symptomatic leg 7-00 24-0 
Cinnarizine 

Asymptomatic leg 4:18 — 22-8 — 

Svmptomatic leg 5.22 18-7 — 


Peak flow 
(ml 100 g min-') 


$ Xe 

Peak flow’ go 3$ Recovery recovery time 
Rest flow / time (s) (s) 

553 — 124 84-8 

456 200 101-2 

523 — 97 74 

3352 — 157 96 

538 151 74 

457 145 128 4- 


Values which changed significantly (P = 0-05) after treatment. The direction of change, increase or decrease, is indicated by 


+ or —. 


Table IV: INDICES OF VISCOSITY MEASURED 
AFTER TREATMENT 


Tetra- 
nicotinoyl- Oxpenti- 
fructose fylline Cinnarizine 
Asymptotic viscosity 4-08 4-02 4.11 
High shear (124 s?) 4:57 4-61 4-67 
Low shear (1-24 s^?) 23-03 23:47 23-91 
Yield stress (dyn cm~*) 0-205 0-196 0-206 


(Stugeron) there was a reduction in rest flow in the 
asymptomatic legs (P = 0-0067) and in the sympto- 
matic legs (P = 0-00458), and a reduction in peak 
flow in both legs (asymptomatic, P = 0-0196; sympto- 
matic P = 0-00095), The rate of '?Xe clearance was 
reduced in the symptomatic legs (P = 0-0306). 

Table IV shows the results of the measurements of 
blood viscosity after treatment by all three drugs. 
The only change in viscosity was seen after treatment 
with tetranicotinoylfructose (P — 0-0332 at a shear 
rate of 124s-! and P = 00292 at a shear rate of 
1:24s-. Although there was some reduction in 
viscosity after treatment, the values remain higher 
than normal. 


Discussion 

Nearly half the people who develop intermittent 
claudication improve spontaneously, and in the 
majority this improvement takes place within 12 
months of the onset of symptoms. For this study we 
chose patients whose symptoms had been stable for 
12 months, to avoid confusion between the action of 
the drug and spontaneous change. By comparing 
one leg with the other in the same patient we hoped to 
avoid any misinterpretation of the results if change 
had occurred due to differences in the environment 
between sets of measurements. 

The pulsatility index in the common femoral 
artery was greater than 4 on both sides in every 
patient; from previous work this suggests that there 
was no stenosis in the iliac arteries and that the 
patients were a homogeneous group (Harris et al., 
1974; Charlesworth et al, 1975). The ratio of the 
systolic pressure at the ankle to that in the brachial 
artery was significantly less in the symptomatic 
legs, and there was a difference in the peak flow in 
response to exercise between ‘good’ and ‘bad’ legs. 
These findings support the clinical and radiographic 
evidence that the symptoms were due to an occlusion 
of the superficial femoral artery in the symptomatic leg 
and that the differences we observed between ‘good’ 


and 'bad' legs were the consequences of this arterial 
obstruction. 

It has been suggested that tetranicotinoylfructose 
(Bradilan) and oxypentifylline (Trental) improve the 
circulation by reducing the viscosity of blood. Many 
claudicants have a raised blood viscosity and our 
group of patients had a significantly higher blood 
viscosity than normal. Treatment for 6 weeks by 
oxypentifylline, given orally, did not alter the vis- 
cosity of the patients’ blood, nor did 6 weeks of 
treatment with cinnarizine, but this was expected 
since it is a vasodilator. After tetranicotinoylfructose, 
viscosity at low rates of shear, corrected to a standard 
haematocrit, showed a significant reduction but the 
values remained higher than those of the normal 
population. 

We measured the rate of blood flow in the muscles 
of the calf by two different methods, !?Xe clearance 
and venous occlusion plethysmography. Xe wash- 
out did not give reproducible results; when plotted on 
semilogarithmic paper the graphs of radioactivity 
against time varied considerably in shape. Some 
measurements produced single component curves, 
others two- or three-component curves and in two 
instances the curves could not be interpreted. In 
electronics, when decay time constants are measured, 
it is normal practice to express them as e-??, By 
analogy with this, we have described the radioiso- 
tope decay as a two-thirds recovery time. This has 
an added advantage in that it can be readily calcu- 
lated from the graph of countrates against time with- 
out transposition to semilogarithmic graph paper and 
extrapolating to zero. There was considerable vari- 
ation with both methods of expressing the results 
and, of the two, we have attached more credence to 
the results of venous plethysmography. 

After exercise the flow of blood in the calf was 
either reduced or unchanged by treatment with all 
three drugs, although there was some variation in 
peak flow and in the ratio of peak flow to rest flow 
between each drug. In normal people maximum 
flow is achieved almost instantaneously after ischaemic 
exercise and, in our patients, the measurement at 
20s was almost always the maximum value. It is 
possible that the changes in flow after exercise are 
time-dependent to such an extent that a measure- 
ment integrated over 20s would underestimate this 
value. However, maximum flow is maintained for a 
longer time in patients than in normal people, and it 
seems unlikely that the error is great. 

Theoretically, reducing the viscosity of blood 
will reduce peripheral resistance and increase the 


difference in pressure between the common femoral 
artery and the arteries in the foot, consequently 
increasing the flow. However, this is of academic 
interest only since the two drugs we tested which 
purported to reduce viscosity were ineffective. 

We were unable to demonstrate any obiective 
evidence of improved circulation in a group of 
patients given oral treatment with three different 
drugs. Our findings support the contention of pre- 
vious authors that treatment with drugs is unlikely 
to improve the flow of blood to the muscles of the 
calf in patients with intermittent claudication. 
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The treatment of early colorectal cancer by local 


excision 


M. R. LOCK, D. W. CAIRNS, JEAN K. RITCHIE AND 


H. E. LOCKHART-MUMMERY* 


SUMMARY 

An analysis is presented of 143 patients with earlv colo- 
rectal carcinoma treated by local excision between 1948 
and 1972 at St MarK's Hospital. The tumours are con- 
sidered in three groups; colonic tumours, pedunculated 
rectal tumours and non-pedunculated rectal tumours. 
The importance of careful clinical assessment and accu- 
rate pathological examination is emphasized. Local 
excision of the tumours, using various operative tech- 
niques, gave good results and this method of manage- 
ment can be recommended in the carefully selected 
case. 


Most rectal surgeons have been reluctant to treat 
patients with cancer by limited operations, fearing 
that such procedures might not be curative and rightly 
regarding cure as more important than the avoidance 
of a colostomy. But, over the years, a small number of 
cases of rectal cancer have been treated by local 
excision at this hospital as a matter of deliberate 
policy. Many of these have been ‘malignant polyps’, 
perhaps regarded clinically as benign, but showing 
carcinoma histologically. In other cases local excision 
has been a definitive procedure. Rarely, small but 
clinically malignant tumours have been so treated 
because the patients were considered unfit for major 
surgery. 


Patients and methods 

This retrospective review of patients with colorectal carcinoma 
treated by local excision in the years 1948-72 updates previous 
reports from this hospital which were concerned with the 
treatment of malignant polyps only. However, the main part 
of the paper deals with malignant non-polypoid rectal tumours 
treated by local excision. The case notes of all patients treated 
at this hospital by local excision for a single adenocarcinoma 
of the large bowel in the years under review were studied. 
These tumours constitute about 4 per cent of all operable 
colorectal carcinomas treated here during the same period. We 
have defined a local excision as any lesser procedure than one 
involving the removal of a full-thickness, circumferential seg- 
ment of bowel; this definition encompasses a spectrum of 
operative procedures. 

Patients with ulcerative colitis or adenomatous polyposis 
coli were not included. Twenty patients were excluded for the 
following reasons: original histological material not available 
for review (11); diathermy for symptomatic relief only (6); 
carcinoma in congenital remnant (2); previous treatment else- 
where (1). One hundred and forty-three patients were suitable 
for inclusion and complete pathological details of the same 
group have previously been reported (Morson et al., 1977). 
The patients were followed up until July 1976. 

It is the policy of this hospital to avoid biopsy of polyps 
(Carden and Morson, 1964); such lesions are excised completely 
for histological examination. If shown to be malignant, the 
policy of Lockhart-Mummery and Dukes (1952) is followed. 
These authors advocated major surgery when the lesion was 
shown to contain high grade carcinoma or when the margin of 
normal tissue around the tumour was considered to be inade- 
quate. 

The tumours will be considered in three groups: colonic, 
pedunculated rectal and non-pedunculated rectal tumours. 


Colonic tumours (30 patients) 

Colonoscopy was introduced at this hospital in 1971 and only 
one patient in this series had polypectomy by this method. 
Sigmoidoscopic polypectomy was carried out in 14 patients, 
including 2 who were treated in this way following mobili- 
zation of the colon at laparotomy. Fifteen patients underwent 
laparotomy and colotomy; in 13 the tumour was removed by 
transfixation ligature and excision and in one patient by dia- 
thermy snare. In the remaining patient with a tumour in the 
right transverse colon, the carcinoma was removed together 
with a surrounding full-thickness cuff of the colonic wall (disc 
excision). 

Four patients with tumours in the sigmoid colon underwent 
early restorative resection (within 6 weeks of the original 
operation) because of clinical doubts about the adequacy ef 
excision, but no residual tumour or nodal involvement was 
found. No patient with a colonic tumour required later opera- 
tion for recurrence or died of carcinoma. 


No further operation* 
$8 


Local excision | 


88 patients 
iš (local recurrence 2) 


Early reoperation -—-tÓ resection 19 


Rectal excision 5 
(nodal deposits 1) 


Inoperable 2 
4 


Late recurrence < 


Rectal excision 244 
(local and nodal tumour 1) 
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Fig. 1. Outcome in 88 patients with pedunculated rectal 
tumours. *One late death; **one postoperative death; for 
details see text. 


Pedunculated rectal tumours (89 patients) 

The term ‘pedunculated’ implies that the tumour was removed 
by transection of a stalk already present or produced surgically 
by traction upon the tumour. The tumours were removed by 
diathermy snare, ligature and excision or by biopsy forceps. 
Fifty-two of the tumours were in the upper third of the rectum, 
12 in the middle third and 25 in the lower third. In one patient 
the operation was a palliative procedure in the presence of 
known liver metastases. The outcome in the remaining 88 
patients is shown in Fig. 1. Sixty-eight patients had no further 
operation: one only was considered to have developed meta- 
static disease, dying 5 years later with secondary pulmonary 
deposits with no evidence of rectal tumour. 

Sixteen patients underwent early reoperation (local excision 
1, anterior resection 10, rectal excision 5). The indications for 
these procedures were pathological reports indicating incom- 
plete excision in 13 patients and a high grade tumour in 1, 
while in 2 patients there was clinical doubt about the adequacy 
EAEE cS TURNER RDUM MU 
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of the excision. No residual tumour was found in the patient 
treated by further local excision and she remains alive and well 
12 years later; the results in the other 15 patients should be 
considered as those of the major surgical procedure (Lockhart- 
Mummery et al, 1976). In only 3 of these 16 patients was 
residual growth found; at the site of local excision in 2 cases 
and in the nodes in 1. The discrepancy between expected and 
observed residual growth at the primary site may be explained 
by the damaging action of a diathermy snare, as discussed later. 

Of the remaining 72 patients, 4 were considered to have 
developed recurrent disease. Two patients had inoperable 
disease at intervals of 13 months and 4} vears respectively 
after the initial local excision. The third patient underwent 
rectal excision 5 years after the original operation. There was 
extrarectal disease and two involved nodes. He remains well 
22 years later. The fourth patient was thought to have local 
recurrence 5 years after the initial local excision. Following 
rectal excision no tumour was found in the specimen; unfortu- 
nately this patient died postoperatively of acute gastric 
dilatation. 


Non-pedunculated rectal tumours (24 patients) 

Two of these patients were treated by local excision as a means 
of palliation, having known tumour elsewhere; these patients 
are excluded from further analysis. 

In the remaining 22 patients, there were 7 males (age range 
63-83 years, average 72-9 years) and 15 females (age range 52- 
87 years, average 68-9 years). Fifteen patients had a positive 
biopsy preoperatively, 4 were thought clinically to have a 
malignant lesion and in the remaining 3 this was apparently 
unsuspected on examination. 

It is not possible in a retrospective review of this type to be 
certain why local excision was the treatment of choice in most 
of these patients. Among the general indications were age, poor 
general health or obesity, while local indications included size 
and site in the rectum. The macroscopic appearances were 
those of an ulcer in 11 patients, a protuberant tumour in 9 and 
a villous tumour in 2. At operation, the tumours ranged in 
size from 1x 1l cm to 5x5 cm: 14 of the tumours were 3cm 
or less in maximum diameter and all but one were freely 
mobile. One tumour was situated in the upper third of the 
rectum, 8 in the middle third and 13 in the lower third; they were 
evenly distributed throughout the circumference of the rectum. 


Methods of excision: The surgical techniques used in these 22 
patients are summarized in relation to the longitudinal site in 
Table I. 

The technique for which we have used the term ‘peranal disc 
excision’ consists of removal of a full-thickness disc of rectal 
wall and resuture via a peranal route using sorhe form of anal 
retraction to facilitate access. 

The same technique of a full-thickness disc excision was used 
but with different approaches in 7 patients: trans-sphincteric 
approach (Mason, 1970) 4, transvaginal 2 and posterior 1 
(Kraske, 1885). 

In 2 patients with a villous lesion, the tumour was removed 
after submucosal infiltration with 1 in 300 000 adrenaline 
saline (Parks and Stuart, 1973). In these cases a suspicious 
area was excised more deeply and subsequently shown to be 
malignant. 


Results 

Postoperative complications 

Among the 9 patients treated by disc excision, 1 
patient developed a urinary tract infection and another 
a minimal infection of the suture line. Two of the 4 
patients treated via a trans-sphincteric approach 
developed complications; a urinary tract infection in 
one and a wound infection in the other. The 2 patients 
treated by transvaginal proctotomy both developed 
rectovaginal fistulas which healed spontaneously. 


Outcome 
The outcome in the whole group of 22 patients is sum- 
marized in Fig. 2. Fifteen patients had no further 
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Fig. 2. Outcome in 22 patients with non-pedunculated tumours. 
*One late death; for details see text. 


Table I: METHODS OF EXCISION OF 22 NON- 
PEDUNCULATED RECTAL TUMOURS 


Method Site 

of excision Upper third Middle third Lower third 

Peranal disc 0 3 10 

Trans-sphincteric 0 2 2 
approach 

Other proctotomy 0 3 0 

Submucosal exci- l 0 1 


sion (arising in 
villous adenoma) 


M 


Two palliative cases have been excluded. 


operation; there was one related death as detailed 
below. Five patients had an early major reoperation 
(anterior resection 2, rectal excision 3), for high grade 
tumour and/or incomplete excision in 4 and as a 
clinical decision in 1. Two of these cases were found 
to have residual tumour—in the nodes in both cases. 
Reoperation in these 2 latter cases was for incomplete 
excision, but one patient also had a high grade tumour 
and the other had the only tumour in the group which 
showed some degree of fixity. 

Late recurrence occurred in 2 patients. In one 
patient tumour was found at 10 months and this was 
treated by a further local excision (histologically com- 
plete), but 4 years later she was reported from another 
hospital as having a further rectal neoplasm: no details 
were available. The other patient had a rectal excision 
] year after the original operation and 6 out of 8 
nodes were involved in addition to local recurrence; 
death over 4 years later was due to unrelated causes. 


Related mortality 
There were 3 related deaths but 2 of these patients had 
had an early rectal excision and should be considered 
in the context of the results of that major operation. 
The remaining patient was an 87-year-old woman 
with bronchitis and emphysema. Although the local 
excision was histologically incomplete, it was decided 
that further surgery was contraindicated. She died 
over 2 years later with local recurrence and pulmonary 
metastases. 


Discussion 
About 15 per cent of all colorectal cancers resected 
prove to be Dukes’ stage A cases on pathological 
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examination and this proportion has changed very 
little over the years. Theoretically, therefore, these 
‘patients might have been successfully treated by local 
excision of the tumour and spared a major operation, 
perhaps with a permanent stoma. During the 25 years 
under review, only about 4 per cent of our patients 
have been so treated, suggesting that surgeons are 
reluctant to undertake this method of treatment even 
when expert pathological services are available. This 
low figure could be increased if it were possible to 
predict accurately preoperatively which tumours 
could be treated successfully by local excision. A study 
is at present in progress to correlate preoperative 
clinical impressions with pathological findings in 
patients with rectal carcinoma in an attempt to 
elucidate this problem. 


Colonic tumours 

In this series, half of the colonic tumours were re- 
moved by sigmoidoscopic polypectomy and the 
results were completely satisfactory. Similar manage- 
ment is used at the present time. Colonoscopic dia- 
thermy polypectomy has, however, provided an ex- 
tension to this method throughout the colon. This is 
probably the treatment of choice at the present time 
in centres where experienced colonoscopists are avail- 
able. The 15 patients who were treated by laparotomy 
and colotomy are therefore mainly of historical 
interest. Although an early resection was carried out 
in 4 patients, residual tumour or involved nodes were 
not found. It should be noted that none of the 30 
patients with a colonic tumour developed a recurrence 
nor is any patient known to have died of carcinoma. 
This suggests that colonoscopic polypectomy should 
prove an equally satisfactory method of treatment. 


Pedunculated rectal tumours 

Pedunculated tumours were the type most frequently 
treated in the rectum. Fig. 1 shows that this treatment 
was, on the whole, successful using either diathermy 
snare or ligature and excision. Both these methods 
remain standard practice. Only 1 of the 68 patients 
who did not have a further operation died from carcin- 
oma; as there was no evidence of recurrent rectal 
disease it may be argued that this venous spread would 
have occurred irrespective of the type of operation. 
The 2 patients found to have recurrent inoperable 
carcinoma should be regarded as failures; one failed 
to attend for follow-up and the other, with a poorly 
differentiated tumour, should have had an early 
reoperation. 


Non-pedunculated rectal tumours 
From this series, it is apparent that local excision for 
non-pedunculated rectal tumours has been very rarely 
practised at this hospital (one case a year on average). 
Fifteen of the 22 patients had no further operation 
and only 1 of these patients died of carcinoma; this 
resulted from an active decision to undertake no 
further treatment in a woman of 87 years. Of the 2 
patients with recurrence, one remains well after rectal 
excision while the other is known to have recurrent 
disease and liver metastases at the age of 79 years 
following a second local excision at St Mark's 
Hospital but follow-up elsewhere. 

Local excision of non-pedunculated rectal tumours 
is rarely considered for tumours in the upper third of 


the rectum where anterior resection remains the treat- 
ment of choice. Interest centres around tumours of 
the middle and lower thirds of the rectum. At the 
former site, radical restorative procedures carry a 
definite morbidity and mortality, with rectal excision 
and a permanent stoma as the only alternative. In the 
lower third, restorative procedures may be possible 
but are technically difficult; most patients undergo 
rectal excision. 

It has proved difficult to define criteria for local 
excision of non-pedunculated tumours; much depends 
on the practice of the surgeon. We have found that 
general factors greatly influence the decision; perhaps 
the most important of these is a suitable tumour, 
particularly in an elderly patient in poor health. There 
were twice as many women as men in the group, per- 
haps reflecting the easier access in the wide female 
perineum. Obviously the most important local factor 
is a mobile tumour; size appears to be less important. 
We must stress the importance of a preoperative 
biopsy; a high grade tumour should not be treated by 
local excision. 

The local excision procedure should include a full- 
thickness segment of the rectal wall underlying the 
tumour together with an adequate surrounding cuff 
of normal tissue. This disc of tissue may be removed 
by various approaches; there appears to be no differ- 
ence in the outcome and the choice depends on the 
preference and experience of the surgeon. Large 
villous tumours are well treated by the method of 
Parks and Stuart (1973), but if a suspicious area is 
encountered, full-thickness excision will be required 
in that area. 

Any surgeon undertaking local excision for rectal 
carcinoma must have the help of an experienced 
pathologist. The interpretation of the pathological 
report by the surgeon must leave him in no doubt 
that the tumour has been completely excised and, 
until such time, the specimen should be regarded as 
an excision biopsy. Personal discussion between the 
clinician and pathologist should be sought whenever 
possible and is mandatory if either believes that 
excision has been incomplete. Tumours excised by 
diathermy present a particular problem because a 
narrow zone of tissue at the line of section is destroyed. 
Thus, the surgeon may believe the tumour to be 
excised incompletely while the pathologist reports 
excision as being complete. 

If the tumour should prove to be poorly differen- 
tiated, then major excisional surgery should be per- 
formed at the earliest opportunity. However, if the 
tumour is shown to be moderately differentiated or 
well differentiated and there is doubt about the com- 
pleteness of the excision, further treatment may de- 
pend on the site in the rectum. If local excision has 
been undertaken for a high rectal tumour, anterior 
resection should be carried out without delay if there 
is any uncertainty about the completeness of excision. 
For tumours low in the rectum, when the primary site 
is well within reach of the examining finger and radical 
operation would mean rectal excision with a perma- 
nent stoma, it may be justifiable to defer major 
surgery provided that meticulous follow-up can be 
guaranteed. 

All patients must be followed up carefully, pre- 
ferably by the same clinician on each Occasion. Any 
suspicion of recurrence on digital rectal examination, 
sigmoidoscopy or proctoscopy should lead to urgent 
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biopsy and radical surgery if this proves positive. We 
would suggest that treatment of a recurrence by a 
second local excision as a definitive procedure is 
possibly hazardous and should be undertaken only if 
there are strong contraindications to major surgery. 
It is noteworthy that 1 of the only 2 deaths attributable 
to local excision in this series occurred as the result of 
a failure of the follow-up procedure. 

Palliation of rectal symptoms by local excision of 
the primary tumour in the presence of known tumour 
elsewhere is a useful procedure. Fulguration of rectal 
tumours for palliation also has a limited use. How- 
ever, the definitive treatment of a primary tumour by 
fulguration (Madden and Kandalaft, 1971) or intra- 
cavitary irradiation (Papillon, 1975) has not gained 
general acceptance and we prefer to obtain an intact 
tumour for pathological examination. 

Local excision of colorectal tumours as a definitive 
procedure has a strictly limited application. The pro- 
cedure is particularly attractive for the treatment of 
carefully selected low rectal tumours in which the 
alternative is major excisional surgery and possibly a 
stoma. The excision of a full-thickness disc of rectal 
wall should be undertaken by the approach which 
allows the best possible access for a wide excision. 
Meticulous histological examination, paying particular 
attention to the grade of the tumour and the com- 
pleteness of excision, and careful clinical follow-up 
are essential. If high grade carcinoma or later recur- 
rence is found, then a more radical procedure should 
be undertaken without delay. 
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Balloon catheter control of a ruptured abdominal aortic 
aneurysm in a patient with Cullen's sign 


R. H. ARMOUR, M. A. CLIFTON AND C. H. 


SUMMARY 

A patient with Cullen's sign due to a ruptured abdominal 
aortic aneurysm is reported. At operation a balloon 
catheter was used to stop severe retroperitoneal bleeding 
and the aneurysm was replaced with a graft. 


Case report 

A 76-year-old man ‘felt something tear’ inside his left lower 
abdomen and the site became painful, He fell several times 
during the next 4 days before his admission to hospital. 

He looked well and bruising of the umbilicus and left groin 
was initially attributed to the falls. Next day his systolic blood 
pressure fell to 70 mmHg and a large, tender, feebly pulsating 
mass was felt in the abdomen. The patient was now so ill that 
he scarcely felt an urgent saphenous vein cut-down without 
anaesthesia. 

At operation a large retroperitoneal haematoma due to a 
ruptured abdominal aortic aneurysm was found. The left renal 
vein was tightly stretched across the neck of the aneurysm and 
could not be freed despite division of the adrenal and gonadal 
veins. Suddenly, the retroperitoneal haematoma enlarged and 
pushed the descending colon out of the wound. The aneurysm 
was opened after manually compressing the aorta above it 
against the spine. A 22 FG Foley catheter, threaded through 
one limb and the main stem of a 19 x 9:5 mm woven Dacron 
bifurcation graft, was passed through the open aneurysm into 
the lower thoracic aorta. Haemorrhage ceased when the 
balloon was filled with 40 ml of saline. The upper anastomosis 
was constructed around the catheter. The balloon was emptied 
and the graft clamped as the catheter was removed. Then the 
iliac anastomoses were performed. Two litres of blood and clot 
were evacuated from the retroperitoneal space before the 
abdomen was closed. 

Postoperatively the patient became jaundiced but urine out- 
put was good. The serum bilirubin rose to 200 u.mol/l and the 
alkaline phosphatase to 880 i.u./l but they fell rapidly after a 
few days. The alanine aminotransferase (ALT) remained 
normal except for a single value of 42 i.u. The umbilical bruise 
—Cullen’s sign (Fig. 1)t —took 4 weeks to fade and the patient 
returned home 2 months after admission. 


Discussion 

A Foley catheter, which may be threaded through a 
bifurcation graft before use, is stiff enough to be in- 
serted without an introducer and will remain in place 
once the balloon has been filled. After making the 
upper anastomosis, if the aortic bifurcation is reason- 
ably healthy the graft limbs may be cut off leaving a 
straight tube for a single lower anastomosis. 

Our patient's jaundice may have resulted from liver 
ischaemia during balloon occlusion, but the ALT 
levels do not support this theory. Early reports of the 
method showed that paraplegia can be a complication 
(Edwards et al., 1953; Hesse and Kletschka, 1962), but 
Robicsek et al. (1970) demonstrated the simplicity 
and safety of balloon occlusion. 

Other methods of controlling the aorta above the 
renal arteries have disadvantages which balloon 
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Fig. 1. Cullen's sign, still clearly visible on the third 
postoperative day. 


occlusion avoids: clamping the thoracic aorta before 
the abdomen is opened requires a thoracotomy and 
will be embarrassing if the diagnosis is wrong; and 
clamping the abdominal aorta at the diaphragm re- 
quires a high, deep dissection for which there may not 
be enough time if the aneurysm is bleeding. 


Acknowledgements 

We appreciated Dr Rukaiya Hamid’s skilful administration of 
the anaesthetic and the help of Dr A. Platts and Sister Andrea 
Gallagher in the treatment of this patient. 


References 

EDWARDS W. S., SALTER P. P. and CARNAGGIO V. A. (1953) Intra- 
luminal aortic occlusion as a possible mechanism for con- 
trolling massive intra-abdominal haemorrhage. Surg. 
Forum 4, 496-499. 

HESSE F. G. and KLETSCHKA H. D. (1962) Rupture of abdominal 
aortic aneurysm: control of haemorrhage by intraluminal 
balloon tamponade. Ann. Surg. 155, 320-322. 

ROBICSEK F., DAUGHERTY H. K. and MULLEN D. C. (1970) The 
elective use of balloon obstruction in aortic surgery. 
Surgery 68, 774-777. 


Paper accepted 23.11.1977. 





* Department of Surgery, Lister Hospital, Stevenage, Herts. 

f The original description of Cullen's sign appeared in a 
dedication to Sir William Osler on 12 July 1919. ‘Bluish dis- 
coloration of the umbilicus as a diagnostic sign where ruptured 
extrauterine pregnancy exists.' (From the collected reprints of 
Thomas S. Cullen, in the Library of the Royal College of 
Surgeons of England, pp. 420-421.) 
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Popliteal vein entrapment 
JOHN CONNELL* 


SUMMARY 

A case of popliteal vein entrapment by an abnormal 
‘third’ head of the gastrocnemius muscle is reported. 
Complete relief of disabling symptoms was obtained by 
dividing the abnormal muscle band. 


CONSTRICTION of the popliteal artery in the popliteal 
fossa due to a muscular congenital anomaly is a rare 
condition. Since its original description by Hamming 
in 1959, fewer than 20 cases have been reported. Con- 
striction of the popliteal vein from the same cause is 
much rarer, and only 2 cases have previously been 
reported (Rich and Hughes, 1967; Edmondson and 
Crowe, 1972). 

This is a report of a further case of popliteal vein 
entrapment, due to an anomalous insertion of the 
medial head of the gastrocnemius muscle. Unlike the 
first 2 cases reported, the popliteal artery was un- 
affected and the patient free of ischaemic symptoms. 


Case report 

A 43-year-old woman was referred in November 1976 with a 
long history of aching pain and tiredness in the left leg. For 10 
months she complained of chronic swelling of the foot and 
ankle, a condition always worse at the end of a day or after 
prolonged standing. In 1964, when her symptoms first com- 
menced, she had been told that she had a popliteal vein throm- 
bosis, but venography was not done at that time. She had no 
other medical history of importance. 

On examination she had obvious swelling of the left foot and 
ankle, with easily elicited pitting. The oedema suggested venous 
swelling rather than lymphatic obstruction. No varicose veins 
were visible or palpable. The arterial pulses were normal and 
the nutrition to the foot was satisfactory. 





a b 


Fig. 1. Lateral (a) and anteroposterior (5) ascending venograms 
showing compression of the popliteal vein laterally. 
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Fig. 2. Diagrammatic view of the operative findings. 


A left lower limb venogram was carried out and revealed no 
intrinsic abnormality in the veins below the knee. However, 
the popliteal vein was displaced posteriorly and laterally and 
was considerably narrowed (Fig. 1). No other abnormality 
was noted. 

In January 1977 the left popliteal fossa was explored through 
a curved vertical incision. After the medial popliteal nerve had 
been exposed and mobilized laterally, it was found that the 
medial head of the gastrocnemius muscle had a double origin. 
Most of the muscle arose from the medial side of the posterior 
surface of the femur, but it was joined, about 4 cm below its 
origin, by a large muscle slip which arose from the lateral side 
of the femur. The origin of this latter muscle belly was the 
femur just above the origin of the plantaris. 

The popliteal vein was exposed high in the popliteal fossa 
and followed downwards. At the level of the anomalous 
muscle belly the vein was found to be acutely compressed both 
posteriorly and laterally (Fig. 2). The abnormal muscle band 
was divided carefully and separated from the underlying vein. 
Once the adventitia of the vein was loosened a little, the vessel 
immediately expanded to a normal size. 

Before the muscle was divided it had been noted that the 
popliteal artery was not compressed and that it pulsated 
normally below. 

The patient soon recovered from her operation and quickly 
returned to full activities. She has had no return of swelling or 
pain in the leg since. A postoperative venogram was suggested 
but, in view of her well-being, the patient refused it, which was 
not considered an unreasonable decision. 
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A new method of nerve repair: repair of a lesion of the 
radial nerve with a branch to the triceps muscle 


Bs Vo GORE” 


SUMMARY 
Regeneration of the radial nerve following a new tech- 
nique of nerve anastomosis in the humeral spiral groove 
is reported. Neurorrhaphy was performed by anasto- 
mosing a branch supplying the medial head of the 
triceps to the distal cut end of the radial nerve at the 
level of the lateral intermuscular septum. The progress 
of the nerve is detailed and has been confirmed by 
electromyographic studies showing regeneration of the 
radial nerve 3 years after operation and 4 years after 
injury. This technique for repair of the radial nerve has 
not been previously described. 


Case report 

A 25-year-old man was admitted to Emdadi Hospital, Meshad, 
in June 1972 following a road traffic accident in which he 
sustained a head injury and a compound fracture of the right 
humerus with a complete lesion of the radial nerve. After 
complete healing of the wounds and union of the fractured 
humerus there was no evidence of regeneration of the radial 
nerve, so the right radial nerve was explored in September 1973 
(15 months after injury). 


Operative technique 

The right radial nerve was approached through a posterior 
longitudinal incision. The right radial nerve was completely 
severed in the spiral groove. The proximal end was high up and 
adherent to muscles and the distal end lay at the lateral inter- 
muscular septum, the gap being approximately 5 cm. 

The nerve ends were freed and an attempt was made to 
mobilize the nerve for neurorrhaphy, which was not possible 
owing to adhesions and fibrous scarring. On trimming the 
edges to expose healthy nerve ends the gap increased to 7 cm 
and it was not possible to approximate the ends. 

It was noticed that there were two branches of the radial 
nerve arising above the proximal end supplying the medial head 
of the triceps. It was decided to use the larger of these to bridge 
the gap in the radial nerve. This nerve was cut at its point of 
entry into the muscle and was rerouted to lie in the spiral groove 
and anastomosed to the distal cut end of the radial nerve with 
6/0 black silk. 

Although there was a disparity of diameters at the anasto- 
mosis, it was possible to anastomose the proximal nerve to 
approximately 75 per cent of the circumference of the distal cut 
end. 


Table I: RESULTS OF ASSESSMENT OF MUSCLE 
POWER 





January 1976 June 1976 

Muscle R L R L 
Triceps 5* 5 5 5 
Brachioradialis 4 5 4 5 
Extensor carpi radialis longus 3+ 5 4 5 
Extensor carpi radialis brevis 3+ 5 4 85 
Extensor carpi ulnaris 3 5 3 5 
Extensor digitorum communis 0 5 1 5 
Extensor pollicis longus 4 5 4 5 
Abductor pollicis longus 4 5 4 5 
Extensor pollicis brevis 0 5 0 5 





* All three heads working. 

Abduction of wrist is weak due to poor wrist stabilization and 
loss of power in long abductors. 

Sensation: very slight to moderate sensitivity over radial area. 
Tinel’s sign: difficult to localize. 








Fig. 2. Flexion in the mid-prone position revealing a good right 
brachioradialis muscle. 


Follow-up 

Postoperatively the patient received physiotherapy and repeated 
investigations by strength duration curves and electromyo- 
graphic studies. There being no evidence of regeneration by 
September 1974, the patient was advised to undergo a tendon 
transplant operation to overcome the disability. He declined 
this operation and by now was using his left hand actively 
instead of his right (he was right-handed). 

In September 1975, i.e. 2 years after the operation, electro- 
myographic studies revealed regenerative potentials as far as 
brachioradialis and in January 1976 the patient had achieved 
active dorsiflexion of the right wrist (Fig. 1). He also had full 
supination and flexion in the mid-prone position with a good 
brachioradialis muscle (Fig. 2). 
LAE" 
* Consultant Orthopaedic Surgeon, Shah Reza Medical 
Centre, Meshad, Iran. 


Muscle power was assessed by the method devised by the 
Committee on After-effects, National Foundation for Infantile 
Paralysis, Including Muscle Examination, as revised in 1946. 
The results are set out in Table J. 


Discussion 

The radial nerve is the most frequently injured in 
humeral shaft fractures, the incidence being 5-10 per 
cent of all humeral shaft fractures (Rockwood and 
Green, 1975). After suture, regeneration of the radial 
nerve is more satisfactory than that of any other major 
nerve of the upper extremity, primarily because it is 
largely a motor nerve and secondly because the 
muscles innervated by it are not chiefly concerned 
with the finer movements of the fingers and hands. 
It has been shown that 89 per cent of patients obtain 
recovery of proximal muscles, 63 per cent regain 
useful function of all muscles and 36 per cent regain 
fine control of extension of the fingers and thumb 
(Crenshaw, 1971). 

If there is delay of more than 15 months before 
repair, motor function is unlikely to return. (The 
period was exactly 15 months in this case.) The new 
method of nerve anastomosis reported here has shown 
a good result, In view of the fact that there are 2-3 
branches to the medial head of the triceps, loss of one 
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branch should not seriously impair its function, and 
this is illustrated by the fact that the patient has a 
good and powerful triceps with all three heads 
functioning. The branch of the medial head of the 
triceps is derived from roots C5, C6 and C7, thus 
contributing most of the roots of the radial nerve 
(Gray's Anatomy, 1973). 
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Surgical Research Society 


The Winter Meeting of the Surgical Research Society was held at Westminster Hospital on 19 and 20 January 
1978 with Professor G. W. Taylor (President of the Surgical Research Society) in the chair. The following 


papers were presented. 


1. The distribution of plasma hydroxyproline in breast cancer 
patients and healthy females 

M. F. NEHLAWI, J. CLARK, R. A. B. WOOD and A. CUSCHIERI, 
Department of Surgery, University of Dundee 


Plasma hydroxyproline was studied in 14 healthy females, 
10 patients with benign breast disease and 26 patients with 
cancer. The cancer patients were subdivided into early (group 
A, n=12) and advanced disease (group B, a ==14} on the basis 
of liver and bone scans and of histological lymph node status. 

The plasma proteins were separated into four main fractions 
by gel filtration (Sephadex G200). The protein and hydroxy- 
proline content of each fraction was measured and the fraction 
expressed in mmol hydroxyproline per gramme of protein 
(specific activity). The specific activity of hydroxyproline in the 
various fractions is shown below. 


Group FI FH F iil FIV 

Control 2°85 1-61 1-31 2-02 

4-045 4013 20-08 0-25 

Benign 2°60 1:17 1-17 3-98 

+0-16 +0-07* -- 0:06 0:99 

Breast cancer 

Group A 2:07 1-65 1:56 4:04 
40-08**  .-0-09 4-06 L-0-52** 

Group B 2:2 1:52 1-80 5:60 
4-0-09** 4-0-08 +0:18* +0-62** 


F, Fraction. 
The rank sum test was applied and values significantly 
different from control are indicated. *P< 0-025, **P<0-005. 


Compared with normal females and with patients with 
benign breast disease, breast cancer patients showed a decrease 
in the specific activity of hydroxyproline in Fraction I and an 
increase in Fraction IV. Only patients with advanced breast 
cancer (group B) showed an increase in hydroxyproline 
specific activity in Fraction Ul. 

These findings suggest that an alteration in the metabolism of 
collagen has occurred in patients with cancer of the breast 
which results in an increase in the peptide-bound hydroxy- 
proline fraction in the plasma. 


2. The detection of lymph node metastases using radiolabelled 
colloids 

M. P. OSBORNE, K. JEYASINGH, V. J. RICHARDSON, A. C. VINCENTI, 
R. F. JEWKES and J. I. BURN (A. G. JOHNSON), Departments of 
Surgery, Nuclear Medicine and Histopathology, Charing Cross 
Hospital, London 


The selective concentration of radiolabelled colloids, 
introduced interstitially, by regional lymph nodes has been 
utilized for radioisotope imaging. Radiogold (*5Au) was used at 
first (Sherman and Ter-Pogossian, 1953); subsequently, the 
more suitable scanning agent technetium-99" antimony sulphur 
colloid (**Tc- ASC) was developed (Garzon et al., 1965). 

We report studies of the uptake of *°Tc™-ASC and a new 
agent technetium-99™ stannous phytate (**TcP-Sn phytate) 
by regional lymph nodes in control rats and in rats bearing 
histologically confirmed lymph node metastases from the 
transplantable Rd/3 tumour (Carr and McGinty, 1974). 

Our findings suggest that there is no significant change in the 
uptake of *"TC"-ASC by the regional lymph nodes in the 
presence of metastases compared with normal controls and 
controls with irradiated tumour cells and inflammation in the 
regional field (P > 0-05). There is marked suppression of uptake 
using °°Tc™-Sn phytate in the presence of lymph node metas- 
tases (P« 0-001). External gamma-camera imaging supports 
these observations. 


Table I: PERCENTAGE UPTAKE OF THE INJECTED 
DOSE BY PRIMARY REGIONAL LYMPH NODES (5h) 
TMH 


Group No. Tc"-ASC No. phytate 
Normal 11 2-08--0:26 14 1:81-0:19 
Inflammation 8 1:48--0:17 9 1-55--0-26 
Irradiated 6 2-04 4- 0-29 8 L81-4:027 
Rd/3 metastases 15 1-3140:32 18 0-48 --0-10 


Results are mean--5.e. mean. 


We propose that because of their differential uptake, 
sequential scanning with  %Tc™-Sn phytate followed by 
PPTcP-ASC might identify lymph node metastases in man. 


CARR I. and MCGINTY F. (1974) Lymphatic metastasis and its 
inhibition: an experimental model. J. Pathol. 113, 85-95. 

GARZON ©. L., PALCOF N. C. and RADICELLA R. (1965) Preparation 
of **Tc™ antimony sulphide colloid. Int. J. Appl. Radiat. 
Isot. 16, 613. 

SHERMAN A. L and TER-POGOSSIAN M. (1953) Lymph node 
concentration of radioactive colloid gold following 
interstitial injection. Cancer 6, 1238-1240. 


3. Function of neutrophil granulocytes during and immediately 
after surgical trauma 

J. H. WANDALL and v. BINDER, Department of Medical Gastre- 
enterology C, Herlev Hospital, University of Copenhagen, 
Denmark 


The function of polymorphonuclear neutrophil granulocytes 
(PMN) is essential for host resistance to infection. Only a few 
reports describe PMN function during and immediately after 
surgical trauma (Alexander et al., 1968). The present study 
describes PMN function in 10 patients during and after 
herniotomy. 

PMN chemotactic response, phagocytosis and bactericidal 
capacity, as measured by nitro blue tetrazolium (NBT) 
reduction, was determined as previously described (Wandall 
et al., 1978). /n vivo migration to skin windows covered with 
chambers was determined from 24 to 72 h after anaesthesia. 
Blood samples were obtained 24h before anaesthesia, just 
before anaesthesia and at 1, 24, 48 and 72 h after anaesthesia. 
Results were compared with values the day before surgery. 

During anaesthesia the chemotactic response corrected for 
spontaneous migration was depressed (median 70, range 
0-199) compared with values before anaesthesia (median 130, 
range 68-190; P<0-02). During anaesthesia phagocytosis and 
NBT reduction were unaltered. Jn vivo migration to skin 
windows was reduced 60h after anaesthesia (median 88 x 
10° PMN/cm*, range 39-159) compared with 15 healthy 
controls (median 155:x10* PMN/cm?, range 102-261; 
P 0-01). Phagocytosis was increased at 24 h after anaesthesia 
from basal (median 0-081 mg oil min-! 107? phagocytes, range 
0-021-0-121) to 0-144 mg oil min! 10-7 phagocytes (range 
0-084-0-170; P<0-01) and NBT reduction by resting PMN 
was reduced to 75 per cent of the initial value. 

In conclusion, this investigation shows that even limited 
surgery is followed by a transiently elevated phagocytosis and 
diminished migration to skin windows, and that during the 
period of anaesthesia reduced chemotactic response may be 
observed. 


ALEXANDER J. W., HEGG M. and ALTEMEIER W. A. (1968) Neutro- 
phil function in selected surgical disorders. Ann. Surg. 
168, 447—458. 

WANDALL J. H., BINDER V., FRIIS B. et al. (1978) Functional 
characteristics of neutrophil granulocytes from children 
with recurrent respiratory infections. Proceedings from 
XV Annual Meeting of the International Society for Study 
of Inborn Errors of Metabolism. (1n the press). 


4, Reduction of the duration of postoperative immunosuppression 
by levamisole 

R. WINDLE, R. F. M. WOOD and P. R. F. BELL, Department of 
Surgery, University of Leicester, General Hospital, Leicester 


Cell mediated immunity is known to be depressed following 
surgery, This has been demonstrated by a reduced respon- 
siveness of lymphocytes to phytohaemagglutinin and by a 
reduction of leucocyte migration inhibition in response to 
antigen (Cochran et al., 1972). Depression of the immune 
response at a time when there may be circulating tumour cells 
following surgical manipulation may adversely affect prognosis. 

The anthelmintic drug levamisole has been shown to restore 
depressed cell-mediated immunity (Tripodi et al., 1973), but its 
ability to reverse postoperative immunosuppression has not 
been investigated. In this study the effect of levamisole on cell 
mediated immunity has been assessed in patients with colo- 
rectal cancer. Leucocyte migration inhibition tests with PPD 
and autochthonous tumour extracts were performed in 20 
patients prior to and following surgery. Ten patients received 
levamisole (150 mg daily) for the first 3 postoperative days and 
10 patients were controls. In each group 9 of the 10 patients 
demonstrated positive leucocyte migration inhibition to at 
least one of the two antigens. 

The results indicate that, following levamisole, cell mediated 
immunity returned more rapidly to preoperative levels 
(P 0-01). This may have important surgical implications. 


LMI returned to preop. 


Preop. test level (d) 
Antigen Patients d <7 7 14 28 >28 
PPD Controi 9 2 3 2 2 
Lev. 8 7 ł 
Tumour Control 4 4 
extract Lev. 3 1 2 





Lev., Levamisole; LMI leucocyte migration inhibition. 


COCHRAN A. J, SPILG W. G. S., MACKIE R. et al. (1972) Post- 
operative depression of tumour-directed cell-mediated 
immunity in patients with malignant disease. Br. Med. J. 
4, 67-70. 

TRIPOD! D., PARKS L. C. and BRUGMANS J. (1973) Drug induced 
restoration of cutaneous delayed hypersensitivity in 
anergic patients with cancer. N. Engl. J. Med. 289, 354-357. 


5. Blood metabolite changes in malnourished septic patients 

G. ROYLE, M. KETTLEWELL, VERA ILIC and D. H. WILLIAMSON 
(P. 1. MORRIS), Nuffield Department of Surgery and Metabolic 
Research Laboratory, University of Oxford, Radcliffe Infirmary, 
Oxford 


Sepsis and malnutrition are common factors in many critically 
ill surgical patients. The metabolic response to sepsis is 
thought to be different from that of starvation (O'Donnell et al., 
1976) but there is little metabolic data in surgical patients who 
are clinically suffering from a combination of both malnutrition 
and sepsis. These patients are often considered to need paren- 
teral nutrition. We have therefore studied fasting blood 


Control Septic 
i (== 14) Gi == 10) 
Glucose §-19 4- 0-29 5-10-- 0-15 
Lactate 0-67 + 0-06 0-72 3- 0-13 
Pyruvate 0-07 + 0-01 0-09 +. 0-01 
Ketones 0-23 -- 0-02 0-41 ~ 0-07* 
Glycerol 0-10-- 0-02 0:10. 0-01 
Cholesterol S3 +04 3-2 +04 ** 
Albumin (g/l) 40-6 +09 29-4 +-1-9 ** 
Alanine 0-37 +-0-03 0:20 4-0-02*** 
Glutamine 0-44 0-04 0:25 +. 0-05** 
Leucine 0-13 0-01 0-10 2- 0-01* 
Isoleucine 0-07 :- 0-01 0-05 -- 0-01* 
Histidine 0-09 +- 0-01 0-05 =- 0-01*** 
Arginine 0-09 :- 0-01 0-05 0-01*** 


All results mean s.e. mean mmol/l (except albumin). 
*P.—(-05; **P-—0-01; *** P-—0-001. i 
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metabolites associated with carbohydrate, fat and protein 
metabolism in 10 clinically malnourished surgical patients who 
had persistent severe sepsis for 1-2 weeks. These patients were 
compared with 14 non-septic well-nourished surgical patients 
of similar age. 

The combination of raised blood ketones, low amino acids 
and unchanged blood glucose together with low nitrogen 
excretion suggests a metabolic adaptation in the septic mal- 
nourished patient similar to that seen in long term starvation 
(Felig et al., 1969; Owen et al., 1969), in which gluconeogenesis 
is decreased and thus protein conserved. The choice of paren- 
teral nutrition solutions and their effects on this adaptation 
need careful consideration. 


FELIG P., OWEN O. E, WAHREN J. et al. (1969) Amino acid 
metabolism during prolonged starvation. J. Clin. Invest. 
48, 584—594. 

O'DONNELL T. F., CLOWES G. H. A., BLACKBURN G. L. et al. (1976) 
Proteolysis associated with deficit of peripheral energy 
fuel substrates in septic man. Surgery 80, 192-200. 

OWEN O. E., FELIG P., MORGAN A. P. et al. (1969) Liver and 
kidney metabolism during prolonged starvation. J. Clin. 
Invest. 48, 574—583. 


6. A reduction intravenous cannula sepsis 
W. A. TANNER, P. V. DELANEY and T. P. J. HENNESSY, Department 
of Surgery, Sir Patrick Durs Hospital, Dublin 


A loosely organized clot invariably forms around intravenous 
cannulas within 24 h of insertion. This clot provides a nidus 
on which both endogenous and exogenous bacteria thrive. 
This prompted us to investigate the effect of heparin on 
intravenous sepsis, in a prospective controlled trial. 

Patients were randomly allocated into three groups: group 1, 
no heparin; group 2, 5000 units of heparin subcutaneously; 
group 3, 1000 units of heparin added to each infusion bottle. 
Teflon intravenous cannulas were used on all patients and 
remained in the vein for 72 h. During this time regular inspec- 
tions were made of the intravenous sites for signs of phlebitis. 
Seventy-two hours after commencing intravenous therapy the 
cannulas were removed and cultured. Administration of 
antibiotics automatically excluded patients from the trial. 


Control Heparin Heparin 
No. 15 18 16 
Positive cannula 

culture 5 3 I 
Significance (y?) 

r, control — P<0-02 P< O01 
Phlebitis 7 4 2 
Significance (y^) 

P002 P001 


r. control M 
dud n fa Ee eee a 


The two treatment groups were not significantly different. 
Heparin provides effective prophylaxis against phlebitis and 
bacterial colonization of cannulas. 


7. The pylorus is not an anti-reflux mechanism 
C. M. WHITE, M. R. B. KEIGHLEY and J. ALEXANDER-WILLIAMS, 
General Hospital, Birmingham 


An intact pylorus seems to be important in preventing 
duodenogastric reflux (Amdrup et al., 1974), but the mechanism 
of such action is unclear. Our study was undertaken to examine 
the relationship between duodenal contraction and pyloric 
closure. 

A six-channel tube is centred on the pylorus by potential 
difference monitoring and continuous and simultaneous 
measurement of intraluminal pressures in the antrum, 
pylorus and duodenal bulb performed. Twenty studies have 
been made in 15 normal individuals for a mean of 20 min. 

A sustained rise in pressure within the pylorus was not 
recorded in any subject. During peristaltic waves or systolic 
contractions the mean pressures (cmH,O) were: antrum, 
32:4: pylorus, +267; duodenal bulb, +214 (antrum v. 
pylorus P «0-01, pylorus c. duodenal bulb P « 0-0025). During 
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regular activity the frequencies of contraction per minute were: 
antrum, 0-6-27; pylorus, 0-6-2-75; duodenal bulb, 0-6-11-5 
(antrum v. pylorus not significant, pylorus v. duodenal bulb 
P<0-01). Only 39 per cent of duodenal bulb contractions 
coincided with pyloric closure. During irregular activity only 
10 per cent coincided. 

These observations indicate that the pylorus acts as the 
terminal segment of the antrum and does not exhibit indepen- 
dent action. During most duodenal contractions the pylorus is 
relaxed, providing no mechanical barrier to reflux; it is not an 
important anti-reflux mechanism. It is likely that duodenal 
contents reflux frequently in normal individuals but are 
rapidly cleared by the normal antrum. 


AMDRUP E., JENSEN H, E., JOHNSTON D. et al. (1974) Clinical 
results of parietal cell vagotomy (highly selective vago- 
tomy) two to four years after operation. Ann. Surg. 180, 
279—284. 


8. The anatomical basis for gastric mobilization in total 
oesophagectomy 

D. M. THOMAS, R. M. LANGFORD, R. C. G. RUSSELL and L. P. LE 
QUESNE, Department of Surgical Studies, Middlesex Hospital, 
London 


Total oesophagectomy with a pharyngogastric anastomosis is 
becoming the preferred treatment for carcinoma of the 
oesophagus. The method of mobilization of the stomach is 
variable (McKeown, 1976). An investigation, on post-mortem 
stomachs, was undertaken to determine the anatomical basis 
for gastric mobilization. 

Twenty-two stomachs were examined angiographically by 
the following techniques: 

Group 1 (n—15): right gastroepiploic artery injection, 
after clearance of all other gastric vascular connections, with a 
radio-opaque medium. 

Group 2 (n —2): perfusion of the right gastroepiploic artery 
with no clearance of other vascular connections. 

Group 3 (n—2): left gastric artery injection after clearance 
of all other vascular connections. 

Group 4 (n —3): as group 3 except that a cold-setting plastic 
was used to enable vessel dissection. 

In group 1 fundal vessels were filled in 14 of 15 stomachs in 
a manner comparable to group 2, but filling defects in the 
mucosa were noted on the lesser curve, which were not present 
in the other groups. These filling defects were noted in the 
group 4 studies to be related to the end arteries of the lesser 
curve. 

From these studies it is suggested that during mobilization 
of the stomach, attention should be directed more to the lesser 
curve than the fundus of the stomach, and if the lesser curve is 
stripped to obtain extra length or greater Iymphatic clearance, 
then oversewing of the exposed area is indicated. 


MCKEOWN K. C. (1976) Total three stage oesophagectomy for 
cancer of the oesophagus. Br. J. Surg. 63, 259-262. 


9. Cimetidine in the prevention of relapse of duodenal ulceration 
J. G. STEPHEN and C. w. VENABLES, Department of Surgery, 
Royal Victoria Infirmary, Newcastle upon Tyne 


As duodenal ulceration is a relapsing disease, medical treatment 
is required to be as effective in preventing relapse as in pro- 
moting ulcer healing. 

We are currently conducting a long term (1 year) double- 
blind maintenance trial in patients whose duodenal ulcers have 
been healed on cimetidine (400 mg q.i.d.). At present 73 
patients have entered the study. This analysis is based on the 
first 26 patients who have completed the trial. (The codes of 
the remaining patients have not been broken.) We have 
compared the effectiveness of cimetidine 400 mg given at 
bedtime with cimetidine and poldine 4 mg v. placebo, by 
randomly allocating each patient to one of the three groups. 

Seven patients whose ulcers relapsed (5 originally on 
placebo) re-entered a similar but separate maintenance trial, 
following healing of their recurrent ulcers. Four have remained 
healed (3 cimetidine and placebo, 1 cimetidine and poldine) and 
3 relapsed (1 placebo, 1 cimetidine and placebo, 1 cimetidine and 
poldine). 


Pbo--Pbo C--Pbo C+ Pol 
No. patients 

completing 1 yr 2 5 5 
No. patients 


relapsing during 


| yr 8 i 5 
Median time 

to relapse 2 mth 2 mth 3 mth 
Total patients 10 6 10 





Pbo, Placebo; C, cimetidine; pol., poldine. 


Our preliminary conclusions are that cimetidine is effective 
in preventing relapse in the majority of patients and that this 
effect is not enhanced and possibly worsened by addition of an 
anticholinergic agent. The patients on cimetidine who did 
relapse did so after an interval similar to that for patients on 
placebo. 


10. The role of anaerobic bacteria in experimental colitis 
M. R. LOCK, P. R. HAWLEY and H. ELLIS, Surgical Unit, West- 
minster Hospital, London 


The production of experimental inflammatory bowel disease in 
animals by the ingestion of degraded carrageenan has been 
established (Watt and Marcus, 1973). This effect has been 
shown in guinea-pigs to be mitigated by the elimination of the 
aerobic intestinal microflora (Van der Waaij et al., 1974). 

We have been able to produce ulceration in conventional 
rabbits but not in germ-free rabbits (Lock et al., 1977). We 
report here the effects upon carrageenan colitis of the reduction 
of the anaerobic intestinal bacteria by the oral administration 
of metronidazole. Eight young New Zealand White rabbits 
were given 0-25 per cent aqueous solution of carrageenan 
ad libitum as the drinking fluid. Within 8 days all had developed 
strongly positive occult faecal blood tests. They were treated 
for a further 8 days with oral metronidazole at a dose of 
40 mg kg^! d~ and sacrificed. The fixed distended caecums 
were examined by transmitted light. Ulceration was less 
frequent and less severe in the metronidazole group compared 
with the conventional group. 


Metronidazole 
Controls group 
Caecal ulcers 45 21 
Total haemorrhagic ulcers 43 0 
Ulcers > 1-0 cm 7 3 


The results suggest that the anaerobic microflora is an 
essential potentiating factor for ulceration in this experimental 
model. 


LOCK M. R., HAWLEY P. R., COATES M. R. et al. (1977) Failure to 
produce inflammatory bowel disease in germ-free rabbits. 
Eur. Surg. Res. 9, Suppl. 1, 159. 

VAN DER WAAN D., ANVER M. R. and COHEN B. J. (1974) Mitiga- 
tion of experimental inflammatory bowel disease in guinea- 
pigs by elimination of aerobic Gram-negative intestinal 
microflora. Gastroenterology 67, 460—472. 

WATT J. and MARCUS R. (1973) Experimental ulcerative disease 
of the colon in animals. Gut 14, 506—510. 


11. The effect of cimetidine on blood sugar responses to glucose 
tolerance tests in human volunteers 

ROSEMARY HITTINGER, S. E, KNIGHT, L. P. FIELDING and R. 
LAWRENCE, Academic Surgical Unit, St Mary's Hospital 
Medical School, London, Department of Clinical Chemistry, 
Northwick Park Hospital, and Clinical Research Centre, 
Harrow, Middlesex. 


Bugajski et al. (1976) reported that, in the rat, the histamine 
H,-receptor antagonist metiamide, given by intravenous 
infusion, increased fasting serum glucose levels. The effect was 
attributed to a weak adrenergic action of the drug. The 
current study investigates the effect of H, antagonism on blood 
sugar levels in volunteers during both oral and intravenous 
glucose tolerance tests. 

Five volunteers were studied on 4 occasions. Blood samples 
were taken at 15-min intervals. After three basal samples 


either a loading dose of 200 mi 50 per cent glucose was given 
orally or 200 ml 25 per cent glucose were given intravenously 
and thereafter a continuous infusion of either cimetidine 
(2 mg kg^! h-?) or saline was administered for 2 h. 

In the oral study blood sugar levels were reduced during 
cimetidine infusion compared with controls. The peak levels 
were reduced (9-86 :- 1:34 to 6:86 -- 1-13, paired f test, P<0-01) 
and the duration of the peak prolonged. However, the inte- 
grated glucose response was not significantly different (paired 
t test, P 0-07). In the group in which intravenous glucose was 
given there was no change between those given cimetidine 
infusion and the controls. 

We conclude that cimetidine has no direct effect on glucose 
metabolism but delays glucose absorption from the upper 
gastrointestinal tract. 


BUGAJSKI J., HANO J. and DANEK L. (1976) Effect of metiamide, 
a histamine H,-receptor antagonist, on the development 
of gastric stress ulcers and acid secretion. Eur. J. Pharmacol. 
36, 237—240. 


12. Inhibition of the interdigestive myoelectric complex in 
dogs by glucose, peptides and lipids 
J. C. SCHANG, J. DAUCHEL, P. SAVA, C. MENDEL and J. F. GRENIER, 
Unite 61 de l'INSERM, Strasbourg, Pavillon Chirurgical B, 
Hospices Civils, Strasbourg, France 


The myoelectrical activity of the small intestine during the 
interdigestive state exhibits a cyclic caudad moving myo- 
electric complex that recurs every 80-110 min in the dog. 
Feeding causes inhibition of the complex. The purpose of the 
present work was to study the effects of different food com- 
ponents on the duration of inhibition of the myoelectric 
complex (DIMC). 

Four dogs were prepared with a duodenal cannula and given 
doses of 7-5 and 15 kcal/kg. These substances were also given 
two at a time in doses of 2x 7:5 kcal/kg. The inhibition was 
measured as the interval between feeding and the reappearance 
of the first complex. The results showed that the DIMC after 
lipids (2554-45 min for 75 kcal/kg and 4504+45 min for 
15 kcal/kg) (mean--s.e. mean) was longer than after glucose 
(185 +25 min and 285 3- 35 min respectively), and much longer 
than after peptides (1154-15 min and 165.-20 min respec- 
tively). When the substances were given two at a time, the 
DIMC was 405 +35 min after glucose and lipids, 345 2- 35 min 
after peptides and lipids and 210--25 min after glucose and 
peptides. 

It is concluded that the DIMC depends on both the caloric 
loads and the nature of the food components and that this 
method for measuring the length of the postprandial period 
may have useful clinical applications. 


13. The effect of cimetidine on the relationship between gastric 
mucosal blood flow and acid output in patients with duodenal 
ulceration 

$. E. KNIGHT, R. L. MCISAAC, ROSEMARY HITTINGER and L. P. 
FIELDING, Academic Surgical Unit and Department of Physiology, 
St Mary's Hospital Medical School, London 


Duodenal ulcer patients show a greater rise in acid production 
relative to gastric mucosal blood flow, when stimulated by 
pentagastrin, than normal volunteers, indicating a greater 
secretory sensitivity of their parietal cell mechanism (Knight 
et al., 1977). In normal patients the ratio is not changed by 
cimetidine (Knight et al., 1978). This study tests the effect of 
H,-receptor blockade on the ratio in duodenal ulcer patients 
and normal volunteers. 

Eleven duodenal ulcer patients and 10 volunteers were 
studied. Gastric mucosal blood flow was estimated by neutral 
red clearance (Knight and Mclsaac, 1977). After nasogastric 
intubation the subjects received neutral red (250 ug kg h) 
by constant intravenous infusion. Gastric juice(15-min samples) 
and venous blood (30-min samples) were collected. After a 
basal hour, pentagastrin (4ugkg-^!h-!) was infused. At 
plateau, cimetidine (1-5 mg kg! h^) was given for Ih. 
Parametric tests were used. 

In normal subjects cimetidine reduced acid output by three- 
quarters (540-- 44-3 umol H*/min to 150-4241). Gastric 
mucosal blood flow was reduced (77.8.7 ml/min to 294-48 
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ml/min). The gastric mucosal blood flow to acid ratio did not 
change (0-14 - 0-012 to 0-178 —- 0-015, P — 0-05). 

In duodenal ulcer patients acid output was inhibited 
but gastric mucosal blood flow was reduced from 5343-9 
ml/min to 32-- 3-2. Thus the ratio of gastric mucosal blood 
flow to acid rose from 0-084.-0-005 during pentagastrin 
infusion to 0-21 -- 0-029 with cimetidine (P < 0-001). 

We conclude that in duodenal ulcer patients cimetidine 
changes the ratio of gastric mucosal blood flow to acid from 
its abnormal level to that of normal controls under basal 
conditions. 


KNIGHT S. E. and MCISAAC R. L. (1977) Neutral red clearance 
as an estimate of gastric mucosal blood flow in man. 
J. Physiol. (Lond.) 272, 62P. 

KNIGHT 8. E., MCISAAC R. L. and FIELDING L. P. (1977) Com- 
parison of gastric mucosal flow in normals and patients 
with duodenal ulcers. Br. J. Surg. 64, 824. 

KNIGHT S. E., MCISAAC R. L. and FIELDING L. P. (1978) The 
effect of the histamine H, antagonist cimetidine on gastric 
mucosal blood flow. Gut. (In the press.) 


14. Faecal bile acid concentrations in patients at increased risk 
of large bowel cancer ; 

D. G. MUDD, S, T. D. MCKELVEY and D. T. ELMORE, Departments 
of Surgery and Biochemistry, Queen's University, Belfast 
Faecal bile acid concentrations are higher in populations with 
a high incidence of bowel cancer (Hill et al., 1971) and in 
bowel cancer patients compared with controls (Hill et al., 
1975). Do patients at increased risk of bowel cancer also 
have raised faecal bile acid concentrations? 

Patients with colorectal adenoma (17), ulcerative colitis 
(n-—11), resected carcinoma of sigmoid colon (n—10) and 
resected rectal carcinoma (5 —13) were compared with healthy 
controls. Stools were collected when the subjects were at home, 
on a normal mixed diet. At least 4 months had elapsed since 
surgery and 1 month since barium enema or antibiotic therapy. 

Faecal 3-hydroxy bile acids were estimated enzymatically 
(Hill and Aries, 1971). Preliminary studies showed wide 
variation in bile acid concentration within each stool and 
measurements were therefore made on homogenized stools. 

Faecal bile acid concentrations in patients with adenoma 
(25-1 3-2-3 umol/g dry faeces; mean --s.e. mean), ulcerative 
colitis (269 -- 3-3), previous sigmoid carcinoma (25:7.-3-4) 
and previous rectal carcinoma (27-6--3-3) did not differ 
significantly from those of the respective control groups. 
Clinical situations with an increased risk of bowel cancer may 
therefore occur independently of the faecal bile acid concentra- 
tion. This finding does not exclude a carcinogenic or co- 
carcinogenic role for faecal bile acids in the aetiology of 
large bowel cancer. 


HILL M. J. and ARIES V. C. (1971) Faecal steroid composition and 
its relationship to cancer of the large bowel. J. Pathol. 
104, 129—139. 

HILL M. J., CROWTHER J. S., DRASAR B. S. et al. (1971) Bacteria 
and the aetiology of cancer of the large bowel. Lancet 
1, 95-100. 

HILL M. J., DRASAR B. S., WILLIAMS R. E. O. et al. (1975) Faecal bile 
acids and clostridia in patients with cancer of the large 
bowel. Lancet 1, 535-539. 


15. A pulsatile, compressible arterial prosthesis 

D. ANNIS, A. HIGHAM, B. LOVEDAY and A. BORNAT, Bioengineering 
and Medical Physics Unit, Department of Surgery, Liverpool 
University, Liverpool 

Forty-two cylindrical vessels (10 mm diameter) have been 
used to replace lengths of the thoracic aorta in minipigs. 
The wall of the artificial vessel is an open fibrous mat of 
randomly disposed elastic fibres approximately 1 um in 
diameter, with open channels freely communicating with both 
the inner and the outer surfaces. They are constructed of 
polyetherurethane fibres deposited on to a rotating mandril 
charged to 20 000 kV. 

Our earlier implants have been removed and examined at 
periods of 1-6 months. The most recently constructed devices 
have been examined 3 and 6 months after implantation. 
Others will be available for examination at 12 months. 
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Aortic cine-angiography has shown the grafts to be patent 
and pulsatile at 4 months (>15 million pulses), the diameter 
being unchanged. 

Direct examination before death showed the grafts ta be 
easily compressible and post-mortem examination showed a 
thin adventitia and an adherent and complete neo-intima. 
Histology has shown transmural ingrowth of a delicate 
vascularized connective tissue in the grafts of large pore size 
and an adherent and delicate adventitia and neo-intima 
without transmural ingrowth in the vessels of small pore size. 

Small bore (4mm) vessels have been implanted in the 
common carotid artery of minipigs and as arteriovenous shunts 
in dogs. Early results are encouraging, 4 of the implanis 
remaining patent after periods of up to 3 months. 


16. An investigation into the correlation between abnormalities 
detected by ultrasound and disturbances of flow within a blood 
vessel 

B. CHAPMAN, G. P. NAYLOR and D. CHARLESWORTH, Department 
of Surgery, University Hospital of South Manchester 


On the basis of symptoms alone it is often difficult to decide 
whether to subject a patient with a history of transient ischaemic 
attacks to an arteriogram. There are several non-invasive 
investigations which can be used to demonstrate complete 
occlusion of the internal carotid artery, but lesser degrees of 
stenosis are difficult to detect. Analysis of ultrasound signals 
recorded over the carotid bifurcation sometimes reveals the 
presence of high frequency spikes. It seems likely that these 
spikes are created by disturbances within the blood flow, such 
as vortices. 

We have used high speed cinematography to study the 
formation and propagation of vortices, and correlated the 
films with ultrasound signals recorded simultaneously. Vortices 
were generated by imposing a stenosis at the inlet of a trans- 
lucent elastic tube. The translucent chamber was part of a 
carefully designed model of an artery in which pressure and 
flow were pulsatile and within the physiological range. Small 
gas bubbles were used to track the patterns of flow within the 
chamber. 

The coordinates of individual bubbles, at intervals in time, 
were used to synthesize velocity profiles at regular intervals in 
the pulse cycle (from a computer program developed in the 
Department). 

Results show that there is a correlation between spikes of 
high frequency in the ultrasound record and the presence of 
vortices. Spikes and vortices were present during the maximum 
ejection phase of the cycle and were more frequent with stenoses 
of small diameter. 

The presence of such vortices may determine the spatial 
configuration of atheromatous plaques distal to a stenosis and 
create conditions in which platelet emboli can form without 
pre-existing intimal change. 


17. Ultrasound in the diagnosis of aorto-iliac disease 
A. S. WARD and T. P. MARTIN (H. Le DUTHIE), University Surgical 
Unit, Royal Infirmary, Sheffield 


Arteriography may underestimate the severity of athero- 
sclerosis and it is hoped that ultrasound may improve diag- 
nostic accuracy in the aorto-iliac segment. Mean flow velocity 
in the common femoral artery was monitored using a trans- 
cutaneous Doppler probe and a real-time frequency analyser 
(Smallwood et al, 1977). After basal recordings in the limb, 
circulation was arrested for 5 min. The ensuing reactive 
hyperaemic response was continuously recorded and the time 
from peak flow to half recovery (7) was calculated. 

The results in 20 normal limbs differed significantly 
(P-—0-001) from those in 20 limbs with arteriographic aorto- 
iliac disease. When occlusive changes were present in the 
superficial femoral segment alone (15 limbs) the T, was within 
the normal range. Out of 42 limbs with peripheral vascular 
disease, the arteriographic and ultrasound findings disagreed 
in 7. In these, ultrasound predicted aorto-iliac disease where 
arteriography did not. Operative inspection of the segment 
confirmed the ultrasonic forecast. Thus, this method. may 
provide a screening test for disease of the aorto-iliac region. 


Ti 
No. of (meand 
Group limbs s.e. mean) Range 

Normal 20 14-6+1-0 524 
Aorto-iliac disease 20 86:4-- 3.7 62-115 
Superficial femoral arterial 

disease with ‘normal’ 

aorto-iliac segment 15 18-5 4-1-5 4-27 
As above but shown at 

operation to have 

aorto-iliac disease 7 88-7 -- 6:8 60-115 


SMALLWOOD R. H., BROWN B. H. and RODGERS A. W. (1977) 
A real-time frequency analyser for ultrasonic. Doppler 
signals. J. Med. Eng. Tech. 1, 221-222. 


18. A mesenteric pedicle graft for bridging lymphatic obstruction 
P. A. HURST, J. B. KINMONTH and D. L. RUTT, Department of 
Surgery, St Thomas's Hospital Medical School, London 


Various attempts have been made in the past to bridge obstruc- 
tions to lymphatic drainage, amongst them skin pedicle grafts 
and omental grafts. The latter have not been successful 
owing to the paucity of lymphatics in the omentum. 

The small bowel mesentery is rich in lymphatics. A method 
has been devised to use it as a pedicle ‘bridge’. Experiments 
have been made using the pig. An area of small bowel (close 
to the caecum) was mobilized and the bowel divided in two 
places. Bowel continuity was re-established by routine anasto- 
mosis. The free bowel segment (approx. Scm long) was 
opened along its antemesenteric border and the mucosa 
stripped off. The pedicle thus formed consisted of mesentery 
and bowel wall (without mucosa) and was sutured on to cut 
nodes or cut afferent lymphatics (the proximal lymphatics 
having been first stripped and clipped in order to interrupt the 
normal lymph pathways). 

Establishment of lymphatic continuity via the mesenteric 
lymphatic circulation has been well demonstrated by lympho- 
graphy and also by post-mortem injections. Studies on 20 
animals are reported. 


19, Peak heparin levels in plasma after subcutaneous calcium 
and sodium heparin 

A. N. NICOLAIDES, J. FERNANDES, N. ANGELIDES, I. GORDON-SMITH, 
P. KOLLOPOULOS and TIKVA HARBOURNE, Fascular Laboratory 
and Academic Surgical Unit, St Mary's Hospital Medical 
School, London 


"Which salt of subcutaneous heparin (calcium or sodium) is 
safer?’ is a question asked frequently. Wound haematoma 
occurs with both (International Multicentre Trial, 1974; 
Nicolaides et al., 1977) and has been shown to be associated 
with plasma heparin levels in excess of 0-2 u/ml. 

In a blind cross-over study 13 healthy volunteers had their 
plasma heparin levels measured at half hourly intervals after 
the subcutaneous injection of 5000 units of calcium or sodium 
heparin in 0-2 ml. Each subject was studied initially with the 
one salt (random allocation) and 2 weeks later with the other. 
Plasma levels were estimated using the sensitive anti-Xa 
method (coefficient of variation, 12 per cent at 0-04 units/ml 
and 8 per cent at 0-14 units/ml). 


Mean plasma heparin levels — 


Time (units/ml + s.d.) 
(h) Sodium Calcium 

i 0-033 --0:35 0-026 -+ 0-044 
i 0-55 i- 0-041 0-045 -:- 0-062 
1i 0-072 4- 0-052 0-085 + 0-079 
2 0-080 +. 0-058 0-106 + 0-098 
24 0-070 -+ 0-053 0-110-- 0-100 
3 0-063 +. 0-055 0-085 -- 0-095 





These results did not demonstrate any significant difference 
hetween the mean plasma levels of the two salts, but there was a 
greater variation in the plasma levels after calcium than after 
sodium heparin. The results do not support the suggestion 
that one salt may be safer than the other because of the different 
plasma heparin levels achieved. 
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INTERNATIONAL MULTICENTRE TRIAL (1975) Prevention of fatal 
postoperative pulmonary embolism by low doses of 
heparin. Lancet, 2, 45-51. 

NICOLAIDES A. N., GORDON-SMITH I., RUSSELL R. C. G. et al. (1977) 
Subcutaneous heparin, plasma heparin levels and post- 
operative wound haematoma. Br. J. Surg. 64, 837-838. 


20. Leucocyte ascorbic acid levels and deep vein thrombosis 

T. V. TAYLOR, A. T. RAFTERY, CHRISTINE LOVEDAY, I. W. DYMOCK, 
J. B. ELDER, A. C. C. GIBBS, JULIE JEACOCK, S. B. LUCAS and 
M. A. PELL, University Department of Surgery, Royal Infirmary, 
Manchester, Department of Medicine, Stepping Hill Hospital, 
and Faculty of Medicine Computational Group, University of 
Manchester 


A relationship between leucocyte ascorbic acid levels and the 
incidence of deep vein thrombosis (DVT) has been suggested 
(Spittle, 1971). The present study was designed to answer the 
questions (a) does administration of ascorbic acid preopera- 
tively reduce the incidence of DVT? and (5) do patients with 
DVT have low levels of leucocyte ascorbic acid post- 
operatively ? 

After informed consent 44 general surgical patients were 
included in a prospective randomized double-blind controlled 
trial in which patients were allocated to receive either ascorbic 
acid (500 mg twice daily) or placebo. Treatment began 7 days 
prior to and continued up to the time of surgery. Venous blood 
samples were taken for leucocyte ascorbic acid measurements 
before entering the trial, again before surgery, on the day of 
operation and on 3 further occasions at 3-day intervals. Venous 
thrombosis was diagnosed using the 'I-fibrinogen test and 
the leg scans interpreted as described by Roberts et al. (1976). 

There was no significance in the incidence of DVT between 
the treatment and placebo groups (7*-0-08, P=0-77). In 
those with DVT (n=23) the mean leucocyte ascorbic acid 
on the day of operation was not significantly different from 
those without DVT. However, on the sixth and ninth post- 
operative days leucocyte ascorbic acid levels were significantly 
lower in the DVT group (P =0-002 and P —0-45 respectively). 

Our results suggest that administration of ascorbic acid 
preoperatively does not reduce the incidence of DVT, but a 
striking decrease in leucocyte ascorbic acid levels was observed 
in the DVT patients and these data are in keeping with the 
hypothesis that an initial event in the pathogenesis of DVT is 
adherence of leucocytes to the venous endothelium (Cooke 
et al, 1977). 


COOKE E. D., BOWCOCK S., LLOYD M. J. et al. (1977) Intravenous 
lignocaine in prevention of deep vein thrombosis after 
elective hip surgery. Lancet 2, 797-799. 

ROBERTS V, C. (1975) Fibrinogen uptake scanning for diagnosis 
of deep vein thrombosis: a plea for standardisation. 
Br. Med. J. 3, 455-458. 

SPITTLE C. (1971) Vitamin C and ‘thrombotic’ episodes. Lancet 
2, 1280. 


21. The effect of intermittent compression of the legs on the 
fibrinolytic responses to surgical operation 

T. O'BRIEN, MARALYN WOODFORD and M. H. IRVING, Department 
of Surgery, Hope Hospital, University of Manchester School of 
Medicine, Salford 


Hills et al. (1972) demonstrated that intermittent calf com- 
pression applied during and after operation reduces the 
incidence of venous thrombosis in patients with benign 
disease. Knight and Dawson (1976) have suggested that the 
mechanism may be by fibrinolytic enhancement. We have 
studied the effect of intermittent calf compression applied 
only during operation on the fibrinolytic responses to surgical 
trauma, as measured by a range of standard tests of fibrinolysis. 
Twenty patients received Dextran 70 and 20 patients, 
matched for age, sex and length of operation, received Dextran 
70 plus intermittent calf compression during the operation as 
prophylaxis. Previous studies have demonstrated that Dextran 
70 does not alter the general fibrinolytic response to surgical 
operation (Cronberg et al., 1966). The study was confined to 
patients undergoing major abdominal surgery. Venous blood, 
withdrawn without compression, was obtained preoperatively, 
intraoperatively and on the first 2 postoperative days. 
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The euglobulin lysis time response, a measure of plasminogen 
activator, is shown in the Table. Both groups showed identical 
responses with significant fibrinolytic enhancement at mid- 
operation (P< 0:01) and significant fibrinolytic shutdown post- 
operatively (P<0-01). We conclude that intermittent calf 
compression applied only during operation does not increase 
intraoperative fibrinolytic activity, nor prevent postoperative 
fibrinolytic shutdown. 


Euglobulin lysis time (min) 


Preop. Mid-op. Day I Day 2 
Dextran only 
Benign 206-0 54-0 553-0 570-0 
:-60-1 +120 +4388 +. 154-7 
Malignant 368-5 98-0 702:7 768-8 
487-9 +235 -+ 197-0 +1731 
Dextran -- ICC 
Benign 226-4 88-0 645-0 596-4 
435355 i168 + 159-6 +1669 
Malignant 237.8 117.5 894-4 791-1 
4:88.35 +45 + 160-8 ~- 189-0 


Values are mean--1 s.e. mean. 
ICC, intermittent calf compression. 


CRONBERG S., ROBERTSON B., NILSSON I M. et al. (1966) Sup- 
pressive effect of Dextran on platelet adhesiveness. 
Thromb. Diath. Haemorrh. 16, 384—394. 

HILLS N. H., PFLUG J. J., JEYASINGH K. et al. (1972) Prevention of 
DVT by intermittent pneumatic compression of the calf. 
Br. Med. J. 1, 131—135. 

KNIGHT M. T. N. and DAWSON R. (1976) The effect of inter- 
mittent compression of the arms on deep venous throm- 
bosis in the legs. Lancet 2, 1265-1267. 


22. Advantages of sequential compression of the lower limbs in 
the prevention of postoperative deep vein thrombosis 

A. N. NICOLAIDES, J. FERNANDES and A. V. POLLOCK, Academic 
Surgical Unit, Vascular Laboratory, St Mary's Hospital 
Medical School, London, and Department of Surgery, Scar- 
borough Hospital, Yorkshire 


The optimal pressures which produced the maximum increase 
in blood velocity in the femoral vein during compression of the 
lower limb with a sequential compression device (6 chambers) 
were determined using Doppler ultrasound in 10 normal limbs. 
Pressures were 35, 30 and 20 mmHg at the ankle, calf and thigh 
sequentially for 12 5 in every minute and produced a 240 per 
cent increase in the peak blood velocity. Higher pressures did 
not increase velocity further and caused discomfort. A non- 
sequential device (1 chamber) inflated at 35 mmHg for 125 
every minute produced only a 180 per cent increase in blood 
velocity. 

The two devices were then tested clinically. Surgical patients 
were randomized to 3 groups and scanned using the +I- 
fibrinogen test: Group A (4-85) 7 days subcutaneous 
heparin; Group B (2 —83), non-sequential device for 16-24 h 
from induction of anaesthesia; Group C (n—83), sequential 
compression device for 16-24 h from induction of anaesthesia. 








No. of limbs 
A B C 
170 166 166 
Calf DVT atid — 15 (8-8°%) 8 (4872) 9 (545) 
Calf DVT at 2-6 d | 4 (2:925) 17 (10:225) 24 (14-522) 
DVT proximal to 
calf at 1-6 d 1 (0-625) 12 (729) 4 (24%) 


yi-420, P<0-05. 


The results suggest that the sequential compression device 
is as effective as heparin during the period when it is used and 
more effective than a non-sequential device in preventing DVT 
proximal to the calf. 
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23. Diagnosis of pancreatic carcinoma using the leucocyte 
adherence inhibition microassay 

S. H. LEVESON, A. J. RUSSO, H. O. DOUGLASS Jun., M. R. GOLDROSEN, 
and E. D. HOLYOKE (G. R. GILES), Department of Surgical 
Oncology, Roswell Park Memorial Institute, Buffalo, New York 


Pancreatic carcinoma has increased in incidence over the past 
5 years. The high mortality associated with this disease may be 
related to the difficulty in its early diagnosis by methods in 
current use. 

In thís pilot study we have applied the leucocyte adherence 
inhibition (LAI) microassay (Leveson et al, 1977) to the 
detection of pancreatic cancer. In the assay, specific antigenic 
recognition by sensitized leucocytes results in a decrease of 
adherence to a plastic surface. 

Buffy coat leucocytes from 19 patients with pancreatic 
carcinoma, 10 with acute pancreatitis, 10 with upper gastro- 
intestinal malignancies other than pancreatic carcinoma and 
28 normal healthy volunteers were tested against crude 
membrane preparations from pancreatic and colon carcinoma 
in a blind coded fashion. A LAI index of —02 appeared to 
distinguish between patient populations. Of the 19 pancreatic 
cancer patients 18 had a mean LAI index of less than —0-2. 
Conversely, leucocytes from patients with pancreatic carcinoma 
did not show such an inhibition of adherence when exposed to 
colon carcinoma membrane extract. 

The test appears to have a diagnostic accuracy of more than 
95 per cent in all patients tested to date and also discriminates 
between those patients with pancreatic carcinoma and those 
patients with pancreatitis, other malignancies and normal 
controls. Further studies are in progress to confirm the 
immunodiagnostic potential of this assay. 


LEVESON $S. H., HOWELL J, H., HOLYOKE E. D. et al. (1977) 
Leucocyte adherence inhibition: an automated micro- 
assay demonstrating specific antigen recognition and 
blocking activity in two murine tumour systems. J. 
Immunol. Meth. 17, 153-162. 


24. Changes in potassium due to haemorrhage measured with 
a catheter tip potassium electrode in the anaesthetized cat 

T. TREASURE and D. M. BAND (C. W., JAMIESON), Sherrington 
School of Physiology, St Thomas’ Hospital, London 


Potassium is released from the liver following various stimuli 
including catecholamines, glucagon and haemorrhage (Shoe- 
maker and Elwyn, 1969). Previous studies have depended on 
intermittent sampling and measurement of plasma potassium 
by flame photometer. Ion selective electrodes offer an alterna- 
tive method of measurement (Pioda et al., 1969). Selective PVC 
membranes measure the ion rapidly and accurately, and because 
they respond reversibly to the potassium in whole blood they 
can be used in vivo (Treasure and Band, 1978). Catheter tip 
electrodes have been developed to monitor potassium con- 
tinuously (Treasure and Band, 1977). 

Eighty-five haemorrhage experiments were performed in 10 
cats and potassium was measured continuously in the superior 
and inferior venae cavae and a carotid artery. Blood was 
withdrawn until the pressure had fallen to 50 mmHg or 
10 ml/kg had been taken. The potassium level changed most 
in the inferior vena cava and sometimes doubled within a 
minute. This was followed by an increase in the arterial and 
then the superior vena cava level. The magnitude of the change 
increased with time and at 6h after the induction of the 
anaesthetic was 2:9 mmol/1-- 16 (mean--s.d.). The results 
provide evidence of hepatic release and peripheral uptake of 
potassium. On reinfusing the blood potassium fell and there 
was evidence of movement back into the liver. 


PIODA L. A. R, STANKOVA V. and SIMON w. (1969) Highly 
selective potassium ion responsive liquid membrane 
electrode. Analytical Letters 2, 665-674. 

SHOEMAKER W. C. and ELWYN D. H. (1969) Liver: functional 
interactions in the intact animal. Ann. Rev. Physiol. 3, 
227-268. 

TREASURE T. and BAND D. M. (1978) Measurement of plasma 
potassium using ion selective electrodes. Proc. Anal. 
Div. Chem. Soc. (In the press.) 


TREASURE T. and BAND D. M. (1977) Continuous monitoring 
of blood potassium demonstrated in the animal. J. 
Physiol. 266, 12P-13P. 


25. Inhibition of metabolic 
septicaemia 

H. J. G. BURNS, I. MCA. LEDINGHAM and A. W. KAY, University 
Department of Surgery, Western Infirmary, Glasgow 


Endotoxin is known to cause indirect vascular changes 
resulting in tissue hypoxia, but direct effects on cellular 
metabolism also occur. Existing evidence in experimental 
animals suggests that it may act by blocking the entry of 
pyruvate into the Krebs cycle. 

As a first step towards localizing the metabolic block, live 
Escherichia coli (0114 strain) were injected intraperitoneally 
into male CBA mice. A progressive septicaemia resulted. 
Animals were killed at intervals, their livers were freeze- 
clamped, homogenized and substrate analysis was performed. 

Hepatic pyruvate and acetyl coenzyme A content rose 
significantly and then fell; citrate content rose significantly; 
a-oxoglutarate content fell progressively. 

In addition, ATP levels rose significantly (P 0-02). Although 
measurements of substrate content do not necessarily corre- 
spond to substrate flux, these data suggest that the metabolic 
block in Gram-negative septicaemia occurs after formation of 
citrate and probably involves the step catalysed by isocitrate 
dehydrogenase. These findings could be explained by damage 
to the mitochondrial membrane. 


pathways in Gram-negative 


Time after injection (h) 


Hepatic content 0 2 5 8 
Pyruvate 

(umol/g tissue) 00958 0-1448**  0-0575*** 0-0599 
Citrate 

(umol/g tissue) 03382 0-2844 0) 5684*** Q465] 
«-Oxoglutarate 

(umol/g tissue) 0-0849 9-0895 0-0675 0-0641* 
Acetyl COA 

(nmol/g tissue) 58.7591 66-6645 66-8837 55:9459 


*P<0-05; **P < 002; ***P <0-01. 


26. The removal of starch granules from two types of surgical 
glove 

M. H. JOURDAN, J. A. LYTTLE and I. MCCOLL, Department of 
Surgery, Guy's Hospital, London 


'Silent peritoneal granulomas were recently discovered in a 
young patient at a fourth laparotomy. Since two types of 
glove are used by members of the surgical team, we studied the 
removal of starch from glove surfaces using a number of 
washing solutions. 

The Regent Dispo and Franklin Puritee gloves have been 
investigated. A segment of glove was cut, the outer aspect 
stained with Lugol's iodine, and, after drying, mounted on a 
microscopic slide with Sellotape covering. The starch granules 
can easily be seen under the microscope, and the number per 
field counted. Granule counts were made after washing the 
gloves in water, 1/100 Savlon, Hibiscrub and Disidine iodine 


No. granules per field* Dispo Puritee 
Zero time 250 = 30 680 +. 60 
Water 3-2 -+-4-8 92 +- 35-5 
Disidine and water 2:3-- 1-5 12-0-- 6:91 
Hibiscrub 1.70--0:8 4.7--0:8 
1/100 Savion 48-2436 22-605 





* Mean--s.e. mean at time zero and after 1-min wash. 
Tf 6:0-- L:5 at 2 min. 


scrub with water for lengths of times varying up to 2 min, The 
initial granule count was three times greater on the Puritee than 
on the Dispo glove. Water was less effective than the other 
solutions in removing the granules from the Puritee glove but 
all solutions were equally effective on the Dispo glove. Although 
Hibiscrub was the most effective solution under experimental 
conditions, the iodine preparation has the advantage of making 


the granules visible as a purple coating. Using Disidine iodine 
and water, a 1-min wash will remove 98-99 per cent of the 
surface starch powder. 


27. Randomized prospective study on cirrhotic ascites, comparing 
medical therapy versus the LeVeen peritoneojugular shunt 

$. WAPNICK, S. GROSBERG, M. I. EVANS and H. H. LEVEEN (J. C. 
GOLIGHER), Departments of Surgery and Gastroenterology, 
VA Hospital and Downstate Medical Center, Brooklyn, NY 


Many patients with cirrhotic ascites eventually become 
refractory to medical management. Renal failure quickly 
develops and life expectancy becomes limited to weeks. The 
development of the peritoneojugular (LeVeen) shunt may be an 
alternative mode of therapy (LeVeen et al., 1976). 

A prospective randomized study using matched patient pairs 
with massive ascites compared the LeVeen shunt with tradi- 
tional medical therapy. The survival time was longer for 
surgical patients in 12 of 14 pairs (binomial expansion, 
P<0-02). 

Patients undergoing surgery lost more weight (11-3 kg v. 
4:3 kg), showed a significantly greater decrease in abdominal 
girth (10-7 cm v. 0-9 cm) and had a greater diuresis (5-815 ml/ 
24 h v. 900 ml/24 h; P 0-001) than medically treated patients. 
Medical patients also experienced a significant rise in blood 
urea which did not occur in their surgical counterparts. 

The prognosis for survival and dissipation of ascites is 
bétter for patients treated with the LeVeen shunt than by 
medical management. The treatment is effective in truly 
refractory ascites and the hepatorenal syndrome. 


LEVEEN H. H., WAPNICK S., GROSBERG S. et al. (1976) Further 
experience with peritoneovenous shunt for ascites. 
Ann. Surg. 184, 574—580. 


28. The breakdown of PGA in human urine 


M. C. HOLBROOK (I. E. GILLESPIE), University Department of 


Surgery, Royal Infirmary, Manchester 


To prevent the problems of postoperative stone formation in 
urological surgery it is essential that an absorbable suture 
material be used to close incisions where the tissues are bathed 
in urine. The classic suture materials, plain and chromic 
catgut, have been used for many years, but in some centres 
are being superseded by polyglycolic acid (Dexon PGA). In 
some of our patients disruption of bladder wounds closed with 
PGA has occurred. Anxiety about this has prompted the 
present study of the behaviour of PGA in human urine. 

PGA suture material in 50-mm lengths was incubated in vitro 
at 37 °C in urine from 10 healthy male and 10 healthy female 
volunteers. The tensile strength of 10 samples from each 
incubate was measured daily on an Instron Universal testing 
machine at a beam speed of 5 cm/min. In 40 per cent the PGA 
sutures had disintegrated by 3 days. This is in marked contrast 
to the behaviour of PGA in the urine of laboratory animals; 
in dogs (Morrow et aL, 1974) PGA loops were still visible 
between 3 and 6 weeks after insertion and in rabbits (Bergman 
et al, 1970) concretions were found on the PGA sutures in 
some cases 10-21 days after bladder closure. 

In order to elucidate the mechanism of breakdown of PGA 
in human urine further studies of the tensile strength have 
been undertaken. Samples of PGA suture material have been 
incubated in boiled uríne, citrate-phosphate buffers at various 
pH values, buffered urine, ultrafiltrates of urine and solutions 
of differing urea concentration. These studies indicate that 
PGA sutures are probably broken down by an enzyme of 
molecular weight < 30 000 that is active in the pH range 6-5-8. 
This enzyme has no amylase or hyalurinidase activity and 
appears to be present in urine from normal males and females. 


BERGMAN F, O., BORGSTRÖM S. J. H. and HOLMLUND D. E. W. 
(1971) Synthetic absorbable surgical suture material 
(PGA). An experimental study. Acta Chir. Scand. 137, 
193--200. 

MORROW F. 4., KOGAN S. 1, FREED S. Z. et al. (1974) In vivo 
comparison of polyglycolic acid, chromic catgut and silk 
in tissue of the genitourinary tract: an experimental study 
of tissue retrieval and calculogenesis. J. Urol. 112, 655-658. 
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29. A prospective, comparative trial of hepatobiliary scanning 
and contrast radiology in the diagnosis of acute cholecystitis 

A. W. HALL, M. L. WISBEY, F. HUTCHINSON, R. A. B. WOOD and 
A. CUSCHIERI, Department of Surgery and Medical Physics, 
Ninewells Hospital, Dundee 


Early cholecystectomy for acute cholecystitis may reduce 
morbidity without increasing mortality (McArthur et al., 1975). 
Accurate diagnosis is essential but clinical criteria are incorrect 
in 15 per cent of cases. Thirty-one patients with suspected 
acute cholecystitis were studied by contrast radiology— 
intravenous cholangiography (IVC) 24 cases, oral cholecysto- 
graphy 7—and hepatobiliary scanning after injection of 
*“Tc™ pyridoxylidene glutamate. Absence of a gallbladder on 
the scan by 3 h was deemed positive. Conventional radiological 
criteria were used and diagnosis confirmed by laparoscopy or 
laparotomy. Twelve cases had acute cholecystitis, 10 chronic 
cholecystitis with cholelithiasis and 9 cases no gallbladder 
pathology. Results were expressed as predictive values (Vecchio, 
1966) both when the tests were positive, indicating gallbladder 
disease, and when negative, excluding cholecystic pathology. 

The results showed that the predictive value of a positive 
test for gallbladder disease was 95 per cent for contrast 
radiology and 100 per cent for scans. The predictive value of a 
positive test for acute cholecystitis was 60 per cent and 71 per 
cent for contrast radiology and scans respectively. In excluding 
acute cholecystitis the predictive value of a normal gallbladder 
scan was 100 per cent as opposed to 81 per cent for radiology. 

Hepatobiliary scanning compares favourably with contrast 
radiology for diagnosis of cystic duct patency and gives fewer 
technical failures. A positive scan confirms gallbladder disease 
and a negative test excludes acute cholecystitis. 


MCARTHUR P., CUSCHIERI A., SELLS R. et al. (1975) Controlled 
trial comparing early with interval cholecystectomy for 
acute cholecystitis. Br. J. Surg. 62, 850-852. 

VECCHIO T. J. (1966) Predictive value of a single diagnostic 
test in unselected populations. N. Engl. J. Med. 274, 
1171-1173. 


30. The relationship between gallstones and cystic duct anatomy 
in acute pancreatitis 

M. J. MCMAHON and M. J. PLAYFORTH, University Department of 
Surgery, General Infirmary, Leeds 


Two recent reports (Acosta and Ledesma, 1974; Kelly, 1976) 
have indicated a high recovery of gallstones from the faeces of 
patients with acute pancreatitis, but not from patients with 
other biliary symptoms despite the fact that no difference was 
found in the size and number of stones in the gallbladder in 
the two groups of patients. 

As only a proportion of patients with gallstones develop 
pancreatitis, we studied the size, shape and density of gall- 
bladder stones, and made an estimate of the cystic duct calibre 
in these two groups. Gallbladders were obtained at operation 
from 27 patients with gallstones. Eight had previously been 
admitted with acute pancreatitis. The stones were removed, 
dried, weighed, graded for size and shape and their volume was 
measured in a densitometer. The flow volume transmitted by 
the cystic duct stump was measured under a constant pressure 
of 1 m of saline. 


Pancreatitis Other gallstone 
patients patients 
(n —8) (n —19) 
Volume transmitted by 
cystic duct (ml/mm) 332 -- 161 105+ 122* 
Total stones 148 +201 104 +220 
Mean stone weight (mg) 0:54 - 1-08 1-06 1-42 
Stone density 0-96 +0-08 1-16--0:37 





*P<0-001. 


The results suggest that patients with pancreatitis have a 
significantly wider cystic duct and tend to have smaller, lighter 
and less smooth stones than those found in other patients with 
galistone disease. 


ACOSTA J. M. and LEDESMA C. L. (1974) Gallstone migration as a 
cause of acute pancreatitis. N. Engl. J. Med. 290, 484—487. 
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KELLY T. R. (1976) Gallstone pancreatitis: pathophysiology. 
Surgery 80, 488-492. 


31. The X-ray diffraction study of gallstones: identification of 
pure mineral stones 

J. P. ARNAUD, M. APRAHAMIAN, M. R. ELOY and M. ADLOFF, 
CMCO Department of Surgery, Strasbourg, and Unite 61 
de l'INSERM, Strasbourg, France 


There is no satisfactory system in common use for classifying 
gallstones. An erroneous picture of their composition has been 
given by macroscopic and X-ray analysis, leading to unsuitable 
nomenclature. However, the X-ray powder diffraction tech- 
nique enables the crystalline constituents of the gallstones to be 
determined. 

Samples (200 mg) from the stones were powdered and 
photographed using filtered copper radiation. The resulting 
diffraction patterns were matched against standard patterns. 
The relative height of the lines was used as a semiquantitative 
assay. Gallstones from 152 patients were analysed. 

Seventy-eight per cent of the stones were ‘mixed’ stones 
consisting of cholesterol and its derivates, biliary salts, pig- 
ments and minerals. Pure cholesterol gallstones have never been 
observed, whereas 22 per cent consisted exclusively of mineral 
compounds. They consisted of calcite and aragonite (4), 
calcium phosphate (7), calcium phosphate and calcite (5) and 
calcium phosphate with both vaterite and calcite (6). A new 
mineral compound, montmorillonite (4810,-A1,0, [1+x] 
H0), was identified as the exclusive component of 10 pure 
mineral stones. 

The existence of pure mineral stones and the regular occur- 
rence of both iron and aluminium in gallstones have implica- 
tions for the pathogenesis and the medical management of 
gallstones. 


32. The effect of truncal vagotomy on bile kinetics in the Rhesus 
monkey 

P. MCMASTER, R. K. MEDD, R. N. MCLEISH and J. G. LINES (R. Y. 
CALNE), Departments of Surgery and Clinical Biochemistry, 
University of Cambridge, and Huntingdon Research Centre, 
Huntingdon 


A clinical association between vagotomy and an increased 
incidence of cholelithiasis has been reported but never con- 
clusively proved (Fletcher and Clark, 1968). Experimental 
studies suggest that truncal vagotomy does affect the biliary 
system, with an increase in gallbladder size and possibly 
changes in the bile composition (Fletcher and Clark, 1969). 
However, the precise impact of vagotomy on bile secretion is 
far from clear and the effect of gastric drainage alone uncertain 
(Scott Jones and Smith, 1977). To clarify the effect of truncal 
vagotomy and gastric drainage on canalicular bile, two groups 
of Rhesus monkeys were studied. 





Group I Group 2 
Pre-TV TV -P Pre-P Post-P 
{n = 50) {n 33) (n —45) (n 35) 
Bile 
volume 155.-41-1 1613-4283 1537-4192 1579-4191 
Bile acid 
conc. 528-452 46-8--6.6** 52547 49-6 -.. 5.9* 
Phospho- 
lipid 6:2-- 0-9 7T.2-- 1-6* 6:4-- 1-0 Ti-Xxr3* 
Chol- 
estero]. 1-1--0:3 2:5-—-0.9** 1-44-06 2:7 4-0:7** 
Cholesterol 
saturation 
index 41-4 79.8** 43-6 §1-3** 
TV, Truncal vagotomy; P, pyloroplasty. 
*P-—(M05; F* Po 0-01. 


Group I: 5 Rhesus monkeys underwent cholecystectomy 
and insertion of a bile duct T tube. A second T tube allowed 
return of bile to the stomach. Five per cent of the extrahepatic 
circulation was removed for analysis over a 3-week period 
before and after truncal vagotomy and pyloroplasty. The 
changes in canalicular bile composition increase the degree of 
cholesterol saturation. 


Group 2: 5 Rhesus monkeys after cholecystectomy had a 
bile circuit with T tubes established. After 3 weeks' study 
gastric drainage by pyloroplasty alone was performed. 

Vagotomy and pyloroplasty produces changes in canalicular 
bile composition in the Rhesus monkey with increased chol- 
esterol saturation. However, the gastric drainage rather than 
the vagotomy may be responsible. 


FLETCHER D. M. and CLARK C. G. (1968). Gallstones and gastric 
surgery. Br. J. Surg. 88, 895-899, 

FLETCHER D. M. and CLARK C. G. (1969). Changes in canine bile 
flow and composition after vagotomy. Br. J. Surg. S6, 
103-106. 

SCOTT JONES R. and SMITH B. M. (1977) The effects of truncal 
vagotomy on taurocholate choleresis and secretin chol- 
eresis. J. Surg. Res. 23, 149-154. 


33. Phenobarbitone and gallstone disease 
C. MACKAY, A. SALI and F. G. ADAMS, Departments of Surgery 
and Radiology, Western Infirmary, Glasgow 


Animal studies have shown that phenobarbitone increases 
bile salt secretion by the liver (Redinger and Small, 1973) and 
bile salt absorption by the ileum. For these reasons this drug 
was used in conjunction with bile salts to aid gallstone dis- 
solution in man. We have studied the prevalence of gallstone 
disease in patients taking phenobarbitone over a long period 
of time. 

The records of 122 patients aged 20 vears and over were 
examined. Each patient had been receiving barbiturate for at 
least 5 years and serum levels were estimated. Two patients 
had undergone cholecystectomy for gallstone disease. Per- 
mission to perform cholecystography was sought and obtained 
from 72 patients (60 per cent). In 62 patients the gallbladder 
was normal, in 7 gallstones were visualized and in 3 the gall- 
bladder was non-functioning. There was therefore evidence of 
gallstone disease in 12 of 74 patients, a prevalence of 18 per 
cent. The prevalence rate in males was 17 per cent (8 of 48 
patients) and in females it was 15 per cent (4 of 26 patients). 

These prevalence rates are higher than those reported by 
Bainton et al. (1976) in their study of a random sample of the 
population. There is no evidence that phenobarbitone protects 
patients from gallstone disease. 


BAINTON D., DAVIES G, T., EVANS K. T. et al. (1976) Gallbladder 
disease. Prevalence in a South Wales industrial town. 
N. Engl. J. Med. 294, 1147-1149. 

REDINGER R. N. ánd SMALL D. M. (1973) Primate biliary physi- 
ology. VIH. The effect of phenobarbital upon bile salt 
synthesis and pool size, biliary lipid secretion and bile 
composition. J. Clin. Invest. 82, 161—172. 


34. The arteries and veins of the common bile duct: guidelines 
for surgical practice 

j. M. A. NORTHOVER and J. TERBLANCHE, Department of Surgery 
and Medical Research Council Liver Research Group, University 
of Cape Town, Republic of South Africa 


Damage to bile duct blood supply has been cited as a cause of 
bile duct strictures, though never proved. During a study of 
the subiect in relation to liver transplantation, using high 
resolution resin casts, certain points of surgical relevance have 
emerged. 

1. The bile duct is served by two main arteries, 0-3 mm in 
diameter, running along the right and left lateral borders. 
These arise usually from the retroduodenal artery below and 
the right hepatic artery above; they receive various other 
arteries, mainly from below. Veins accompany all arteries. 
Dissection at the lateral borders of the duct should be mini- 
mized. 

2. The retroportal artery, not described by previous workers, 
arises from the superior mesenteric or coeliac axis and is a 
major source of supply to the posterior surface of the duct. 

3. The right lateral artery usually runs immediately behind 
the cystic duct-common duct junction; flush-tying of the 
cystic duct may damage this vessel. 

4. The area between the common duct and the common 
hepatic artery is frequently traversed by arteries to the duct; 
this danger area should not be dissected unnecessarily. 

i 


It is suggested that the primary cause of duct stricture, 
especially the widespread type after apparently minimal 
damage, is interference with bile duct blood supply. 


35. The effect of obstructive jaundice on abdominal wound 
healing 

M. G. GREANEY, R. VAN NOORT, T. T. IRVIN, M. M. BLACK and 
ANNE SMYTHE (H. L. DUTHIE), Departments of Surgery and 
Medical Physics, University of Sheffield 


Clinical impressions have suggested that jaundice has adverse 
effects on abdominal wound healing (Ellis and Heddle, 1977), 
and it has been reported that obstructive jaundice has an 
adverse effect on the bursting pressure of abdominal wounds in 
animals (Bayer and Ellis, 1976). 

The effects of jaundice on abdominal wound healing were 
studied in 249 male Wistar rats following ligation and division 
of the common bile duct. Wound healing was assessed by 
measurements of collagen and wound tensile strength, and the 
results were compared with those of anicteric control animals. 
Peak serum bilirubin levels (mean s.e. mean) of 197-11 
mmol/l occurred 2 weeks after common bile duct ligation. The 
maximum values (mean--s.e. mean) for wound collagen and 
tensile strength measurements in these animals and in control 
animals are shown in the Table. 


Test 
(jaundiced) Control 

Wound collagen (ug) 1447 4-231 1473 4-213 
Wound bursting pressure 

(MN/m? x 10?) 109 +. 10:44 133 2- 10-69 
Wound rupture stress 

(MN/m* 0:57 - 0-07 0-66 2- 0-07 
Rupture stress ratio 

(wounded : unwounded 

tissue) 0-83 -- 0:20 0-91 + 0-08 

None of these differences is statistically significant 


and wound healing measurements between the first and 
eleventh days after wounding failed to show any significant 
difference between test and control animals. The results suggest 
that obstructive jaundice has no significant effect on abdominal 
wound healing. 


BAYER I. and ELLIS H. (1976) Jaundice and wound healing: an 
experimental study. Br. J. Surg. 63, 392-396, 

ELLIS H. and HEDDLE R. (1977) Does the peritoneum need to be 
closed at laparotomy? Br. J. Surg. 64, 733-736. 


36. Is sphincteroplasty a valuable treatment for benign biliary 
obstruction? 

N. MERKLE, T. HEIL, D. BELOHLAVEK, E. U. VOSS and C. HERFARTH, 
Department of Surgery, University 7900 Ulmi Donau, Germany 


Sphincteroplasty of the choledochoduodenal junction was 
performed in 56 patients during the years 1966-72 for biliary 
obstruction due to stones. Follow-up study of these patients 
included liver function tests, plain abdominal X-ray and 
endoscopic retrograde cannulation of the bile duct (ERCB). 
In 34 patients endoscopic manometric bile pressure studies 
were performed. 

In 40 of the 56 patients the liver function tests were normal, 
while in 15, minimal changes were noted. ERCB was successful 
in 49 patients, of which 15 had a dilated bile duct. In 2 patients 
debris was found in the bile duct or the stump of the cystic 
duct. The manometric studies showed no pressure increment 
between the duodenum and bile duct in 19 patients, 8 of whom 
had gas in the biliary tree on plain abdominal X-ray. Thirteen 
patients showed a lower pressure gradient while 2 showed a 
higher pressure gradient between the duodenum and bile duct. 
In the 2 patients with a raised pressure gradient the liver 
function tests were abnormal. 

Endoscopic manometric measurement of the pressure 
gradient between the bile duct and duodenum is a useful test 
in estimating the therapeutic effect of sphincteroplasty as a 
method of bile drainage. Severe side effects of this operative 
procedure were not observed. 
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37. The metabolic effects of alanine infusion in prolonged sepsis 
G. ROYLE, M. KETTLEWELL, VERA ILIC and D. H. WILLIAMSON 
(P. 3. MORRIS), Nuffield Department of Surgery and Metabolic 
Research Laboratory, University of Oxford, Radcliffe Infirmary. 
Oxford 


The release of alanine from muscle and its hepatic metabolism 
are important factors in the control of gluconeogenesis. 
Gluconeogenesis from alanine is increased in early sepsis 
(Gump et al., 1975) but decreased in starvation (Felig et al., 
1969). Little is known about the control of gluconeogenesis in 
surgical patients with prolonged severe sepsis. 

We have therefore studied the metabolic effects of a 12-g 
intravenous infusion of alanine in 7 surgical patients suffering 
from sepsis of 1-2 weeks' duration. These patients were 
compared with 7 ‘normal’ patients of similar age. Venous 
blood alanine, glucose, pyruvate, lactate, insulin and ketones 
were measured. 


Blood Control Septic 
metabolites (n 7) (n 7) 
Alanine 

Basal (0-35 0-03 0-23. 0-02** 
T; (min) 354-3 34--2 
Glucose 
Basal 5:31 - 0:24 5:40--0-38 
Rise 0-25 0-15 0-30-- 0-16 
Pyruvate 
Basal 0-08 4- 0-01 0:08 4-0 01 
Rise 0-05 :- 0-01 0-04 -- 0-01 
Lactate 
Basal 0-73 +-0-10 0-83 Es 0-06 
Rise 0-38 + 0-08 0-31 :- 0-08 
Insulin 
Basal (mujl) 8-3-- 2-0 56425 
Rise (mu/l) 1r:53- 39 146-53 
Ketones 
Basal 0-15- 002 0-46 + 0-10* 
Fall 0-07 - 0-02 0-28 + 0-07* 


All values mmol/l except where stated otherwise. 
Mean--s,e. mean. *P<0-05; **P<0-01. 


Basal blood alanine was lower in the septic patients but 
removal of an alanine load was similar in both groups. This 
suggests decreased muscle release of alanine rather than 
increased hepatic uptake in the ill patients. Basal blood 
concentrations and increases of pyruvate, lactate, glucose and 
insulin were similar in both groups. Basal blood ketone 
concentrations were, however, much higher in the septic group 
and showed a greater fall following alanine infusion. Hyper- 
ketonaemia may have caused decreased alanine release in the 
septic patients (Sherwin et al., 1975) or, alternatively, mal- 
nutrition may have decreased muscle protein availability. The 
hypoketonaemic effect of an alanine (or other amino acid) 
infusion may disturb the mechanisms for protein conservation 
in the septic patients. 


FELIG P., MARLISS E., OWEN O. E. et al. (1969) Role of substrate 
in the regulation of hepatic gluconeogenesis in fasting 
man. Adv. Enz. Reg. 7, 41-46. 

GUMP F. E., LONG C. L., GEIGER J. W. et al. (1975) The significance 
of altered gluconeogenesis in surgical catabolism. J. 
Trauma 15, 704—713. 

SHERWIN R. S., HENDLER R. G. and FELIG P. (1975) Effects of 
ketone administration on amino acid metabolism in man. 
J. Clin. Invest. 88, 1382-1399. 


38. Is the nitrogen loss in postoperative patients from muscle? 
G. L. HILL, I. D. MCCARTHY, L. BURKINSHAW and D. B. MORGAN, 
University Departments of Surgery and Chemical Pathology, 
General Infirmary, Leeds 


The increased excretion of nitrogen in the urine after surgery 
is usually assumed to come largely from skeletal muscle, but 
the evidence for this is indirect (Moore and Brennan, 1975). 

In 16 patients undergoing proctocolectomy or abdomino- 
perineal resection (8 males, 8 females, 50-4: 15:7 years) total 
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body potassium (from *K counting) and total body nitrogen 
(from neutron activation analysis), were measured before 
and i4 days after surgery. The ratio of potassium : nitrogen in 
skeletal muscle was measured in small needle biopsy samples 
obtained from 9 patients. 

After surgery there were significant decreases (P<0-01) of 
total body potassium (TBK) (303 -45 mmol or 11-7 per cent) 
and total body nitrogen (TBN) (167-33 g or 10:3 per cent). 
The ratio of the mean change in potassium to the mean change 
in nitrogen was 1-81 mmol/g, which was smaller than the 
potassium : nitrogen ratio of skeletal muscle (2:73 mmol/g), 
and larger than the potassium : nitrogen ratio of non-muscle 
(1:4 mmol/g). 

The regression equation for TBK on TBN beforesurgery was: 


TBK —1:81 0.18 TBN —289 {r=094) 


so that ATBK/ATBN for the group was 1:81 mmol/g. Thus 
the potassium : nitrogen ratio of the bulk differences between 
light and heavy patients was the same as the potassium : 
nitrogen ratio of the tissue lost after surgery (1:81 mmol/g), 
that is, our patients have become lighter after surgery. 

Since less than half of all the body nitrogen is in muscle, 
our results suggest that less than half of the nitrogen lost in the 
perioperative period comes from catabolism of skeletal 
muscle protein. 


MOORE F. D. and BRENNAN M. F. (1975) In: BALLINGER W. F. 
et al. (ed.) Manual of Surgical Nutrition. Philadelphia, 
Saunders, p. 194. 


39. Protein-sparing therapy after major surgery: a clinical trial 
of intravenous amino acids 

J. P. COLLINS, I. D. MCCARTHY and G. L. HILL, University Depart- 
ment of Surgery, General Infirmary, Leeds 


|t is known that intravenous isotonic amino acids improve 
nitrogen balance in starved patients after surgery (Hoover et al., 
1975). Most studies have been concerned with the biochemical 
effects of such therapy and a formal clinical trial in patients 
undergoing major surgery has not been carried out. 

We have carried out body composition studies measuring 
total body nitrogen (TBN) from in vico activation analysis, 
total body potassium (TBK) from **K counting and skinfolds 
(sum of biceps, triceps, subscapular), in 3 groups of patients 
before and 14 days after rectal excision. Each group, comprising 
10 patients, was closely matched for age, sex, weight, diagnosis 
and preoperative weight loss. All the patients were allowed 
free voluntary food intake. Group | (controls) received no 
additional nutrition therapy. Group 2 received a full course of 
intravenous nutrition (0-23--0-03 gN and 36-5+3-5 kcal kg 
body weight! 24 h-!) over the study period and group 3 received 
a simple solution of 4-25 per cent synthetic amino acids (0-23 
+0-02 gN kg body weight! 24 h^?) for a similar period. There 
were no significant differences in oral food intake between 
the groups, which averaged 17-6 kcal kg! 24 h at 7 days and 
25:5 kcal kg-! 24 h^! at 14 days. 


A Weight A Skinfolds A TBN A TBK 

Group (kg) (mm) (g) (mmol) 

I 44-06  —314309  —150—-47 269-50 

2 $ 24406 + (-6--0:8 —132-42 - 62 §3 

3 mum i ‘7-0-4 wom 243 de Í 2 d 10 -:- 28 esee 45 d 36 
I and 2 P<«0-001 P «001 P «0:405 P 0-001 
land? P<0-01 n.s. P001 P «001 
2and 3 P0001 n.s. n.s, n.s. 


The results show that a simple solution of 4-25 per cent 
synthetic amino acids (0:23 gN kg-* 24 h !) administered for 
14 days after major surgery spared body nitrogen and body 
potassium as effectively as a full course of intravenous nutrition. 
HOOVER H. C., GRANT J, P., GORSCHBOTH C. et al. (1975) Nitrogen 

sparing intravenous fluids in postoperative patients. 
N. Engl. J. Med. 293, 172-175. 


40. Acute depression of serum folate due to ethanol-free 
parenteral nutrition and surgical trauma 

R. C. SMITH, G. B. TENNANT, R. H. P. WILLIAMS, C. A. J. WARDROP 
(L. E. HUGHES), University Departments of Surgery and Haema- 
tology, Welsh National School of Medicine 


The ethanol content of parenteral nutrition solutions has been 
considered responsible for acute folate deficiency, leucopenia 
and thrombocytopenia (Wardrop et al., 1975; Wardrop et al., 
1977). Here we consider other parenteral régimes and surgical 
trauma itself. 

Three parenteral nutrition régimes without ethanol were 
infused into 17 preoperative patients and by 48h the serum 
folate fell by 63 per cent (P< 0-001)—ethanol-free Aminoplex 5 
and Intralipid (2 —5) 63 per cent; Aminoplex 14 and glucose 
(n-6) 66 per cent; Vamin and glucose (n--6) 54 per cent. 
Three patients developed potentially cytopenic serum folate 
levels of < 1-0 ugil. 

The surgical trauma of cholecystectomy alone caused a fall of 
serum folate of 37 per cent (P 0-001) 24h after operation. 
This fall did not occur in preoperative patients on dextrose 
saline. Amino acids/electrolytes infused into 25 cholecyst- 
ectomy patients for 48 h from the second postoperative day 
caused a further fall of 47 per cent ( P-— 0-001) (i.e. 78 per cent 


26 per cent. The latter fall was not observed in 13 control 
cholecystectomy patients given dexirose saline. 

It is concluded that ethanol-free parenteral nutrition 
infusions alone, or in combination with moderate surgical! 
trauma, can cause a clinically significant fall of serum folate. 
Folic acid supplementation from the beginning of parenteral 
nutrition is recommended. 


WARDROP C. A. J., HEATLEY R. V., TENNANT G. B. et al. (1975) 
Acute folate deficiency in surgical patients on amino acid/ 
ethanol intravenous nutrition. Lancet 2, 640-642. 

WARDROP C. A, J, LEWIS G. B.. TENNANT G. B. et al. (1977) 
Acute folate deficiency associated with intravenous 
nutrition with amino acid, sorbitol-ethanol: prophylaxis 
with intravenous folic acid. Br. J. Haematol. 31, 521—526. 


41. Ketone body metabolism in surgical patients: relationship of 
production rate to blood concentration of 3-hydroxybutyrate 

J. A. BRADLEY, R. SWAMINATHAN, D. B. MORGAN and G. L. HILL, 
University Departments of Surgery and Chemical Pathology, 
General Infirmary, Leeds 


There is an increased blood concentration of ketones in 
postoperative patients but not those with sepsis. It is not 
known whether these differences in concentration are indicative 
of differences in the ketone production rate. 

We measured the production rate of 3-hydroxybutyrate 
(3-HB) in 11 normal subjects, 10 patients after uncomplicated 
abdominal surgery, 6 patients with localized sepsis moderate") 
and 9 patients with major intra-abdominal sepsis. The produc- 
tion rate was calculated from the disappearance from blood of 
injected 3-HB (25 mmol). 

The Table shows that the differences in production rate 
between the groups were similar to the differences in blood 
concentration. The differences in concentration between the 
postoperative and septic groups could be accounted for 
entirely by the differences in production rate. 


Moderate Severe 


3-HB Normal Postop. sepsis sepsis 
Basal concentration 
(umol/l) 60 468* 337* 134 
Production rate 
(umol/l) 68 321 237 99 





* Significant difference from normal ( P 0-01). 


There was a significant correlation between the logi, 
production rate and the log,, basal concentration of 3-HB 
(r=0-934). However, the relationship was not reliable for 
prediction of the production rate from the basal concentration 
since the actual production rate could be between 0-45 and 
2-24 times the predicted value. 


It is concluded that the differences in 3-HB concentration 
between normal, postoperative and septic patients are due to 
differences in production rate between the groups, but it is not 
possible to obtain a reliable estimate of the production rate 
from the simple measurement of blood concentration in the 
individual. 


42. Ketosis in the undernourished surgical patient 
A. J. RICH and P. D. WRIGHT, Department of Surgery, University 
of Newcastle upon Tyne 


in normal man subjected to prolonged starvation, protein 
sparing is achieved by a metabolic adaptation to the production 
and use of ketones as a fuel. Intravenous infusions of amino 
acids or glucose produce a similar protein-sparing effect in the 
surgical patient of normal weight (Craig et al., 1977). A study 
was planned to examine the relationship of starvation ketosis 
to the response to surgical trauma. 

Thirty patients who were 15 per cent or more below their 
ideal weight and 10 patients of normal weight were studied 
immediately prior to surgery and before parenteral feeding. 
Venous blood was taken following an 8-h fast. 

Seven of the underweight patients died subsequently. 
Fasting ketone levels in these patients did not differ from 
those of normal controls but were significantly higher in the 
23 patients who survived. Serum insulin levels, amount of 
weight loss and skinfold thickness did not differ amongst the 
underweight patients but nitrogen excretion was significantly 
less in those who survived. 

These results suggest that there is a group of patients unable 
to adapt to starvation. This supports studies after traumatic 
injury (Wedge et al., 1976) which showed that not all patients 
were able to produce a protein-sparing ketonaemia. Further 
investigation is required to assess the value of producing a 
ketonaemia in underweight patients undergoing major surgery. 





Underweight 
Survived Died Controls 

Weight 

(55 ideal) 74:0 - 1-3 73-4448 100-0 +. 2-2 
Skinfold thickness 

(5; normal) 77-42-33 82-6 -- 3-9 10144-16 
Serum ketones 

(mmol/l) 0:26+0-05**  0-062-0-02**  0-05-- 0-02 
IRI (u/l) 4-1 =-0°5 5-4-- 9 33-03 
Urinary N, excretion 

(g/24 h) 5:30°5* 7.9--0-8* 42407 





Mean -- s.e. mean. *P<0-O1; **P<0-001. 
IRI, Immunoreactive insulin. 


CRAIG R. P., DAVIDSON H. A., TWEEDLE D. E. F, et al. (1977) 
Intravenous glucose, amino acids and fat in the post- 
operative period. Lancet 2, 8-11. 

WEDGE J. H., DE CAMPOS R., KERR A. et al. (1976) Branched-chain 
amino acids, nitrogen excretion. and injury in man. 
Clin. Sci. Mol. Med. 50, 393-399. 


43. The preoperative nutritional status of cardiac surgical 
patients 

R. K. WALESBY, A. W. GOODE, T. J. SPINKS and A. S. O. RANICAR 
(R. B. WELBOURN), Departments of Surgery and Medical 
Physics, Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


Pittman and Cohen (1963) have shown that patients requiring 
cardiac surgery are often malnourished, but there has been little 
assessment of the degree of depletion or its consequences. 
Total body potassium was measured before operation using 
a whole body monitor in 47 randomly selected patients requir- 
ing cardiac surgery. The potassium concentration in the fat- 
free mass measured using skinfold callipers was within the 
normal values obtained in 115 heaithy subjects and the 
potassium value was used as an index of body cell mass. Total 
body potassium for 'health' was calculated from three regression 
formulae, two using weight, height and age and one, height 
and age only. There was no significant difference (1— 2-04, 
P>0-2) between the values obtained from each formula. 
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Twenty-seven patients had measured values within the 
predicted values of not less than 5 per cent. There were no 
deaths and a mean hospital stay of 16 days (range 13-19). 
Twenty patients were between 6 per cent and 20 per cent below 
predicted values, 8 of whom died in the immediate post- 
operative period and the remaining 12 had a mean hospital 
stay of 29 days (range 16-59). This difference was highly 
significant (Fisher's exact P —0-001). 

Preoperative total body potassium measurements in non- 
acidotic cardiac surgical patients identified and quantitated 
the risk associated with nutritional depletion. 


PITTMAN J. A. and COHEN P. (1963) The pathogenesis of cardiac 
cachexia. N. Engl. J. Med. 271, 403-409. 


44. Protein depletion and recovery from surgical operation 
K. KAMMERLING, K. J. FOSTER and $. J. KARRAN, Department of 
Surgery, University of Southampton Medical School 


Protein depletion appears to be common in surgical practice - 
(Hill et al., 1977), but no previous study has fully examined the 
influence of preoperative protein depletion upon recovery 
from operation. 

Height, weight, arm muscle circumference (Jeliffe, 1966) 
and serum albumin were therefore measured and the patient's 
estimate of his weight loss noted before abdominal operation 
in 167 patients. 

As percentages of standard, weight correlated with arm 
muscle circumference (r-—0-74, P<0-001). The eighty-fifth 
percentile arm muscle circumference was approximately 1 
standard deviation below the mean and the 25 patients (15 per 
cent) thus delineated were regarded as depleted of muscle 
protein stores. 

None of the parameters predicted the likelihood of complica- 
tions after operation (e.g. chest infection, wound infection, 
fistula). Patients undergoing gastric, pancreatic or colonic 
surgery were most likely to have lost weight, to have protein 
depletion or to develop postoperative complications. In this 
high risk group, arm muscle circumference of less than 85 per 
cent was associated with the development of complications. 


Operative Wt AMC Wt loss 
group No, C «9097 <85% 210 kg 

Low risk 109 6** 11 11* Grr 

High risk 588 26** 13 13* 13** 
NC 32 6 4* 5 
WC 26 7 10* 8 


AMC, Arm muscle circumference; C, complications; NC, no 
complications; WC, with complications. 

* P—(-05, **P—0-01. 

Low risk, Cholecystectomy, appendicectomy, oophorectomy 
etc; high risk, gastric, pancreatic, colonic. 


In patients undergoing gastric, pancreatic or colonic surgery 
arm muscle circumference of less than 85 per cent predicted 
many patients who developed complications after surgery, but 
weight loss was not reliable. Protein depletion is an adverse 
feature in surgical patients. The number of depleted patients is 
small and the wider use of preoperative nutritional support 
should be considered. 


HILL G. L., BLACKETT R. L., PICKFORD 1, et al. (1977) Malnutrition 
in surgical patients. Lancet 1, 689-692. | 

JELIFFE D. B. (1966) The assessment of the nutritional status of 
the community. Geneva, WHO. (Monograph Series, No. 
53.) 


45. A randomized trial to compare brush cytology before or after 
biopsy in the diagnosis of gastric carcinoma 

M. R. B. KEIGHLEY, JANET MOORE and H. THOMPSON, General 
Hospital, Birmingham 


it is claimed that an experienced cytological service increases 
the accuracy of endoscopy in the diagnosis of gastric carcinoma 
(Weitzel et al., 1976). However, Smithies et al. (1975) have 
suggested that 1f gastric lesions are brushed before biopsy, 
subsequent histological examination may be difficult to inter- 
pret. We have therefore completed a randomized trial in 293 
patients with solitary gastric lesions attending for endoscopy 
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after barium meal examination. Numbered randomization 

cards indicated whether the lesion should be brushed ‘before’ 

cr 'after' biopsy. 

There were 2 false positive histological reports, but no false 
positive cytological findings. A final diagnosis of carcinoma 
based upon a 4-month endoscopic review was recorded in 91 
cases. The accuracy of final diagnosis was 97 per cent (3 false 
negative results) when histology and cytology were used and 
this was significantly better than the 80 per cent accuracy with 
histology alone (P<0-001) or the 86 per cent accuracy of 
cytology alone (P-0-001). When brushing was performed 
before biopsy, there were no false positive results and the 
diagnosis of carcinoma was never missed using both diagnostic 
methods. When brushing was performed after biopsy, there 
were 2 false positive biopsies and 3 cases of carcinoma were 
missed by both methods (5 errors). 

These results indicate that accurate detection of gastric 
cancer requires collection of both cytological and histological 
material at endoscopy and that brushing does not impair the 
accuracy of subsequent biopsy. 

SMITHIES A., LOVELL D., HISHORN S. et al. (1975) The value of 
brush cytology in the diagnosis of gastric cancer. Gut 
16, 395. 

WEITZEL L., HALTER F., GRETILLAT P. A. et al. (1976) Evaluation 
of specific value of endoscopic biopsies and brush cytology 
for malignancies of the oesophagus and stomach. Gut 
17, 375-377. 


46. The effect of hypovolaemia on colonic blood flow in the dog 
D. G. GILMOUR, A. R. AITKENHEAD, A. P. HOTHERSALL and 
I. MCA. LEDINGHAM, Department of Surgery, Western Infirmary, 
Glasgow 


Up to 69 per cent of large bowel anastomoses result in de- 
hiscence (Goligher et al., 1970). Blood flow to the bowel wall 
during and after operation may influence healing of anasto- 
moses (Schrock et al, 1973). This study was designed to 
investigate the haemodynamic effects of mild hypovolaemia 
on the dog colon. Colonic blood flow was measured in 
anaesthetized, ventilated Greyhounds by a clearance technique 
using ‘xenon injected intra-arterially. Simultaneous measure- 
ments of standard systemic haemodynamic parameters were 
made. Ten per cent of the estimated blood volume was removed 
over a 20-min period and then retransfused after 45 min. 
Hypovolaemia induced in this manner in 8 animals did not 
produce a significant fall in systemic arterial pressure but 
resulied in a 32 per cent reduction in colonic blood flow 
(P<0-005). Heart rate increased by 9 per cent (P<0-005), 
cardiac output fell by 27 per cent (P<0-0005) and central 
venous pressure also fell significantly. One hour after retrans- 
fusion, colonic blood flow was still 10 per cent less than before 
the bleed (P0005). If these effects occur in man, they 
emphasize the importance of preoperative resuscitation and 
the maintenance of blood volume during and after operation, 
particulary in high risk patients undergoing large bowel 
surgery. Systemic arterial pressure may be an inadequate 
index of the need for transfusion in these cases. 

GOLIGHER J. C., GRAHAM N. G. and DEDOMBAL F. T. (1970) 
Anastomotic dehiscence after anterior resection of 
rectum and sigmoid. Br. J. Surg. 57, 109-118. 

SCHROCK T. R., DEVENEZ C. W. and DUNPHY J. E. (1973) Factors 
contributing to leakage of colonic anastomoses. Ann. 
Surg. 117, 513—518. 


47. Cimetidine and experimental duodenal ulcers 
S. N. JOFFE, University Department of Surgery, Royal Infirmary, 
Glasgow 


Cimetidine, a potent inhibitor of basal and stimulated gastric 
acid secretion, is effective in healing duodenal ulcers in man. 
The effect of cimetidine on experimental duodenal ulcers is 
reported. 

One hour before the infusion of ulcerogenic secretagogues 
(Joffe et al.. 1977), cimetidine in doses varying from 1-25 x 
10? ug/kg (0-5 umol/kg) to 1-25 x 10* ug/kg was instilled via 
an orogastric tube. Further doses of cimetidine were given at 6, 
12 and 18 h after the infusion of gastric secretagogues. The dose 
of cimetidine used in this study inhibits stimulated gastric 


secretion (histamine, carbachol, pentagastrin) in conscious 
rats, dogs and cats (Parsons, 1977). 

Gastric secretagogues alone produce a 100 per cent incidence 
of duodenal ulceration. This ulceration was not prevented by 
cimetidine when either given as a single dose of between 
1:25 and 125 x 10? ug/kg or given in multiple doses at varying 
intervals. Gastric mucosal lesions developed, varying from 
inflammation to erosions. Acute oedematous and haemor- 
rhagic pancreatitis was observed in 48 per cent of the cimeti- 
dine-treated rats. 

These results suggest that cimetidine has no inhibitory effect 
on experimental duodenal ulcers in the rat and may predispose 
to hypersecretion-induced gastric lesions as well as causing 
acute pancreatitis. 


PARSONS H. E. (1977) In: Cimetidine: Proceedings of the 
Second International Symposium on Histamine H ,- Receptor 
Antagonists. Amsterdam, Excerpta Medica, pp. 13-19, 54- 
65, 87-97. 

JOFFE S. N., GASKIN R. J., BARROS D'SA A. A. J. et al. (1977) 
Secretagogue-produced duodenal ulcers in the rat. 
Br. J. Surg. 64, 218—220. 


48. The direction of xenon clearance from the antral mucosa of 
the stomach: implications for gastrin physiology 

R. M. LANGEORD, T. P. CORBISHLEY, A. T. ELLIOTT and R. C. G. 
RUSSELL, Departments of Surgical Studies and Nuclear Medicine, 
Middlesex Hospital Medical School, London 


Evidence has been presented in the rat that blood flows directly 
from the antrum to the body and fundus of the stomach (Taylor 
and Torrance, 1975). As this has implications for the inter- 
pretation of gastrin data, further studies have been undertaken 
in the rabbit (4), pig (6) and man (2). 

M3Xenon-saline was injected via a duodenotomy into the 
mucosa of the antrum 2 cm proximal to the pylorus. In 5 
studies the dispersal of radioactivity was measured by colli- 
mated, pen-recorder linked, Geiger-Müller tubes placed 
anteriorly over the stomach and in 7 studies (rabbit 2, pig 3, 
man 2), by a gamma-camera linked to computing facilities. 
Analysis was performed by comparison of time-activity curves 
for regions of interest in the stomach. 

With an intact vascular supply to the stomach 18 injections 
were performed, all demonstrating a predominant direction of 
flow to the body and fundus of the stomach, as well as the 
expected venous drainage. In the animal experiments, transec- 
tion of the submucosal plexus abolished this pattern of 
distribution. 

These studies show that blood from the antrum can pass 
directly to the body and fundus of the stomach. They provide 
circumstantial evidence that gastrin may act relatively undiluted 
on the parietal cells without recirculation. 


TAYLOR T. V. and TORRANCE B. (1975) Is there an antral-body 
portal system in the stomach? Gut 16, 781—784. 


49. An improved peroperative test of vagal section 
W. A. TANNER, P. J. BYRNE and T. P. J. HENNESSY, Department of 
Surgery, Sir Patrick Dun's Hospital, Dublin 


A reliable peroperative test of vagal section would reduce the 
incidence of recurrent ulceration after vagotomy. The Burge 
test (Burge and Frohn, 1969) is non-reproducible and un- 
quantifiable, and the Grassi (1971) test, although more 
accurate in localizing acid-secreting mucosa, is time-consuming 
and risks peritoneal contamination. We have designed an 
inexpensive, speedy, quantifiable and reproducible test based 
on Burge's stimulation principle. 

Electrical stimulation of the intact vagi on the abdominal 
oesophagus evokes a contraction response of the stomach 
which we have monitored using a Whitney (1949) strain gauge. 
In the absence of vagal fibres no response is evoked. We have 
quantified the response against that obtained following 
introduction of a known increment of air into the stomach. 

The initia! part of the study was performed on dogs to 
enable us to arrive at optimum settings for the electrical 
stimulus and to quantify false positive results. So far we have 
used this test clinically on 8 patients, and in each patient 
compared it simultaneously with the Burge test. An insulin 


test was then performed 6 weeks postoperatively, criteria for a 
‘positive’ test being those stated by its originator (Hollander, 
1948). 

There were no positive insulin tests, but 2 Burge tests 
showed false positive results. One strain gauge and one Burge 
test failed; the remaining strain gauge tests were negative. 


BURGE H. and FROHN M. J. N. (1969) The technique of bilateral 
selective vagotomy with the electrical stimulation test. 
Br. J. Surg. 56, 452—460. 

GRASSI G. (1971) A new test for complete nerve section during 
vagotomy. Br. J. Surg. 58, 187—189, 

HOLLANDER F. (1948) Laboratory procedures in the study of 
vagotomy (with particular reference to the insulin test). 
Gastroenterology 11, 419—425. 

WHITNEY R. J. (1949) Measurement of changes in human limb 
volume by means of mercury-in-rubber strain gauge. 
J. Physiol. 109, 5-6. 


S0. Treatment of recurrent duodenal ulcer after vagotomy with 
cimetidine 

C. WASTELL, G. P. MCGREGOR and J. HALE, Surgical Unit and 
Department of Gastroenterology, Westminster Hospital, London 


Six men and 2 women with recurrent duodenal ulcer (5 
following proximal gastric vagotomy and 1 after selective 
vagotomy and pyloroplasty) have been treated with cimetidine. 
Before treatment the ulcer was confirmed by endoscopy and 
suppression by cimetidine (100 mg/h) of gastric secretion 
stimulated by intravenous pentagastrin (0-6 ug kg^! h-!) 
was measured in 7 of the patients. For therapy cimetidine was 
given as tablets, 200 mg t.i.d. and 400 mg nocte for 6 weeks. 
Assessment by questionnaire was carried out before treatment 
and at 2-weekly intervals. A second endoscopy was carried out 
within 3 days of stopping the drug. 

In 4 patients the ulcers had healed and in 3 the ulcer, whilst 
not healed, was smaller. In 1 patient the ulcer was unaffected 
by treatment. The symptomatic state improved dramatically 
with the single exception of the male patient whose ulcer 
neither healed nor improved. The number of attacks of pain, 
and their severity, diminished both at night and during the 
day in all patients. 

The mean secretion to intravenous pentagastrin was 32-1 
(+149 mmol/h in men and 14-8 mmol/h in the 2 women) and 
this was reduced to 11-1 (+58, [P<0-05] mmol/h and 5:3 
mmol/h respectively). The suppression achieved in the patient 
who did not respond was from 24-0 mmol/h to 9-9 mmol/h. 

It is concluded that cimetidine improves the symptomatic 
state in those patients who have a recurrent duodenal ulcer 
after vagotomy and its use is associated with ulcer healing 
in 50 per cent of cases and an improvement in most of the 
remainder. 


S1. What is the significance of gastric fibrinolysis? 

T. O'BRIEN, HELEN HADLEY and M. H. IRVING, Department of 
Surgery, Hope Hospital, University of Manchester School of 
Medicine, Salford 


In 1967, Cox et al. demonstrated free plasmin in the blood 
draining from stomachs containing peptic ulcers. Subsequent 
studies showed that certain patients with gastrointestinal 
bleeding benefit from the administration of antifibrinolytic 
agents (Biggs et al, 1976). We have studied fibrinolytic 
activity in the gastric venous blood of patients with and 
without peptic ulcer disease, using an extensive range of tests 
of fibrinolytic activity. 

The fibrinolytic activity in the gastric venous blood of 15 
patients undergoing operations for peptic ulcer has been 
compared with that of 10 patients undergoing abdominal 
operations for other conditions (control group). The gastric 
blood was also compared with systemic venous blood taken 
simultaneously. In both control and peptic ulcer patients the 
fibrinolytic activity in the gastric venous blood was significantly 
greater than in the systemic sample. Additionally, free plasmin 
was detected in the gastric venous blood in 4 of the 10 control 
and 11 of the 15 peptic ulcer patients. Values for fibrinolytic 
activity in the gastric and systemic blood as measured by 
euglobulin clot lysis time (min) are shown in the Table. There 
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was no statistically significant difference in the fibrinolytic 
activity of gastric venous blood between peptic ulcer and 
control patients. 


Control Peptic ulcer 

(n —10) (n= 15) 
Preop. 190 :- 32 138-4133 
Gastric vein 48-5--15:3 $40 +. 10-8 
Systemic vein 106 +- 23-9 85-3495 
P «0-05 «0-05 
Free plasmin 4 11 
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The results confirm that the stomach is a potent source of 
fibrinolytic activity, but that this action is not confined to 
patients with peptic ulcer disease. We suggest that this gastric 
fibrinolytic potential may be activated by stress, potentiating 
the bleeding tendency in acute ulceration, and that there may 
be a place for antifibrinolytic agents in the management of 
these patients. 


BIGGS J. C., HUGH T. B. and DODDS A. J. (1976) Tranexamic acid 
and upper gastrointestinal haemorrhage. Gut 17, 729-734. 

COX H. T., POLLER L. and THOMPSON J. M. (1967) Gastric fibrino- 
lysis: a possible aetiological link with peptic ulcer. 
Lancet 1, 1300-1302. 


52. Lower oesophageal high pressure zone: variability in 
recordings of pressure and length 

J. CLARK, A. W. HALL, J. D. CANNON, B. FABRI and A. CUSCHIERI, 
Department of Surgery, University of Dundee 


Values of the pressure recorded from the lower oesophageal 
high pressure zone exhibit a wide scatter in populations with 
gastro-oesophageal reflux and in those without (Clark et al., 
1976b). This suggests that high pressure zone pressure is not 
the sole determinant of reflux prevention. Clark et al. (1975, 
1976a) reported a relationship between the intra-abdominal 
length of the high pressure zone and reflux status. 

The reproducibility of high pressure zone pressure, high 
pressure zone length and the proportion of high pressure zone 
length below the respiratory inversion point was studied in 
three subjects. Recordings, 150 from each individual, were 
obtained by standard perfused catheter station pullthrough 
manometry over a period of 8 weeks. The recordings were 
randomized and analysed blind. The coefficient of variation was 
calculated for each parameter in each subject. 


Case Mean s.d. C*( 54) 

HPZ pressure i 23-9 T9 3r5 
(mmHg) 2 23-4 9-1 38-6 

3 36:1 12:5 34-6 

HPZ length 1 38 0-9 22.5 
(cm) 2 3-9 0:7 17:3 

3 41 0-8 19-7 

Proportion of HPZ 1 64-0 11-0 17-2 
length below RIP 2 65-7 12-0 18:3 
(per cent) 3 578 13-0 22-4 





HPZ, High pressure zone; RIP, respiratory inversion point. 
*C, Coefficient of variation. 


In conclusion, this study has shown that measurement of 
high pressure zone pressure is more variable than measurement 
of the total length of the high pressure zone and measurement 
of the proportion below the respiratory inversion point. This 
study also suggests that lower oesophageal pressures should 
not be considered in isolation, but in relation to the length of 
the high pressure zone. 


CLARK J., DE MEESTER T. R., JOHNSON L. F. et al. (1975) Twenty- 
four hour lower esophageal pH monitoring and the lower 
esophageal sphincter. Surg. Forum 26, 362-363, 

CLARK J., DE MEESTER T. R. and SKINNER D. B. (1976a) Re- 
evaluation of the response of the lower oesophageal high 
pressure zone to abdominal compression. Br. J. Surg. 
63, 665. 
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CLARK J., MOOSSA A. R. and SKINNER D. B. (1976b) Pitfalls in the 
performance and interpretation of esophageal function 
tests. Surg. Clin. North Am. 56, 29-38. 


53. Immunosuppressive factors in plasma following repeated 
blood transfusions 

G. PROUD, B. K. SHENTON and R. M. R. TAYLOR, University 
Department of Surgery, Royal Victoria Infirmary, Newcastle 
upon Tyne 


Prolonged survival of renal allografts has been demonstrated 
in recipients who have previously received blood transfusions 
(Uidall et al., 1977). Raised levels of suppressive plasma protein 
have been demonstrated in patients maintaining kidney 
transplants (Riggio et al., 1969). This study was developed to 
investigate plasma immunosuppressive factors following blood 
transfusion. 

Five groups of patients were studied. The ability of a 
dilution of test plasma from each patient to inhibit a sensitized 
lymphocyte response to the sensitizing antigen is readily 
measured using the tanned sheep erythrocyte electrophoretic 
mobility test (Shenton et al., 1977). In calculating the dilution 
producing 50 per cent inhibition of the response, a semi- 
quantitative assay of the level of plasma suppressive factors is 
obtained. 

Significant differences in plasma  immunosuppressive 
factors were shown between normal subjects (A) and non- 
transfused renal patients (B) (P<0-0001) and between non- 
iransfused renal patients (B) and renal patients with one 
transfusion (C) (P=-0-0021). Multiple transfusions (groups 
D and E) produced very significant changes compared with 
the non-transfused groups A and B(P<0-0001). 


Mean 
concentration Mean 

Group Na. (x 10-5) dilution s.d. x 1073 
A 10 13-30 1/75 0-385 
B 12 8-40 1/119 1-39 

C 9 6:30 1/159 1-25 
D* 11 0-68 1/1470 0:22 

E* 10 0-85 1/1170 0-09 


*D, Renal failure and multiple transfusions; E, haemophiliacs 
having multiple transfusions. 


The assay technique is simple and reproducible and may 
allow better selection of patients for renal transplantation. 


RIGGIO R. R, SCHWARTZ G. H., BULL G. et al. (1969) Alpha-2- 
globulins in renal allograft rejection. Transplantation 8, 
689-694. 

SHENTON B. K., JENSSEN H. L., WERNER H. et al. (1977) A com- 
parison of the kinetics of the macrophage electrophoretic 
mobility (MEM) and the tanned sheep erythrocyte 
electrophoretic mobility (TEEM) tests. J. Immunol. 
Methods 14, 123—139, 

ULDALL P. R., WILKINSON R., DEWAR P. J. et al. (1977) Factors 
affecting the outcome of cadaver renal transplantation in 
Newcastle upon Tyne. Lancet 2, 316-319. 


54. Role of embryonic chicken pancreas in the suppression of 
the diabetic state in the rat 

R. ELOY, M. KEDINGER, K. HAFFEN and J. GRENIER, Surgical 
Research Unit, Unite 61 de 'INSERM, Strasbourg, France 


As endocrine pancreatic islets are more susceptible to rejection 
than skin or organ allografts, the use of embryonic tissue has 
been proposed to reduce this immune reaction. Moreover, the 
difficulties in obtaining from mammals a sufficient amount of 
endocrine tissue, led us to investigate xenogenic fetal endocrine 
pancreatic transplantation. 

The splenic branch of the pancreas of 70-80 embryo 
chickens at late developmental states (15-18 days) was 
implanted directly into the anterior lobe of the liver in 
diabetic rats (streptozotocin 65 mg/kg, 21 days before). This 
splenic branch is composed almost solely of endocrine tissue. 
No immunosuppressive therapy was administered. The 
period required for reversal of the diabetic state was 7-20 days 
in 75 per cent of the grafted animals. 





In order to demonstrate that the pancreatic insulin secretion 
of the recipients was suppressed, glucose tolerance tests were 
performed 6 months after the transplantation by perfusion of 
the isolated pancreas of these animals. No insulin output, even 
after a high glucose challenge (0-5 g/kg) was noted as com- 
pared with pancreatic perfusion of non-diabetic animals 
(12:8-- 8 mU/10 min v. 776-6 + 15-6 mU/10 min). A spontaneous 
regression of the diabetic state was therefore excluded. 


Before 
trans- 
plant 8d isd 30d 60d 150d 
Non-fasting 
glycaemia 
(g 54 482 250 2:75  À 220 1-60 1-88 
X025 +029 +016 +022 +016 -028 
Urine glucose 
(g 5, 56:1 1728 262 0-1 0 0 
EP +113 -+109 
Urine volume 
(ml/24 h) 90 212 285 17-8 «IS «15 





Tests were made on a group of 13 animals in each case. 


The present results suggest that (a) chicken embryonic 
pancreatic tissue is effective at the fifteenth embryonic day in 
reversing the diabetic state in rats; (5) the pancreatic tissue of 
18-day-old embrvos was never efficient; (c) the absence of 
rejection during at least 5-6 months reflects an enhancement 
of this embryonic xenotransplant. 


55. Observations on the Iymphocyte and plasma changes shown 
during rejection of the rat heterotopic cardiac allograft 

G. PROUD, B. K. SHENTON and R. M. R. TAYLOR, Department of 
Surgery, Royal Victoria Infirmary, Newcastle upon Tyne 


Heterotopic cardiac allografts were performed across a major 
histocompatibility barrier in untreated rats (PVG/C-AgBS5 to 
WAG-AgB2) and changes in the recipient lymphocytes and 
plasma were studied. Rejection occurred in 7:3 days (s.d. + 
0-47 days). 

Increasing lymphocyte sensitization was demonstrated to 
donor heart and to native heart, liver, lung and kidney frem 
the second day using tanned red cell electrophoresis (Shenton 
et al., 1977). The mixed lymphocyte reaction rose at the same 
time, though there was no reaction with native lymphocytes. 
During the initial 3-day period, a marked rise in plasma 
immunosuppressive factors was demonstrated. The mixed 
lymphocyte reaction was depressed for 3 days after a sham 
operation. 

Lymphocytes from the recipient rat were obtained on the 
third and seventh days after transplantation and passed 
through a Biogel P2 column containing donor heart cell wall; 
81:4 per cent of cells passed through on day 3 and 43-2 per cent 
on day 7. Only the mixed lymphocyte reaction remained in the 
cellular eluate, the other reactions having been eliminated. 

It may be concluded that (a) there is sharing of antigen 
between different organs and strains and (5) there are at least 
two lymphocyte populations involved: one recognizes foreign 
lymphocytes (the mixed lymphocyte reaction) and the other 
recognizes antigens on organ cell surfaces. 


SHENTON RB. K., JENSSEN H. L., WERNER H. et al. (1977) A com- 
parison of the kinetics of the macrophage electrophoretic 
mobility (MEM ) and the tanned sheep erythrocyte electro- 
phoretic mobility (TEEM) tests. J. Immunol. Methods 14, 
123-139. 


56. Effectsof surgery and Corynebacterium parvum onexperi- 
mental tumour metastases 

J, G. MOSLEY, TESSA E. SADLER and J. E. CASTRO, Royal Post- 
graduate Medical School, Hammersmith Hospital, London 


Tumour growth is enhanced by operation, and this may be due 
to depressed immunity (Saba and Antikatzides, 1976). The 
aim of the present study was to determine the results of 
operation (amputation) on the growth of a murine tumour and 


its metastases and to observe the effects of Corynebacterium 
parvum (an immunopotentiator) (Castro, 1974) and cortico- 
steroids (immunodepressants) (Claman, 1972), in this experi- 
mental system. 

Lewis lung carcinoma was implanted subcutaneously into 
the flank of female C57-B1 mice. Seven days later these mice 
were anaesthetized with ether and a hind limb amputated. 
Anaesthesia alone had no effect on primary tumour growth or 
on metastases. Amputation had no action on the primary 
tumour but significantly increased metastases. 

C. parvum was given either 2 days before or after, or at the 
same time as, amputation. It depressed both primary tumour 
growth and metastases in all the experimental groups. Large 
doses of exogenous cortisone, but not small ones, increased 
metastases. In adrenalectomized mice the number of metastases 
was significantly reduced, and in these animals amputation did 
not alter this number. These treatments had little effect on 
primary tumour growth. 

In conclusion, non-specific operation increases tumour 
metastases, probably because of stress, and C. parvum counter- 
acts these changes. 


CASTRO J. E. (1974) The effect of Corynebacterium parvum on the 
structure and function of the lymphoid system in mice. 
Eur. J. Cancer 10, 115—120. 

CLAMAN H. N. (1972) Corticosteroids and lymphoid cells. 
N. Engl. J. Med. 287, 388—397. 

SABA T. M. and ANTIKATZIDES T. G. (1976) Decreased resistance 
to intravenous tumour cell challenge during reticulo- 
endothelial depression following surgery. Br. J. Cancer 
34, 381—389, 


57. Colonic cancer in dimethylhydrazine-treated rats is enhanced 
by immunotherapy with Corynebacterium parvum 

J. P. CRUSE, M. R. LEWIN, L. A. VARNAVIDES and C. G. CLARK, 
Surgical Unit, University College Hospital Medical School, 
London 


Corynebacterium parvum is being used as adjuvant immuno- 
therapy following surgery for colorectal cancer in humans 
(Macdonald, 1976), but to date there are no reports of its use 
in the dimethyIhydrazine (DMH) model, which closely parallels 
the human disease. 

Forty female Wistar rats of 150 g were allocated into four 
groups of 10 and injected according to the regimen set out in 
the Table. Animals were fed a standard diet and water ad 
libitum, weighed weekly and inspected daily for signs of 
rectal bleeding or altered bowel habit, and, when present, they 
were isolated until moribund. When deemed ‘terminal’ by 
objective but humane criteria, they were painlessly killed and 
full post-mortems, including histology, performed. The 
results are summarized in the Table. 


^5 mortality 25 with 
Group Treatment* at 33 wk metastases 
A DMH 20 0 
B DMH plus C. parvum 70 57 
C C. parvum (control) 0 — 
D Saline (control) 0 — 


Dosages as follows: DMH, 20 mg/kg body weight/week 
subcutaneously for 20 weeks; C. parcum, 3-5 mg intraperi- 
toneally at 3-weckly intervals during weeks 13-22 (i.e. on 4 
occasions); saline, 1 ml/kg body weight/week for 20 weeks. 


Whereas all control animals are still alive at 33 weeks, it is 
evident that animals treated with DMH plus C. parvum (group 
B) show a greatly increased mortality compared with animals 
given DMH alone (group A). At post-mortem, all DMH- 
treated animals had tumours, but the C. partum-treated group 
(B) showed greater numbers of colonic tumours and a greater 
incidence of metastases than group A. The results of this small 
pilot study indicate that C. parrum enhances DMH-induced 
colonic cancer in rats, and suggest the need for caution in the 
human trials. 


MACDONALD J. $. (1976) The immunobiology of colorectal 
cancer. Sem. Oncol. 3, 421—431. 
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58. The enhancement of radiotherapy and chemotherapy on a 
murine tumour using the prostaglandin synthetase inbibitor 
flurbiprofen 

D. J. LEAPER, A. BENNETT, ERIKA M. CHARLIER and I. F. STAMFORD, 
Department of Surgery, King's College Hospital Medical 
School, London 


Prostaglandins seem to be involved in the growth and spread of 
some animal tumours and human breast cancer (Bennett et al., 
1975, 1977). 

Albino mice (WHT/Ht strain) were injected subcutaneously 
with 10* cells of a tumour single cell suspension (spontaneous 
WHT murine NC carcinoma) into the right flank. Groups of 
mice were given one, two or three of the following treatments: 
chemotherapy (melphalan 0-15 mg/kg days 30-32 and 37-39 
after tumour injection, methotrexate 0-20 mg/kg days 30, 37); 
local radiotherapy (500 rad days 30, 37); and the prostaglandin 
synthetase inhibitor flurbiprofen (S mg/kg daily in raspberry 
syrup day 25 onwards). The tumours were excised after 6 weeks, 
weighed, homogenized in Krebs solution and extracted for 
prostaglandins. 

The mean tumour prostaglandin content of all groups given 
flurbiprofen (rat stomach strip bioassay) was 60+ 16 (s.e. mean) 
to 74:30 ng PGE, equivalents/g compared with 125+ 19 ng/g 
in controls (P —0-02). Tumour weights were similar to controls 
(0.99 -0-19 g) except in mice receiving combined chemo- 
therapy, radiotherapy and flurbiprofen (mean tumour weight 
0-29 .-0-05 g; P 0-01). 

Flurbiprofen apparently enhances the effect of chemotherapy 
and radiotherapy on tumour growth. Drugs which inhibit 
prostaglandin synthesis might therefore improve anti-cancer 
therapy in man, by either increasing the effect or enabling 
lower doses of anti-cancer therapy to be used. 


BENNETT A., CHARLIER E. M., MCDONALD A. M. et al. (1977) 
Prostaglandins and breast cancer. Lancet 2, 624-626. 
BENNETT A., MCDONALD A. M., SIMPSON J. S. et al. (1975) Breast 
cancer, prostaglandins and bone metastases. Lancet 1, 
1218-1220. 


S9. Agents promoting carcinogenesis in dimethylhydrazine- 
initiated colonic cancer in rats 

M. R. LEWIN, J. P. CRUSE, C. F. NGUI and C. G. CLARK, Surgical 
Unit, University College Hospital Medical School, London 


Cholestyramine, aluminium hydroxide gel BP (Aludrox) and 
cholic acid are agents known to alter bile salt metabolism. The 
effect of these agents on carcinogenesis in the dimethyl- 
hydrazine (DMH»)-initiated rat colonic cancer model has been 
studied in 50 rats. Four groups of 10 were given 20 weekly 
subcutaneous injections of DMH (20 mg/kg body weight) and a 
control group of 10 were given saline. Three groups of 10DMH- 
treated rats were additionally given 20 weekly gastric instilla- 
tions of cholestyramine, Aludrox and cholic acid at doses of 
200, 22 and 20 mg/kg body weight respectively. All animals 
were fed a standard diet and water ad libitum. Each rat was 
weighed weekly and monitored daily for blood and altered 
bowel habit and when present, it was isolated until moribund. 
When deemed ‘terminal’ by objective but humane criteria the 
rats were painlessly killed and a full autopsy performed. The 
results are summarized in the Table. 


^5 mortality 


Group Treatment at 32 wk 
1 Saline control 0 
2 DMH 20 
3 DMH--cholestyramine 22 
4 DMH -+ Aludrox 60 
5 DMH +cholic acid 56 


Mortality was increased in all groups when compared with 
the saline controls. There was a greater increase in mortality 
when the Aludrox and cholate groups were compared with 
the DMH group but no difference between the cholestyramine 
and DMH group. Aludrox and cholic acid thus appear to act 
as promoters of carcinogenesis in DMH-initiated colonic 
cancers, 
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60. Regional lymph node phagocytic activity inhibition by mouse 
and human mammary carcinoma 

J. G, MOSLEY, T. C. AGWUNOBI, D. SHAMA and J. L. BOAK, 
Department of Surgery, Royal Postgraduate Medical School, 
London 


The uptake of technetium-labelled antimony sulphur colloid 
(°TcMASC) by regional lymph nodes draining murine and 
human carcinomas is inhibited (Agwunobi and Boak, 1977a, b). 
Further experiments have now conclusively demonstrated that 
the depressed *°TcASC uptake is due to an inhibition of 
medullary macrophage activity and not due to mechanical 
]ymphatic blockage or activation of the C; component of the 
complement system. 

Using similar experimental designs to those previously 
reported (Agwunobi and Boak, 1977b), autoradiographic 
studies were performed on mice bearing mammary carcinoma 
in one footpad. The label was localized mainly to the surface 
and cytoplasm of regional lymph node medullary macrophages. 

125}Jabelled albumin injected in place of **Tc™ASC 
demonstrated normal lymph flow from the injection sites 
through ipsilateral and contralateral draining regional lymph 
nodes. Jn vitro complement utilization studies demonstrated 
that **Tc*SASC does not activate complement and is therefore 
not responsible for inhibition of macrophage activity. 

Studies on symptomatic breast patients have continued and 
42 cancers have been detected in 150 patients. There have been 
only 3 equivocal and 2 false negative phagocytic activity tests. 
All other 28 breast cancer patients demonstrated marked 
depression of **Tc'ASC regional lymph node uptake on the 
side of the lesion. 


AGWUNOBI T. C. and ROAK J. L. (19772) A lymphoscintigraphic 
study of benign and malignant breast disease. Br. J. Surg. 
64, 822. 

AGWUNOBI T. C. and BOAK J. L. (1977b) Technetium-labelled 
sulphur colloid uptake by lymph nodes draining tumour- 
bearing areas. Br. J. Surg. 64, 838. 


61. The use of an obiective structured clinical examination in a 
final undergraduate examination in surgery 

A. CUSCHIERI, R. A. B. WOOD, F. GLEESON and R. MCG. HARDEN, 
Department of Surgery and Centre for Medical Education, 
Ninewells Hospital and Medical School, Dundee 


The traditional clinical examination has many disadvantages 
(Stokes, 1974). In an attempt to overcome these, an objective 
structured clinical examination (OSCE) has been developed 
(Harden et al., 1975). 

All students sitting the surgical final examination in Dundee 
in June 1977 had in the morning an OSCE and in the afternoon 
a traditional ‘long case’. The OSCE consisted of 20 stations 
designed to test objectively the various parameters of clinical 
competence: ability to take a history, examine a patient, 
interpret physical findings and laboratory investigations and 
factual knowledge (MCQs). 

No major problems arose in the use of the examination. The 
main advantages as perceived by the students were the wider 
range of knowledge tested, the standardization of the examina- 
tion so that all students have a comparable test, the elimination 
of examiner bias and the opportunities for feedback to students 
about their performance. 

Advantages perceived by the examiners were the wide 
spectrum covered, the emphasis on history-taking ability, 
inclusion of minor specialties and laboratory investigations, 
efficient use of examiners' time and completion of the examina- 
tion in one day. 

An item analysis was able to identify areas where the student 
lacked competence. Factor analysis suggested that the history 
and physical examination stations of the OSCE were measuring 
different abilities from those tested by the MCQs. Students’ 
Scores in the 6 clinical in-course assessments strongly related 
to the physical examination component of the OSCE. Scores in 
the 'long case' strongly related to the scores in the history- 
taking component of the OSCE. 


HARDEN R. MCG., STEVENSON M., WILSON DOWNIE W. et al. (1975) 


Assessment of clinical competence using objective 
structured examinations. Br. J. Med. 1, 447-451. 


STOKES 3. (1974) The Clinical Examination: Assessment of 
Clinical Skills. ASME Education Booklet No. 2. 


62. Comparison of jet and needle injection of subcutaneous low 
dose heparin in the prevention of postoperative deep vein 
thrombosis 

J BLACK, C. J. NAGLE and C. J. L. STRACHAN, Department of 
Surgery, Queen Elizabeth Hospital, Birmingham 


Problems associated with subcutaneous heparin include pain 
at the site of injection, risk of bleeding with inaccurate dosage 
and expenditure of nursing time. Preliminary studies using a 
hand-held CO,-powered jet injector have shown high patient 
acceptability, accurate dosage and reduction of nursing time 
to one-third of that with standard methods. 

To date 60 patients over 40 years old undergoing major 
abdominal surgery have completed a 100-patient prospective 
randomized trial comparing jet with needle injection. They 
received 5000 units of sodium heparin preoperatively and 
thereafter 5000 units 8-hourly for at least 5 days, either by jet 
injection or by standard needle and syringe. 

In 40 patients serum heparin levels (anti-Xa assay) were 
measured at the start of surgery and randomly postoperatively. 
DVT was diagnosed by the I-fibrinogen test using auto- 
logous fibrinogen. 





Needle Jet 
No. of patients 30 30 
Mean age (yr) 56:2 59-5 
Wound haematoma l 1 
Mean operative serum heparin 
(units/ml) 0-068 0-069 
DVT | 2 





Jet injection of prophylactic low dose heparin overcomes 
several disadvantages of standard methods. These data 
suggest that it may be equally effective. 


63. Prognostic index from pre- and intraoperative parameters 
after heart valve replacement 

K. HOLPER, H. MEISNER, J. RICHTER, R. KUNKEL and F. SEBENING, 
Clinic for Cardiovascular Surgery, German Heart Centre, 
Munich 


The individual operative risk of heart valve replacement is 
difficult to determine because of the varying validity of the 
influencing parameters. We therefore tried to quantify numeri- 
cally (1) the preoperativestatusand (2) theintraoperativetrauma 
in an effort to relate these factors to the postoperative fate. In 
152 patients 21 parameters were studied to assess these 
variables. 

1. Duration of history and complaints, number and degree 
of diseased valves, cardiac index, heart and liver size, serum 
creatinine, pulmonary, left atrial and ventricular and diastolic 
pressures. 

2. Duration of operation and extracorporeal circulation 
(ECC), ECC flow, pressure and urine volume, aortic clamping 
time, postoperative mean arterial and left atrial pressures and 
the numbers of units of blood expressed according to the 
numerical system. 

The postoperative course was classified on the basis of kidney 
function tests and mortality. 

The sum of pre- and intraoperative accumulated points 
correlated well with the degree of severity of the postoperative 
course. Patients who did not survive (a) aortic, (5) mitral and 
(c) double valve replacement showed (a) 47 per cent, (5) 108 per 
cent and (c) 31 per cent respectively, a higher and significantly 
different sum of points compared with patients with an 
uncomplicated course following surgery. Patients who died 
from acute events were excluded. 

Based on this svstem the sum of calculated preoperative and 
anticipated intraoperative points allows a numerical prognosis 
concerning the postoperative course and the probability of 
death. High risk patients can be more exactly identified before 
or at the end of operation to institute more intensive medical 
therapy, early haemodialysis or transient extracorporeal 
assistance prior to the onset of clinical signs of insufficiency. 


64. The effect of bromocriptine on symptoms and prolactin levels 
in benign breast disease 

R. E. MANSEL and L. E, HUGHES, University Department of 
Surgery, Welsh National School of Medicine 


Serum prolactin levels have recently been shown to be elevated 
in benign breast disease (England, 1975). We have therefore 
examined the effect of administering the prolactin inhibitor 
bromocriptine. In a controlled trial in 27 women with painful 
benign breast disease 5 mg bromocriptine were given daily. 
A double-blind single crossover placebo format was used over 
6 cycles and assessment was by a self-administered symptom 
scale, together with estimation of prolactin levels. 

The results show that bromocriptine significantly improves 
the scores for breast tenderness in the late cycle when compared 
with placebo scores and this improvement is associated with a 
fall in prolactin levels. Bromocriptine also improves nadularity 
but to a lesser degree. Mean pre-trial prolactin levels (220 mu/l) 
were unaffected by placebo administration but in the patients 
who received bromocriptine first, there was a large rebound 
effect lasting several months when they crossed over to the 
placebo phase (Tabie), In one patient this rebound was 
detectable clinically by the sudden onset of galactorrhoea. 

It is concluded that bromocriptine is effective in relieving 
breast tenderness and reducing serum prolactin levels, but a 
rebound effect occurs on stopping the drug. 


Placebo Ist 


2142-62 
226 4-62 


Placebo 2nd 


735 + 167 
474-- 82 


Early cycle 
Late cycle 





Mean s.e. mean in mujl. 


ENGLAND P. C. (1975) Hormone profiles in breast disease. 
MD Thesis, University of Manchester. 


68. A clinical trial to compare manual dilatation of the anus and 
lateral subcutaneous sphincterotomy for anal fissure 

M. R. B. KEIGHLEY, Y. ARABI, D. GATEHOUSE, A. KAPPAS and 
J. ALEXANDER-WILLIAMS, General Hospital, Birmingham 


Anal fissures are associated with increased activity of the 
internal anal sphincter (Eisenhammer, 1953). Manual dilatation 
gives good symptomatic relief but requires a general anaes- 
thetic. Sphincterotomy is an alternative technique, having the 
advantage that it may be performed under local anaesthesia 
(Notaras, 1971). 

A prospective randomized trial has compared manual 
dilatation (46 patients) with sphincterotomy (47 patients) in 
93 consecutive patients with anal fissure. Anal pressures have 
been measured (Hancock, 1976) before and 4 months after 
treatment. The incidence of complications, time off work and 
a 4-month symptomatic assessment were also recorded. 

Complications of pain or bleeding occurred in 2 patients 
following sphincterotomy compared with 8 after manual 
dilatation. Within 3 days of sphincterotomy 92 per cent returned 
to work compared with only 40 per cent after manual dilatation 
(P 0-05). At 4 months, 2 patients in each group had recurrent 
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fissures; however, 4 other patients after sphincterotomy still 
had anal pain but no demonstrable fissure. All other patients 
were improved by the procedures. More patients were entirely 
symptom-free after manual dilatation (79 per cent) than after 
sphincterotomy (49 per cent). Compared with the preoperative 
pressures, there was a significant reduction at 4 months in 
both groups (P « 0-05) but the percentage reduction was greater 
after manual dilatation (33 per cent) than after sphincterotomy 
(15 per cent). 

These results indicate that sphincterotomy has less morbidity 
and potential economic advantages over manual dilatation 
but the long term results of manual dilatation are slightly 
better than those of sphincterotomy. 


EISENHAMMER S. (1953) The internal anal sphincter. Its surgical 
importance. S. Afr. Med. J. 27, 266-269. 

HANCOCK B. D. (1976) Measurement of anal pressure and 
motility. Gut 17, 645-651. 

NOTARAS M. J. (1971) The treatment of anal fissure by lateral 
subcutaneous internal sphincterotomy. A technique and 
results. Br. J. Surg. 58, 96-100. 


66. The effect of dietary fibre on left colonic function 

A. J. M. BRODRIBB, R. CONDON, V. COWLES and 3. J. DE COSSE 
(P. J. MORRIS), V. A. Wood, Wisconsin, and the Radcliffe 
Infirmary, Oxford 


Previous studies have suggested that dietary fibre intake was 
important in the aetiology and treatment of diverticular disease 
(Brodribb and Humphreys, 1976). 

The present study was designed to record the effect of 
different levels of fibre intake on the electrical (EA), mechanical 
(MA) and intraluminal pressure (IP) activity of the left colon. 
Six stump-tailed monkeys were used, as they were considered 
an animal model with a comparable anatomy and diet to man. 

Bipolar electrodes and miniature strain gauges were im- 
planted transversely on the serosal surface of the colon. 
Intraluminal pressure was simultaneously recorded by a water- 
filled catheter introduced through a Thomas cannula. Using a 
combination of Allbran and a no-fibre diet, each monkey was 
fed 5 diets, containing 0g, 5g, 10g, 15 g and 20 g dietary 
fibre daily. Recordings were made twice during the third 
week on each diet. They were started 1 h before the daily feed 
and continued for 4 h. EA was analysed as a percentage of time 
showing electrical activity per 30-min period, MA as the 
number of contractions causing a deflection of 5 mm or more 
and IP as a motility index for each 30-min period. 

No significant differences were found in either the EA or 
MA of the bowel with changes in fibre intake. IP increased as 
fibre intake decreased, with mean values on a low-fibre diet 
more than twice those on a high-fibre diet (P «0-01, Student's 
t test). 

It is concluded that the differences in intraluminal pressure 
produced by changes in fibre intake were not due to altered 
smooth muscle activity but to the nature and volume of the 
faecal contents. 


BRODRIBB A. J. M. and HUMPHREYS D. M. (1976) Diverticular 
disease: three studies. Br. Med. J. 1, 424-430. 
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Correspondence 


Implications of scrotal interference 

Sir, 

While agreeing wholeheartedly with Thomas et al. in their 
article (Br. J. Surg. 64, 352-354) on the severe effects on 
patients of exploring the scrotum through anything other than 
an inguinal incision, I feel they have been remiss on two 
counts. 

First, it is not essential to irradiate the groin and scrotum in 
patients who have testicular tumours removed improperly. 
Such explorations are not uncommon in the milieu of general 
practitioner surgery which exists in some areas of Australia. 
Indeed, a scrotal orchidegtomy is not unknown in some 
patients referred to us from fully trained surgeons. In order 
to keep the radiation doses to the surviving testicle as low as 
possible it is normal practice to refer these cases back for 
hemiscrotectomy and removal of the spermatic cord to the 
internal inguinal ring before proceeding to radiotherapy. This 
not only achieves the primary objective—although in one case 
the surgeon waited until after full radiation had been given 
to the groin and scrotum and operated, somewhat unnecessarily, 
during the reaction period—-but provides additional informa- 
tion which we use for staging on the state of the cord and just 
as importantly drives home the lesson that the inguinal 
approach is the correct one. 

Second, the authors should really have followed their 
patients a little longer before bursting into print. In their 
Table IV the maximum interval after treatment is given as 
15 months. A somewhat larger series, published in 1966 
(Sandeman, 1966), demonstrated that the nadir of the sperm 
count was at approximately 12 months but that recovery 
could take place after 18 months. Further, and of greater 
practical importance, the total sperm count bore little relation 
to the actual proved fertility of these patients, several of whom 


Book reviews 


Joint Replacement in the Upper Limb 

MEP Conference, April 1977. 295 x 210 mm. Pp. 135. Illustrated. 
1977. Bury St Edmunds: Mechanical Engineering Publications. 
£25-00. 


Tus publication consists of the proceedings of a conference 
sponsored jointly by the Medical Engineering section of the 
Institute of Mechanical Engineers and the British Orthopaedic 
Association, held in London in April 1977. All those papers 
which had been submitted for publication prior to the con- 
ference are included. 

The modern era of joint replacement was pioneered by 
Great Britain; it is therefore appropriate that this symposium 
should have been initiated here. It may fairly be said that the 
difficulties of prosthetic replacement of the hip joint are now 
almost solved, replacement of the knee joint is on the way to 
solution, but the prosthetic replacement of the joints of the 
upper limb still presents enigmatic problems. 

The volume consists of twenty-one papers dealing with 
replacement of the shoulder, elbow and finger joints. The 
variety of the developments reported in these papers is a 
reflection of the many problems which still exist. The report is 
packed with extremely useful information, and represents an 
important landmark in the evolution of joint replacement of 
the upper limb. It should become required reading for surgeons 
and biomedical engineers. 

LIPMAN KESSEL 


fathered children when their sperm could be counted in 
thousands rather than millions. 
I fear the literature search performed was a little perfunctory. 


T. F. SANDEMAN 
Consultant Radiotherapist 
Peter MacCallum Clinic 
481 Lt. Lonsdale Street 
Melbourne 
SANDEMAN T. (1966) Br. J. Radiol. 39, 901-907. 


Sir, 

We are grateful to Dr Sandeman for drawing attention to his 
paper. We agree that hemiscrotectomy with removal of the 
spermatic cord to the internal ring is an alternative to scrotal 
irradiation in patients who have had scrotal interference 
with testicular tumours. However, when dealing with possible 
tumour remnants that are invisible to the naked eye, we prefer 
to rely on radiotherapy rather than surgery in most cases. 
However, in young men who are anxious to preserve their 
fertility, we do agree that hemiscrotectomy has a place, and 
we have done this operation on a number of occasions. 

l am sure that we should not fall out with Dr Sandeman 
over the exact interval after treatment during which some 
recovery of sperm count can occur, since we are obviously 
both in agreement that, if the initial surgery for the testicular 
tumour is done correctly, preservation of fertility is not a 
problem in the majority of patients. 

P. R. M. THOMAS 
W. F. HENDRY 
M. J. PECKHAM 
Institute of Cancer Research 
Royal Marsden Hospital 
Surrey 


System of Orthopaedics and Fractures 
Graham Apley. Fifth edition. 243: 190 mm. Pp. 477-4 x. 
Hlustrated. 1977. London: Butterworths. Cased £15:95. 


Tuis being the fifth edition in over 17 years must surely indicate 
that this textbook is now firmly established as a most worth- 
while learning compendium. It has been enlarged physically 
as well as by new content and, of course, the carefully selected 
illustrations—both diagrams and radiographs—-are first rate. 

The author and his publishers are to be congratulated on the 
new balance and structure of their textbook. However, in such 
a fine book there are, albeit few in number, some surprisingly 
lightweight statements. These appear to be the remains of the 
original lecture notes which made up the first edition. As only 
one example, in the description of idiopathic scoliosis it is 
noted ‘Mental defect is distinctly commoner than in the rest of 
the population'. This is, of course, untrue. 

The reviewer does not wish to detract from the overall 
excellence of this book and indeed knows only too well from 
his own personal experience how difficult it is to eradicate 
this sort of statement in a long-established textbook. However, 
present day students have so many facts to acquire and 
retain that authors can prevent a little of the overloading 
phenomenon by maintaining a strict text. 

This new edition is a great credit to Graham Apley and to 
his outstanding reputation as a teacher. 

R. B. DUTHIE 
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INTRALIPID* 10% 
INTRALIPID* 20% 


Presentation 

A milky-white oil in water emulsion 
Intralipid contains fractionated soya 
oil 1096 or 2095 emulsified with fracti 
egg lecithin at pH 7. It also contains 
glycerol 


Indications: Intralipid fat emulsions a 
indicated in conditions of severe dep 
requiring also a high energy intake ti 
compensate for excessive loss of ca 
following trauma, infection, fever, bu 


Dosage and Administration 
500-1,500ml. daily in conjunction wit 
intravenous amino-acids are adminis 
slow intravenous infusion. 


Infant dosage: Intralipid 10% or 20% 
15-20ml. per kg. body weight in 24 h 


Contra-indications 
Intralipid is contra-indicated in patha! 
hyperlipaemia and severe liver dama 


Pharmaceutical Precautions 
No drugs should be added to Intralip 
to or during infusion 


Package Quantities 
Intralipid 10%: 100ml. and 500m! 
Intralipid 20%: 100ml. and 500ml. 


NHS Price: 
£2.75, £6.50 
£3.95, £9.55 


Intralipid 10% Product Licence 002 
Intralipid 20% Product Licence 002 
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Nitrogen per litre: 9.4g. correspondin 
about 60g. of first-class protein. Caloi 
content per litre: 650 Kcal., of which : 
are provided by glucose. 


Uses 

Vamin Glucose is indicated in conditic 
protein depletion where oral or intrag 
feeding is impossible or impracticable 


Dosage and Administration 
Depending on the individual protein ri 
ment, 0.5-2.0 litres intravenously per 


Infant dosage: 30-40ml. per kg. body 
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Side effects: As with all hypertonic inf 
solutions, thrombophlebitis may occu 
peripheral veins are used. 


Package Quantities 
Bottles of 100ml., 500ml. and 1,000m 


NHS price: 
£2.50, £6.75, £12.50 
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Hemoclips are uniquely shaped to give really reliable three-stage closure 
action. Firstly, they are easy to position. Secondly, they close first at the tip, 
ensuring that the vessel will not slip out during compression. 

And thirdly, the jaws are cross serrated for extra grip to give positive and 
complete occlusion. 

Four different clip sizes, sterile, are available to meet all operative 
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of applying forceps. 
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Keep up to date with books 
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The Hand —diagnosis and indications 
Graham Lister 
1977 236 ages over 400 illustrations cased £13.00 


‘The reader can expect much of this concisely and lucidly written, well-illustrated volume... should be 
required reading for all who manage hand injuries.’ Journal of American Medical Association 





Malignant Melanoma of the Skin and Mucous Membrane 
G. W., Milton with chapters by V. J. McGovern and Martin G. Lewis 
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Bernard McC. O'Brien 


1977 370pages illustrated cased £15.00 
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Recent Advances in Surgery —9 
Edited by Selwyn Taylor 
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cefuroxime sodium 


Zinacef is a new, broad spectrum beta-lactam antibiotic with 
greatly enhanced stability to bacterial beta-lactamases. 

This stability gives Zinacef a broader spectrum than the vast 

majority of established antibiotics as well as greater intrinsic 

bactericidal activity. This new spectrum of activity is combined 
with a wide safety margin and excellent therapeutic qualities. 


Resisting destruction 

The value of the commonly used beta-lactam 
antibiotics is being constantly eroded by the growth 
of resistant populations of bacteria producing 
beta-lactamases. 

Zinacef has a sophisticated chemical structure, wit 
in-built protection against these enzymes which 
effectively places it in a new class of antibiotics. 


[Cefuroxime]...is highly resistant to degradation 
by beta-lactamases EE Co lc 
Richmond M.H. & Wotton S., Antimicrobial Agents Ei i pus ed 
and Chemotherapy (1976) 10, 219 NU 

The ability to resist destruction results in a greatly 
extended clinical spectrum; many pathogens, both 
Gram-positive and Gram-negative, resistant or 
partially resistant to established beta-lactam antibiotics, 
are sensitive to Zinacef's bactericidal effect. 


Resolving infection 

Zinacef is particularly appropriate for the treatment of 
serious, or potentially serious infections where causative 
organisms have not been identified or may be mixed. 
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Clinical trials involving infections by numerous pathogens in 
many regions of the body have provided evidence that, in 
general, Zinacef produces excellent bacteriological and 
dinical response, with no serious side effects. 


e Zinacef has minimal toxicity giving it a high therapeutic index. 


e Clinical trials have shown excellent renal tolerance. 
e There are no known clinically relevant adverse drug 
_interactions. 

e Adequate serum levels are rapidly achieved and are well 
maintained. 

Widely distributed with adequate levels in sputum, bile, bone 
and cerebrospinal fluid. 

e Zinacef is not metabolised. Large quantities, active and 
unchanged, are excreted in the urine. 

s Can be used safely in neonates. 

e Can be used with gentamicin. 


e Itis compatible with commonly-used intravenous infusion fluids. 


e Patient tolerance is excellent both intramuscularly and 
intravenously. 





All or most strains sensitive 
Many strains sensitive 
Some strains sensitive 











Few strains sensitive 
All strains resistant 








Gram-positive organisms 
Staphylococcus aureus ( penicillin sensitive) 
(penicillin resistant) 
Staphylococcus epidermidis (albus) = 
Streptococcus pyogenes 
Streptococcus pneumoniae 
Streptococcus mitis (viridans) 


























Streptococcus faecalis 
Clostridium spp. 
Gram-negative organisms — 
Haemophilus influenzae 

E. coli 

Klebsiella pneumoniae 

Enterobacter spp. 
Proteus mirabilis 
Proteus vulgaris 


Proteus rettgeri 











Proteus morganii 

Bacteroides spp. including fragilis 
Salmonella spp. 
Shigella spp. 
Neisseria gonorrhoeae 
Neisseria meningitidis 
Pseudomonas aeruginosa 







































































































































































Prescribing information 


Presentation 
Vials of 250mg, 750mg and 1:5 gram and infusion pack of 1-5 gram. All 
containing cefuroxime as cefuroxime sodium. 


Indications 
Serious bacterial infection, especially where the organisms have not yet been 
identified. 

Conditions include: 

Chest infections 

Septicaemia 

Soft-tissue infections 

Obstetric and gynaecological infections 


Bone and joint infections 
Urinary tract infections 

Ear, nose and throat infections 
Meningitis 

Gonorrhoea 


Dosage 
Adults: Generally 750mg t.d.s. I.M. or I.V. Severe infections 1-5 gram t.d.s. I.V. 


Frequency of injections can be increased to six-hourly if necessary. 
Infants and children: 30 to 100mg./kg/ day in 3 or 4 divided doses. 

60 mg/kg/day will be appropriate for most infections. 

Neonates: 30 to 100mg/kg/day in 2 or 3 divided doses. 

Gonorrhoea: Single dose of 1-5 gram (2x750mg I.M. into different sites). 


Contra-indications 
Hypersensitivity to cephalosporins. 


Precautions 

Cephalosporins may, in general, be given safely to patients who are 
hypersensitive to penicillins. 

As with all drugs, cefuroxime should be administered with caution during the 
early months of pregnancy. 

Cefuroxime does not interfere with enzyme-based tests for glycosuria. 
Cephalosporins interfere with tests for glycosuria which use copper reduction 
methods or ferricyanide and for creatinine, the alkaline picrate assay. 

As with other antibiotics, prolonged use may result in the overgrowth of 
non-susceptible organisms. 

‘Cefuroxime should not be mixed in the syringe with aminoglycoside antibiotics. 
Reduce dosage when renal function is markedly impaired. 
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Mr H. H. G. Eastcott, MS, FRCS, FACS (Hon.) 


Tuis issue of the British Journal of Surgery is of 
particular significance, as it marks the end of Mr 
H. H. G. Eastcott's period as Editorial Secretary. 
Felix, as he is known to countless surgeons through- 
out the world, took over the post from Sir Cecil 
Wakeley in May 1972, and in the six years that have 
followed, despite his many other activities and re- 
sponsibilities, he has given unstintingly of his time 
and energies to the affairs of the Journal. Almost 
every weekend in these years, except for his brief 
holidays, he has worked his way through the pile 
of manuscripts coming to him from the Editorial 
Offices, selecting, correcting, distributing papers to 
referees (often with a penetrating annotation in his 
own hand), and adjudicating on countless questions 
with an accuracy, discretion and celerity which have 
earned the admiration of his colleagues on the Edi- 
torial Committee. Felix brought to this task not only 
limitless enthusiasm, but a wide knowledge of sur- 
geons and surgery, a rare capacity for the just appraisal 
of the many manuscripts reaching his desk from all 
over the world and an ability to impose, in the friend- 
liest of manner, his own high standards upon all 
aspects of the Journal. 

During the years that Mr Eastcott has been Edi- 
torial Secretary the editorial structure and work of 
the Journal have been completely reorganized, and 
at the same time the format has been changed. 
Throughout all this, his wisdom and cheerful con- 
frontation of all difficulties have been an important 
factor in enabling the Journal to overcome success- 
fully the problems inherent in these changes. Modest 
with respect of his own contributions and generous 
to the efforts of his colleagues, at all times a devoted 
servant of the Journal, Felix's cheerful company and 
shrewd, balanced judgement will be sorely missed 
from the meetings of the Editorial Committee. As 
he gives up his responsibilities, he carries with him 
the sincere and profound gratitude of his colleagues 
on the Journal and of its many readers. 

At the same time, Professor Charles Clark is giving 
up his position as Assistant Editorial Secretary, a 
post he also has held for the past six years. During 
these years he has not only assisted and deputized 
for Mr Eastcott, but has played a major role in all 
the affairs of the Journal: the Journal is indeed 
fortunate that he has agreed to continue to serve on 
the Editorial Committee. 

Mr Eastcott and Professor Clark can lay down their 
editorial responsibilities in the certain knowledge that 
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Mr H. H. G. Eastcott, Editorial Secretary 1972-78. 


in their years in office the Journal has gained in 
reputation and esteem, as shown by the fact that in 
each year the circulation has increased, a sure reflection 
of the magnitude of their achievement. 

Mr Eastcott is replaced as Editorial Secretary by 
Mr Crawford Jamieson, and it is a sign of the growth 
of the Journal that he will be assisted by two Edi- 
torial Secretaries, Mr John Alexander-Williams and 
Mr Christopher Russell. As they take up office, they 
can be assured of the support and good wishes of 
their colleagues on the Editorial Committee, and 
readers can be assured that the editorial affairs of 
the Journal are in the hands of a zealous and compe- 
tent team. 

L. P. LE QUESNE 
CHAIRMAN 
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A study of technetium-labelled sulphide colloid uptake 
by regional lymph nodes draining a tumour-bearing area 


J. L. BOAK AND T. C. AGWUNOBI* 


SUMMARY 

With appropriate controls, experimental groups of 
inbred C,H mice bearing a syngeneic mammary 
carcinoma challenge in their right rear footpads were 
injected in both rear footpads with Tc" ASC. Mice 
were sacrificed 15 and 90 min after the labelled colloid 
injection. Popliteal and sacral lymph nodes were 
weighed and counted in a well scintillation counter. A 
marked inhibition of labelled colloid uptake was 
demonstrated in regional lymph nodes draining a 
tumour-bearing area. 

Rabbits bearing WX, carcinoma in a forelimb 
received? Tc ASC into each front footpad. Depression of 
labelled colloid uptake by regional lymph nodes draining 
tumour was evident on gamma-camera scanning. 


REGIONAL lymph nodes are accepted as being of 
importance in immunological responses to homo- 
graft (Scothome and McGregor, 1955; Craigmyle, 
1958) and tumour-associated antigens (Black, 1973). 
The definition of the possible role of regional lymph 
nodes in host-tumour relationships is particularly 
important to the oncologist. Adoptive transfer of 
immunity by lymph node cells and afferent lymph 
(Mitchison, 1954; Old et al, 1960; Woodruff and 
Symes, 1962; Delorme and Alexander, 1964), tumour- 
lymph node cell in vitro interaction (Hellstrom et al., 
1968; Fisher and Fisher, 1971; Fisher et al., 1974) and 
histological evidence (Woodruff and Symes, 1962a, b; 
Fisher et al, 1973) strongly support the view that 
regional lymph nodes do in fact play a major role in 
host immunological responses to tumour. 

Attempts have been made to correlate histological 
changes in regional lymph nodes of breast cancer 
patients with prognosis (Black et al., 1953; Black et 
al, 1956; Wartman, 1959; Black and Speer, 1960; 
Masse et al., 1960; Cutler et al., 1963; Anastassiades 
and Pryce, 1966; Hamlin, 1968; Cutler et al., 1969), 
and while there is continuing debate concerning the 
relevance of functional and morphological changes 
taking place in the regional lymph nodes of a tumour- 
bearing area, there can be no doubt that these histo- 
logical and functional changes are readily induced by 
a variety of experimental and clinical tumours. The 
past decade has seen increasing interest in in vitro 
studies investigating the mechanisms involved in such 
tumour-lymph node interactions (Hellstrom et al., 
1968; Fisher and Fisher, 1971; Black, 1973; Fisher 
et al, 1974), but in this context in vitro studies have 
limitations (Bloom, 1971) and may have little 
relevance to events taking place in vivo. It is surprising 
that more attention has not been paid to much more 
meaningful in vive techniques. 

Contact between sensitized lymphocytes and 
tumour tissue inhibits the migration of macrophages 
in vitro (Black et al., 1974), and this phenomenon has 
been studied in our laboratory using regional lymph 
node cells and tumours from breast carcinoma 
patients (Boak and Stolier, 1975). Many technical 
difficulties and problems of interpretation were 


encountered and caused disillusionment with the 
method. There are, however, reports of success, 
demonstrating apparent specific inhibition of macro- 
phage migration by tumour extracts (Andersen et al., 
1970; Rosenberg et al., 1971; Wolberg and Goelzer, 
1971; Ellis et al., 1975) which supported our unsub- 
stantiated impression that macrophage motility 
appeared to be inhibited in cells from regional lymph ~ 
nodes draining a tumour-bearing area. It was, there- 
fore, felt that an in vivo study of local macrophage 
activity might well prove a fruitful area of investigation. 


Materials and methods 


Experimental design 
Inbred mice received an injection of 2x 10* syngeneic 
mammary carcinoma cells in 0-05 ml Dulbecco's solution into 
the dorsum of the right rear foot and control groups received 
irradiated tumour, irradiated syngeneic spleen cells or 
Dulbecco’s solution into the dorsum of the right rear foot. 
Five weeks later animals received an injection of 0-05 ml 
technetium-labelled antimony sulphide colloid @®Tc™ ASC) 
into both rear footpads. The injection into the right footpad 
was made proximal to tumour and other previous injections. 


To ensure constant rates of exercise, animals were maintained 


on moving wheels until they were sacrificed at 15 or 90 min 
after injection. Popliteal and sacral lymph nodes were counted 
in a well scintillation counter. 

Routine histology was performed and the presence of 
actively growing mammary carcinoma was confirmed. 

Rabbits received 2 x 10° VX, carcinoma cells into the right 
forefoot flexor muscle and 5 weeks later had 0-2 ml *Tc™ ASC 
injected into both forepaws. Axillary nodes were scanned 
using a gamma-camera (Nuclear Enterprises NE 8251). 


Experimentai animals 

Inbred female C,H mice, bred in the Royal Postgraduate 
Medical School, weighing 18-22 g and randomly bred, and 
purchased New Zealand White rabbits were used in these studies. 


Tumour 

Mice were challenged with a second generation transplant or a 
syngeneic mammary carcinoma arising spontaneously in a 
multiparous breeding C,H female and transplanted within the 
strain of origin. Preliminary experiments demonstrated this 
particular mammary carcinoma to be slow growing and not 
capable of inducing transplantation resistance in syngeneic 
recipients by previous immunization. 

Rabbits were challenged with VX, carcinoma which is 
maintained in serial rabbit passage in the Department of 
Surgery, Royal Postgraduate Medical School. 

9"TcP ASC was prepared by combining hydrogen sulphide 
with hot antimony potassium tartrate in polyvinyl piridone, 
according to the method of Garzon and his colleagues (1965) 
using **Tc™ prepared in the cyclotron unit of the Royal Post- 
graduate Medical School. Regional lymph nodes were care- 
fully dissected free of all fatty material, weighed and counted 
in a LKB Wallac 1280 ultra gamma well counter, results 
being expressed as counts per minute per milligramme. 


Results 
Five weeks after the injection of viable or irradiated 
mammary carcinoma cells, irradiated syngeneic 





* Department of Surgery, Royal Postgraduate Medical School, 
London. 
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Fig. 1. Counts per minute per milligramme of popliteal 
nodes from right and left rear limbs of experimental groups 
of 10 C,H mice measured at 15 and 90 min after injection of 
0-05 ml of “Tc™ASC into each rear footpad. 


spleen cells or Dulbecco’s solution into the right rear 
footpad of experimental groups of 10 C,H mice, 
there is a marked inhibition in ®°Tc™ASC uptake over 
a 75-min interval (ie. 15-90 min after "ToMASC 
injection) by the right popliteal or primary draining 
node (PDN) of the tumour-bearing group (Table J, 
Figs. 1, 2). 

Analysis of the data by the Wilcoxon rank sum test 
demonstrates that the left PDN of the tumour- 
bearing groups takes up a statistically significant 
increment of label (P 0-01) and a direct comparison 
of left and right PDN label uptake is highly significant 
(P « 0:01). The important Observation, however, is the 
failure of the right PDN to show significant label 
increment rather than its difference from the contra- 
lateral PDN, because there is a significant difference 
(P<0-01) between the uptake of label by the right 
and left PDNs of all the control groups. 

The right sacral or secondary draining node (SDN) 
of the tumour bearing group fails to demonstrate a 
significant label increment, whereas all other SDNs, 
including the left SDN of the tumour group, do so 
(Table If, Figs. 3, 4). There is no significant difference 
between the label uptake of the right and left SDN 
of the viable mammary carcinoma and irradiated 
spleen cell groups, but statistically significant levels 
are noted in the irradiated mammary carcinoma 
cells (P<0-01) and the Dalbecco's solution groups 
(P « 0-05). 
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Fig. 2. Uptake of "TC" ASC expressed as counts per minute 
per milligramme by right and left rear limb popliteal nodes 
of experimental groups of 10 C,H mice over a 75-min period 
following injection of 0-05 ml of labelled colloid into each 
rear footpad. 


Following bilateral injection of *"TcnASC into the 
rear footpads of rabbits bearing VX, carcinoma in 
the right forelimb, gamma-camera scanning demon- 
strated a depressed uptake of label in the PDN at 
2 weeks (Fig. 5), becoming more evident at 5 weeks 
(Fig. 6) and most profound by 10 weeks (Fig. 7). At 
10 weeks the VX, carcinoma had spread to involve the 
axillary lymph nodes. 


Discussion 

These studies demonstrate that the uptake of ?Tc^ASC 
by the regional lymph nodes of a tumour-bearing area 
is markedly depressed. The phenomenon detected in 
mice by well scintillation counting is demonstrable by 
gamma-camera scanning in rabbits. 

All subcutaneously injected materials capable of 
travelling to a draining lymph node enter medullary 
macrophages and the degree of capture and the route 
of degradation show no consistent relationship with 
the antigenicity of the material (Nossal and Ada, 
1971). Lymphoid follicles provide a second important 
site of localization of injected matter, and while in the 
medullary macrophages site the bulk of material is in 
phagocytic vacuoles with very little remaining at or 
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Fig. 4. Uptake of **Tc™ASC expressed as counts per minute 
per milligramme by right and left rear limb sacral nodes of Fig. 7. Photoscintiscan of a rabbit bearing VX, carcinoma in 
experimental groups of 10 C,H mice over a 75-min period the right forefoot flexor muscles with metastatic involvement 
following injection of 0-05 ml of labelled colloid into each of ipsilateral axillary nodes. IS, Injection site; PDN, popliteal 
rear footpad. draining node. 
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Table I: POPLITEAL LYMPH NODE COUNTS FROM RIGHT AND LEFT REAR LIMBS OF EXPERIMENTAL 
GROUPS OF 10 C,H MICE MEASURED AT 15 AND 90 MIN AFTER BILATERAL FOOTPAD INJECTION OF 


0-05 ml °° Tc ASC 


Statistical significance* 


15 min Right 
v. v. 
Category 15 min count 90 min count 90 min left 
Viable mammary carcinoma R footpad L 114942-- 1000 152 155-412 000 « 0-01 «0-01 
R 87 593+. 1000 86 948 -+ 10 000 n.s. 
Irradiated mammary carcinoma R footpad L 158 415-12 000 197 8344-15 000 «001 —0-01 
R 105 273-- 10 000 149 280 - 12 000 «0-01 
Irradiated spleen cells R footpad L 140 2504-11 000 173 872-15 000 «0-01 «0-01 
R 104 872 :- 10 000 124 746 - 11 000 «001 
Dulbecco’s solution R footpad L 142 756 3-11 000 171 9494.15 000 «0-01 —0-01 
R 112 178 3- 10 000 153 210 3- 12 000 «0-01 | 


* Wilcoxon test for two samples. 





Values are expressed as counts per minute per milligramme +1 s.d. 


Table H; SACRAL LYMPH NODE COUNT FROM RIGHT AND LEFT REAR LIMBS OF EXPERIMENTAL 
GROUPS OF 10 C,H MICE MEASURED AT 15 AND 90 MIN AFTER BILATERAL FOOTPAD INJECTION OF 


0-08 ml **?Tce'"ASC 


Category 





15 min count 


Statistical significance* 


15 min Right 
vU. a 
90 min count 90 min left 






Viable mammary carcinoma R footpad L 44 430 :- 6000 52 307+. 5000 «c 001 n 
R 49 472 -+- 5000 47 991--- 5000 n.s. ' 
Irradiated mammary carcinoma R footpad L 65 796 +- 6500 163 936-15 000 « 0.0 <0-01 
R 51 136-5000 78 632-- 7000 « 0-01 
Irradiated spleen cells R footpad L 68 384-6500 104 282 -- 10 000 «0-01 te 
R 45 964 + 5000 117 012-11 000 «0-01 zu 
Dulbecco's solution R footpad L 40 666 + 5000 83 783.- 9000 «0-01 <0-05 
R 39 609 + 4000 55 061+. 5500 <0-01 


* Wilcoxon test for two samples. 


Values are expressed as counts x 104 per minute per milligramme --1 s.d. 


near the cell surface, follicular retention is apparently 
a function of dendritic follicle cells with complex 
surface processes, and insults to these cells result in 
rapid loss of antigen from their neighbourhood. The 
capture and retention of antigens by medullary 
macrophages is scarcely influenced by antibody, but 
follicular localization is entirely dependent on 
circulating antibody (Humphrey and Frank, 1967). 

Examination of sections of mouse lymph nodes 
stained with haemotoxylin and eosin show the ?*Tcm 
ASC to be mainly localized to the regions of the 
marginal sinus, medullary sinuses and canals. Auto- 
radiographic studies on frozen sections of excised 
lymph nodes demonstrate the label to be associated 
mainly with medullary macrophages, and HU. 
labelled mouse albumin experiments demonstrate no 
evidence of lymphatic vessel obstruction (Boak et al., 
1978a; Boak et al, 1978b). These ongoing studies 
would seem to suggest that the uptake of sub- 
cutaneously injected ""TcC"ASC by regional lymph 
nodes is a direct function of regional lymph node 
medullary macrophages and the depressed uptake of 
label by regional lymph nodes draining a tumour is 
due to a local inhibition of phagocytic activity of 
regional lymph node macrophages. 

This apparent local depression of phagocytic 
activity in medullary macrophages of regional 
lymph nodes draining a tumour-bearing area could 
have important clinical implications and may alter 
views relating to mechanisms of sinus histiocytosis 
and host defence. It is possible that local medullary 
macrophage activity is inhibited either directly by 


tumour products or indirectly by substances released 
from lymphocytes responding to tumour associated 
antigens, e.g. migration inhibitory factor, interferon 
or specific macrophage arming factor. Activation of 
the tumour-bearing host's immune apparatus may 
lead to the production of various factors with varying 
local and systemic effects, and the role of macro- 
phages in such responses may be more complex than 
is at present realized. Activation and recruitment of 
cytotoxic macrophages and specific arming of macro- 
phages may be important in the destruction of tumour 
cells, but local elimination of antigenic material in 
regional lymph node macrophages by opsonization 
1979 BUD promote tumour growth (Schlesinger, 
1976). 
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Diagnosis of malignant breast disease by axillary 
lymphoscintigraphy : a preliminary report 


T. C. AGWUNOBI AND J. L. BOAK* 


SUMMARY 

The ability of regional lymph nodes to take up *°Tc- 
labelled antimony sulphide colloid from the breast tissue 
was studied in 50 patients with mammary symptoms by 
gamma-camera scanning. Thirteen out of 14 patients 
with histologically confirmed carcinoma of the breast 
had a depressed uptake of labelled colloid in ipsilateral 
nodes, i.e. a positive scan, Twenty-nine out of 32 patients 
with benign breast disease had a negative scan. The 
method promises to aid both the precise diagnosis o 
breast disease and the definition of the extent of mam- 
mary cancer. 


Tue role of axillary lymph nodes in carcinoma of the 
breast has been the subject of several elaborate studies 
in many centres. It is recognized that metastatic nodal 
involvement constitutes the major prognostic factor 
in breast cancer (Haagensen and Stout, 1943; Haagen- 
sen and Stout, 1951; Pickren, 1956; Auchincloss, 
1963; Devitt, 1965; Pickren et al., 1965; Huvos et al., 
1971), and there are those who hold that sinus histio- 
cystosis in regional lymph nodes indicates a favour- 
able prognosis (Black et al., 1953; Black et al., 1956; 
Wartman, 1959; Black and Speer, 1960; Masse et al., 
1960; Cutler et al, 1963, 1969; Anastassiades and 
Pryce, 1966; Hamlin, 1968) whereas others have 
failed to find a correlation with either tumour morpho- 
logical parameters or survival (Moore et al., 1960; 
Kister et al., 1969; Berg, 1971; Fisher et al., 1973). 
In vitro studies have demonstrated apparent func- 
tional changes in the activity of regional lymph nodes 
draining mammary carcinomas (Fisher et al., 1974), 
and there is much speculation concerning the rele- 
vance of such changes in relation to possible host- 
tumour relationships. While the questions as to 
whether human mammary tumours possess tumour- 
associated antigens or whether the reticuloendothelial 
system plays a significant role in human cancer may 
be widely debated, there is general agreement that 
clinical, histological and functional changes do actu- 
ally occur in regional lymph nodes and it would be 
of obvious clinical relevance if methods could be 
perfected to demonstrate such changes. 

Extensive experimental observations, including an 
investigation of local reticuloendothelial functional 
activity of lymph nodes draining a spontaneous syn- 
geneic mammary carcinoma and VX, transplantable 
rabbit carcinoma, revealed a consistent depression of 
99TC ASC uptake by the primary lymph node drain- 
ing a tumour-bearing area (Boak and Agwunobi, 
1978). The possible clinical relevance of these obser- 
vations stimulated investigation of the clinical use of 
STCmASC., 

Tem, a radioactive derivative of molybdenum 
(Harper et al., 1965), has almost no beta emission but 
emits gamma rays, rendering it suitable for gamma- 
camera scanning. An agent suitable for clinical use 
has been prepared by combining ®°Tc™ with sulphur 
colloid, and the agent has been employed to visualize 
liver, spleen, bone-marrow (Petasnick and Gottschalk, 


1966; Kazem et al, 1967; Atkins et al., 1969), also 
mediastinal (van Zwol, 1969; Atkins et al., 1970; 
Coates et al., 1973), abdominal (van Zwol, 1 969; 
Fairbanks et al., 1972), inguinal (Kazem et al., 1967; 
Hauser et al., 1969; van Zwol, 1969), axillary and 
internal mammary lymph nodes (Rossi et al, 1962; 
Gros et al., 1972; Ege, 1976). While organs and 
lymph nodes are readily visualized, refinement of the 
agent and more accurate gamma-camera resolution 
are necessary before this method could prove valu- 
able in identifying small metastatic deposits in organs 
and lymph nodes. If, however, *°Tc™ASC is used to 
assess in vivo regional lymph node functional activity 
rather than primarily to actually visualize reticulo- 
endothelial organs, our laboratory studies (Boak and 
Agwunobi, 1978) suggested that a depression of **Tc" 
ASC uptake might be demonstrable in the primary 
draining lymph node of a cancer-bearing area. Having 
carefully considered the safety of the methods in- 
volved, a clinical lymphoscintigraphic clinical study 
of benign and malignant disease was designed. 


Patients and methods 

Fifty patients attending the Hammersmith Hospital Breast 
Clinic with breast complaints—palpable lumps, nipple 
discharge or abnormal mammograms—were investigated. 
Following routine history taking, clinical examination and, in 
older patients with suitable breasts, mammography, a "Tc" ASC 
mammary lymphoscintiscan was performed. In the early 
studies 7 patients had the scan following a drill biopsy, but 
later studies were always performed before drill or open 
biopsy and in 2 instances the scan was repeated after the 
biopsy procedure. The nature of all lesions was confirmed by 
histological examination. . 

Patients with a histologically confirmed, operable malignant 
breast lesion had an extended simple mastectomy as the 
primary treatment and metastatic involvement of axillary 
nodes was assessed by histological examination. 

For the lymphoscintiscan 100 uCi of *Tc'PASC in a volume 
of 1 ml, prepared by the Pharmacy Department of Hammer- 
smith Hospital, was injected subcutaneously around each 
areolar area. Three hours later both breast areas were scanned 
using a gamma-camera (Nuclear Enterprises NE 8251) and 
Polaroid photographs were taken of the photoscan image 
(Figs. 1-4). 

The injection sites around the areola and the regional lymph 
nodes were identified and a direct visual comparison was made 
between the primary draining axillary lymph node in the 
symptomatic and contralateral side. A photoscan was declared 
positive if the primary draining axillary lymph node on the 
symptomatic side gave a lesser image than the corresponding 
contralateral node (Fig. 1) and negative if there was a brighter 
(Figs. 2, 3) or identical (Fig. 4) photoscan image on the sympto- 
matic side. Code-numbered scans were independently read by 
both authors, whose only clinical information was whether 
symptoms or signs were associated with the right or left side. 


Results i 
Fifty symptomatic patients have been scanned. Thir- 
teen patients with histologically confirmed carcinoma 
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Fig. 1. Pre-biopsy axillary lymphoscintiscan of patient M. L. (36) with intraduct carcinoma of the right breast (Te Ny, M. 
IS, Injection site; PDN, primary draining lymph node; SDN, secondary draining lymph node. 
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Fig. 2. Pre-biopsy axillary lymphoscintisean of a 43-year old patient with an inflammatory lesion in the left breast. 


(Abbreviations as Fig. 1.) 


of the breast (Ty, Ny, Mo-Toa No. My) gave a definite 
positive scan, and in one patient the scan was judged 
to be equivocal (Table /). There have been no false 
negative results so far. 

When scanning was performed following biopsy, 
4 patients without histological evidence of metas- 
tatic lymph node involvement gave a positive scan 
(Table I). One patient (E. B), with histological evi- 
dence of nodal involvement, gave a positive scan when 
the scan was performed before and after drill biopsy 
(Table III). One patient (M, L), without nodal in- 
volvement, had a positive scan before open biopsy 
and a negative scan following biopsy (Table ID. 

Twenty-nine patients with histologically confirmed 
benign disease had a negative scintiscan and 3 patients 


had a positive scintiscan (Table HI). Active inflam- 
matory disease and chronic mastitis produced an 
increase in "Tc" ASC uptake in the primary draining 
axillary lymph node (Figs. 2, 3). 


Discussion 

The results of this study indicate the possible value 
of lymphoscintigraphy in establishing a preoperative 
diagnosis in disease of the breast, The accuracy level 
of 13 out of 14 in cases in which lymphoscintiscanning 
was not complicated by previous biopsy is encour- 
aging. In our pilot study lymphoscintiscanning (13/14) 
was superior to mammography (9/14), clinical assess- 
ment (9/14) or combined mammographic and clinical 
assessment (8/14) in detecting a carcinoma of the 
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Fig. 3. Pre-biopsy axillary Iymphoscintiscan of a 16-year-old patient with a fibroadenoma in the left breast. (Abbreviations 


as Fig. L) 
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Fig. 4. Post-biopsy axillary lymphoscintiscan of patient M. L. (36) with intraduct carcinoma of the right breast (Ta No. M4). 


(Abbreviations as Fig. 1.) 


breast. Four breast carcinoma patients with a positive 
scan were negative on both mammography and clinical 
examination, and the one patient with an equivocal 
scan had a positive mammogram and an obvious 
clinical cancer. These observations suggest that the 
combination of all three forms of investigation would 
give a very low failure rate, 

One patient (M. L. in Tables I, II) presented with 
bloodstained nipple discharge and a sparse brown 
serous discharge could be expressed from the nipple, 
but there was no palpable lump. Cytology on the 
nipple discharge was negative, as was mammography. 
The offending duct was excised with no apparent 
macroscopic lesion being detected but histology con- 
firmed an intraduct carcinoma. This patient's scan was 
repeated after excision biopsy and was negative 
(Table II) Axillary nodes were confirmed histo- 
logically to be free of metastases. J.C, (Table I) pre- 
sented with a palpable lesion in the breast and was 
scan positive but mammogram negative, The initial 
pathological report of benign disease was revised to 
carcinoma im situ. The detection of two very earlv 
cancers in younger women (36 and 46 years) bv 
lymphoscintiscanning and the complete absence of 
false negative scans is particularly promising. 

Of the 3 patients with false positive scans, one 
(L. E., Table ID had a papillomatous skin lesion, and 


it may be that the regional lymph node response to 
such lesions will prove similar to that of malignant 
disease. The two remaining false positive patients 
will be carefully followed up over the next few 
years. 

The preliminary data presented here have been 
obtained while methodology was being developed, 
and it is thought that continuing studies with im- 
proved methods and equipment will enhance the 
accuracy of the technique. Of particular importance 
in this report is the use of a larger gamma-camera, 
facilitating synchronous scanning of both axillas, and 
the utilization of computer-linked facilities to measure 
rate and total *"Tc"ASC uptake by the primary 
draining lymph nodes. These present results compare 
favourably with the accuracy of mammography (Tables 
I, II), but it should be noted that this report is not 
presented with the direct collaboration of our radio- 
logical colleagues. Mammograms were accepted as 
positive when such indefinite radiological terms as 
‘malignancy cannot be excluded’ were used in the 
routine report. 

When more patients have been studied, it is planned 
to review these results in collaboration with two 
experienced radiologists reading the mammograms 
and giving a definite opinion as to the presence of 
malignant disease in the breast. 
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Table I: SCINTISCAN, MAMMOGRAPHIC AND 
CLINICAL ASSESSMENT OF 14 PATIENTS 

Patient Age Classification Scan Mammogram Clinician 
Tag» Nib M, +* 


= 
o 
RS 
od 


MY SRE > weg: 
DAO RANE Merz, 


* Scintiscan performed after biopsy. 
T Scintiscan performed before and after biopsy (see Table Il). 


Table H: SCAN RESULTS OF 4 PATIENTS WITH 
CLINICALLY AND RADIOLOGICALLY DETECTABLE 
CANCER SCANNED AFTER DRILL BIOPSY AND 2 
PATIENTS SCANNED BEFORE AND AFTER BIOPSY 


Before After 
Patient Age Classification biopsy biopsy 
E A. 63 Tia. Ns, M, pur 
M. R. 85 Tis. No: Ma = 
P F. 69 Tao; No M, ES 
E. H. 80 Ti; Nos Mo 
M. L. 36 Tas Noe Ma E _ 
E. B, 76 Tes, Nip: M, e sp 
Table HI: LYMPHOSCINTISCAN RESULTS IN 
PATIENTS WITH BENIGN BREAST DISEASE 
No. of Scan Scan 
Diagnosis patients positive negative 
Chronic mastitis 29 2 27 
Breast abscess 2 0 2 
Basal cell papilloma 1 Í 0 


In this preliminary series all patients in whom 
cancer has been detected have had a mammogram; 
it is not our policy, however, to perform mammo- 
grams in patients under the age of 35 years, and if 
these preliminary results of lymphoscintigraphy are 
subsequently confirmed, an additional advantage of 
the technique may be its use in younger women in 
whom it does appear more efficient. 

The favourable characteristics of *"TC»ASC are a 
short physical half-life of 6 h, an emission of a clear 
140 key gamma ray and the absence of primary 
particle radiation (Harper et al, 1965) The short 
half-life obviously reduces radiation dosage but the 
absence of primary particle radiation ensures that 
much of the more penetrating photon radiation leaves 
the body without being absorbed (Harper et al., 
1964). Ten mCi or more may be given without 
undue radiation hazard (Harper et al, 1964) and 
there is, therefore, less risk involved in performing 
or repeating a scintiscan in a non-pregnant female 
of any age than may be associated with mammo- 
graphy (Editorial, 1977). 

In those patients with no apparent axillary node 
involvement by secondary tumour, the ability of a 
drill biopsy to alter the scan from positive to negative 
(biopsy effect), and the apparent absence of such an 
effect in patients with histological evidence of lymph 


node involvement, suggest the possibility that this 
phenomenon might prove useful in preoperatively 
deciding whether or not axillary lymph nodes are 
involved by metastatic carcinoma. 

The mechanisms involved in the phenomenon de- 
scribed here are under continuing investigation. The 
removal of *Tc™ASC from the periareolar sub- 
cutaneous tissues to the regional lymph nodes de- 
pends both on the permeability of lymphatic capil- 
laries to the small molecules (3-30 nm) of this agent 
and on their adherence to, and ingestion by, macro- 
phages both locally in the breast tissue and in the 
lymph nodes. A clear definition of the cellular lympho- 
dynamic and physiochemical mechanisms involved 
will doubtless lead to further modifications in the 
technique. 

It is not envisaged that lymphoscintigraphy should 
be used as a screening technique but rather as a 
diagnostic aid in breast disease. The scans were 
judged with prior knowledge as to the site of the 
abnormality or symptom; if this information had 
not been available, inflammatory lesions provoking 
an increased uptake in the ipsilateral axillary nodes 
would cause the scan to be judged positive for the 
opposite breast. If, however, the clinician with full 
knowledge of the clinical findings interprets the scans, 
then their value will be further improved. The in- 
creased accuracy to be obtained by combining the 
assessments of the clinician and the radiologist inter- 
preting the mammograms is well recognized (John- 
sen, 1975), but if the findings of our preliminary 
report are substantiated by continuing studies, then 
the clinician armed with the clinical findings and 
figures defining relative uptakes of primary draining 
lymph nodes will be in a position to make more 
confident decisions for individual patients. 

The three outstanding problems in breast cancer 
are establishing the diagnosis, knowing the extent of 
the disease and defining the correct management for 
the individual patient. Forrest (1976) stresses that 
the separation of these stages into a logical sequence 
would be a significant advance. This pilot study indi- 
cates the basis for a method establishing (a) whether 
there is an occult lesion in a breast which is clinically 
and mammographically normal; (6) whether a pal- 
pable breast lesion is benign or malignant; (c) whether 
axillary lymph nodes are involved by metastatic 
tumour. The method may go some way towards 
establishing a logical sequence of events in the manage- 
ment of breast patients, aiding the establishment of a 
precise diagnosis and an accurate definition of the 
extent of the disease before therapy. 

The clinical applications of this method in breast 
disease are obvious, but particular advantages might 
be obtained in the diagnosis of early cancer in younger 
women. Breast screening using clinical and mammo- 
graphic examination is apparently improving survival 
in the older age groups (Shapiro et al., 1973; Strax, 
1976). Mammograms are unhelpful before the age of 
35 but there is no contraindication to using or re- 
peating this simple scintigraphic technique in females 
of any age. 

A difficult clinical problem is the woman with a 
lumpy breast in whom multiple biopsies may have to 
be considered. A normal axillary photoscintiscan may 
allow the clinician to avoid unnecessary biopsies and 
resultant scarring on cosmetically important secon- 
dary sexual organs. 
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Laboratory and clinical studies in progress have 
confirmed that the uptake of *°Tc™ASC by regional 
lymph nodes is a measure of the phagocytic activity 
of regional lymph node medullary macrophages and 
is not related to mechanical obstruction of lymphatic 
vessels (Boak and Agwunobi, 1978). 

In summary, this pilot study suggests that this 
regional lymph node phagocytic activity test may 
well prove a most effective technique in the diagnosis 
and management of breast disease, as well as of other 
lesions in suitable anatomical areas. 
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Postoperative amino acid infusions: an appraisal 


B. J. ROWLANDS AND R. G. CLARK* 


SUMMARY 

Amino acid infusions either as a 7 per cent solution or as 
an isotonic 3:5 per cent solution produce a nitrogen- 
sparing effect in the postoperative period. The nitrogen- 
sparing effect is independent of the concentration and 
rate of infusion of the amino acid solution; or of any 
changes in plasma substrate and hormone concentra- 
tions. These solutions have no advantage over con- 
ventional intravenous therapy with isotonic glucose 
and saline solutions and there is no indication for 
their routine use in the management of postoperative 
patients, 


AFTER elective abdominal surgery, a period of negative 
nitrogen balance ensues for several days. Body 
protein is catabolized at the rate of 75-150 g per day 
depending on the severity of the procedure and the 
patient’s previous nutritional status (Duke et al., 
1970). These losses are inconsequential provided that 
complications do not occur and that oral feeding is 
soon resumed. Intravenous therapy during the period 
of limited oral intake is usually with isotonic glucose 
and saline solutions together with potassium supple- 
ments. Energy requirements for vital functions are 
provided by the mobilization of endogenous fat 
stores, but gluconeogenesis from muscle protein 
ensures that glucose-dependent tissues, such as 
nervous tissue, and erythrocytes are also provided 
with energy (Kinney et al., 1970). 

The administration of isotonic amino acid solutions 
via a peripheral vein improves nitrogen balance in 
stressed patients when compared with similar patients 
receiving 5 per cent glucose (Blackburn et al., 1973). 
During caloric deprivation the insulin response to 
glucose infusion may have a catabolic effect, leading 
to the suppression of fat mobilization at the expense 
of body protein, whereas amino acid solutions have no 
antilipolytic or antiketogenic effect (Flatt and 
Blackburn, 1974). However, previous studies from 
this department have shown that amino acid infusions 
alone produce significant elevations of immuno- 
reactive insulin (IRI) and falls of non-esterified fatty 
acids (NEFA) postoperatively (Rowlands and Clark, 
1976), and it seems unlikely that they offer any 
advantage over conventional therapy. 

This study was designed to examine the use of 
amino acid solutions and conventional intravenous 
therapy during a postoperative period of 4 days by 
assessing the changes in plasma glucose, immuno- 
reactive insulin (IRD, non-esterified fatty acid (NEFA) 
S-hydroxybutyrate (BOH), urea and urinary nitrogen 
excretion. 


Patients and methods 
Sixteen male patients undergoing elective abdominal surgery 
of moderate severity (e.g. vagotomy and pyloroplasty, chole- 
cystectomy) were studied. Each group was well matched for 
age and weight and all patients had normal fasting values of 
plasma glucose. 

Patient management was standardized during the study 
period (Giddings, 1974; Rowlands, Giddings and Clark, 1977). 
On the day of operation, premedication was given at 0800 h 


and the procedure commenced between 0900 and 1000 h. 
Hydration was maintained during the operation and until 
0800 h on the first postoperative morning with 0-9 per cent 
saline, up to a maximum of 31 in 24 h, and nothing was given 
by mouth. 

The study protocol for the postoperative infusion regimen is 
summarized in Fig. 1. From 0800 h on the first postoperative 
morning 6 patients (group 1) received 5 per cent dextrose 
(1-43 g/kg body weight daily) and 6 patients (group 2) received 
a crvstalline l-amino acid solution (0-23 g nitrogen/kg body 
weight daily). The composition of the amino acid solution is 
shown in Table I. The daily allowance of dextrose and amino 
acid solution was given over a 16-h period from 0800 to 2400 h 
and for the remaining 8 h the patients received only saline. 
The infusions were given at a constant rate over the 24-h 
period using an Ivac infusion pump. The regimen was iso- 
caloric. Oral intake was restricted to clear fluids throughout the 
study and each patient was allowed 30 ml/h on the first, 60 mi/h 
on the second, 90 ml/h on the third and 120 ml/h on the fourth 
postoperative day. 
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Fig. 1. Schematic representation of the study protocol for 
postoperative amino acid and dextrose infusion regimens 
showing sampling and daily infusion times. 


A further group of 4 patients received a 3-5 per cent l-amino 
acid solution (group 3). The infusion protocol was similar to 
that described above except that the daily nitrogen intake was 
gradually increased from 4-7 g on the first postoperative day to - 
7-1 g on the second and third and 9:4 g on the fourth post- 
operative days. 

Venous blood samples were taken without stasis at 0800 and 
1600 h from the opposite arm to the infusion. Each sample 
was taken into a tube containing chilled heparin (12:4 units/ml 
of blood) and aprotonin solution (10 000 KIU/ml of blood), 
was thoroughly mixed and then centrifuged immediately for 
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3 min. The plasma was then separated and several aliquots 
were stored at —20 ^C until analysis. 

Plasma glucose was measured by the hexokinase and 
glucose-6-phosphate dehydrogenase method (Slein, 1971) and 
plasma urea by the phenol-hypochlorite method (Fawcett and 
Scott, 1960) using test combinations supplied by the Boehringer 
Corporation (London) for each substrate. Plasma IRI was 
measured by a single antibody technique and plasma NEFA 
by a colorimetric method (Giddings, 1974). Plasma BOH was 
measured using an enzymatic method (Williamson and 
Mellanby, 1971). 

Urinary samples were collected over a 24-h period from 
0800 h on each day throughout the study. Urinary nitrogen 
was determined using the micro-Kjeldahl distillation method 
(Varley, 1967). 

Statistical analysis of the results was made using a Student's 
t test for both paired and unpaired data of Gaussian 
distribution. 


Results 

Changes prior to commencing intravenous regimen 
The results are summarized in Table H. On the after- 
noon following surgery there were significant eleva- 
tions of plasma glucose (P « 0-001), NEFA (P « 0-001), 
BOH (P « 0-005) and urea (P « 0-005), and a slight rise 
in plasma IRI. There was a further rise in plasma IRI 
(P « 0-001) on the first postoperative morning; plasma 
glucose and urea remained elevated, but plasma 
a and BOH had returned to preoperative 
values. 


Plasma values during postoperative intravenous 
regimen 

Plasma glucose: Basal plasma glucose (0800 h) was 
significantly elevated in the dextrose group throughout 
the study period (Fig. 2). Significant elevations of 
plasma glucose occurred during dextrose infusion on 
the first postoperative day from 6:68 + 0:32 to 8-174 
0-56 mmol/l (P«0-02) and on the second post- 
operative day from 5-96 - 0-20 to 7-34 0-65 mmol/l 
(P<0-05), but the response subsequently diminished. 
In both amino acid groups there was no hypergly- 
caemic response to infusion. 


Plasma insulin: Basal plasma IRI did not change 
significantly in any group (Fig. 3). During infusion, 
there were significant elevations of plasma IRI in each 
group on the first and second postoperative days— 
in the dextrose group from 8:52 1-75 to 199+ 
5:11 mU/I (P«0-05) and from 682 0-97 to 18:24 
6:23 mU/1 (P «0-05); in the amino acid group from 
8-20+1-97 to 16:9: 4-45 mU/1 (P«001) and from 
8-05+1-48 to 13:0+2-48 mU/Il (P<0-02); in the 
isotonic amino acid group from 11-89 +5-4 to 19:54 
6:8 mU/I (P«0:02) and from 6:773 2-36 to 139+ 
6:4 mU/I (P « 0-05). 


Plasma non-esterified fatty acids 

Significant depressions of NEFA occurred in the 
dextrose group on the first (0-72 + 0-09 to 0-50 + 0-07 
mmol/l, P«0-02) and fourth postoperative days 
(0-74 ££ 0-04 to 0-52:: 0-06 mmol/l, P<0-01), and in 
the amino acid group on the first postoperative day 
(0.73:£0-06 to 0-59: 0.05 mmol/l, P<0-05). There 
was no change in plasma NEFA during infusion of 
isotonic amino acid (Fig. 4). 


Plasma B-hydroxybutyrate 
In the dextrose and amino acid groups there was no 
change in plasma BOH values in basal samples or 
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Table I: AMINO ACID COMPOSITION (g/D AND 
ELECTROLYTE COMPOSITION (mmol/)) OF 
NITROGEN SOURCE (VAMIN) USED IN THESE 
STUDIES 


| 


Amino acids 
Isoleucine 
Leucine 
Lysine 
Phenylalanine 
Tyrosine 
Methionine 
Cysteine/cystine 
Threonine 
Tryptophan 
Valine 
Alanine 
Arginine 
Aspartic acid 
Glutamic acid 
Glycine 
Histidine 
Prolme 

Serine 


—~Gewewoed A D u u ow Oo 


C) na Go du DAOP deo tide n Ua nr O A tà Mà Va 
UA d 


bz * 
4 bo 


Essential /total ratio 
Total nitrogen 


Electrolytes 

Sodium 50 
Potassium 20 
Calcium 5 
Magnesium 3 
Chloride 55 


VAMIN N, used in the amino acid group (2), contains no 
additional calorie source. YAMIN N/2, used in the isotonic 
amino acid group (3). contains zo additional calorie source 
and concentrations of all constituents are half of those for 
VAMIN N. 


Table H: PRE- AND POSTOPERATIVE PLASMA 
VALUES IN 16 PATIENTS BEFORE COMMENCING 
POSTOPERATIVE INTRAVENOUS FEEDING 
REGIMENS 


Day of op. | d postop. 
0800 h 1600 h 0800 h 
Glucose 5:36--0-15 7-28 0:24 6:63 0-17 
(mmol/l) P 0-001 P 0-001 
i 4-79 +.0-46 6-68 + 1-12 9-26 -- 1:12 
(mU/l) P 002 P 0-001 
NEFA 0:67 -+003 1-00 =. 0-05 0-73 4- 0-04 
(mmol/l) P 0-001 n.s. 
SOH 0-18 +.0-02 0-45 —- 0-05 0:25 - 0-02 
(mmol/l) P 0-005 P 002 
Urea 431 3-0-19 5-02 -- 0:24 5-75 4- 0-03 
(mmol/l) P 0005 P 0-001 


The significance of the difference between the basal 
preoperative value and postoperative values is shown. AH 
values are mean ise. mean. 


during infusion (Fig. 5). Basal BOH values were 
significantly elevated above preoperative values in the 
isotonic amino acid group on the second (P « 0-001), 
third (P « 0-001), fourth (P « 0-001) and fifth (P < 0-02) 
postoperative days. 


Plasma urea 

In the amino acid group, plasma urea was elevated 
both in the basal samples and during infusion through- 
out the study period in comparison with the dextrose 
and isotonic amino acid groups (Table III). 
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Fig. 2. Changes in plasma glucose (mean -- s.e. mean) during 
a postoperative infusion regimen with 5 per cent dextrose, 7 
per cent amino acid or 3-5 per cent amino acid solutions. 
Samples taken during the infusion of test solution (©) and 
basal samples taken during the infusion of saline (@) are 
shown. 


Nitrogen balance 

The daily negative nitrogen balances over the study 
period were 9-830-86g in the dextrose group, 
6-84 + 0-85 g in the amino acid group and 7-61-- 1-15 g 
in the isotonic amino acid group (Fig. 6). The nitrogen- 
sparing effects of both amino acid groups were similar 
and were significantly greater than the dextrose group 
(amino acid P «0-01, isotonic amino acid P « 0-02) on 
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Fig. 3. Changes in plasma IRI (mean--s.e. mean) during a 
postoperative infusion regimen with 5 per cent dextrose, 7 
per cent amino acid or 3-5 per cent amino acid solutions. 
Samples taken during the infusion of test solution (O) 
and basal samples taken during the infusion of saline (@) 
are shown. 


the first and second postoperative days. On sub- 
sequent days nitrogen balance was similar in each 
group. 


Discussion 

Following moderate elective surgery, the resting 
metabolic expenditure of most patients who make an 
uneventful recovery is about 2000 kcal (Kinney, 1975). 
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Fig. 4. Changes in plasma NEFA (mean .t-s,e. mean) during 
a postoperative infusion regimen with 5 per cent dextrose, 
7 per cent amino acid or 3:5 per cent amino acid solutions. 
Samples taken during the infusion of test solution (45) and 
basal samples taken during the infusion of saline (69) are 
shown. 


The infusion of 5 per cent dextrose (group 1) and 7 
per cent amino acid solution (group 2) supplies 
approximately 400 kcal per day, the energy deficit 
being made up by mobilization of endogenous fat and 
protein stores. The catabolism of lean body tissue is 
reflected in urinary nitrogen loss and this may be 
favourably influenced by the infusion of amino acid 
solutions alone (Blackburn et al., 1976). A number of 


Postoperative amino acid infusions 


DEXTROSE 
BOH k 
mmol | L O4 


O3 
D | 
Q4 


oOo 1 2 3 4 5 
Days (post-op). 


AMINO ACID 


Bon 
mmol/L 04 


ot | 
oat J 


OA 





O 1 2 3 4 S 
Days (post-op) 


ISOTONIC AMINO ACID 


B OH 99 
mmol/i 





O 1 2 3 4 5 
Days (post-op) 


Fig. 5. Changes in plasma GOH (mean -i-s.e. mean) during a 
postoperative infusion regimen with 5 per cent dextrose, 7 
per cent amino acid or 3-5 per cent amino acid solutions. 
Samples taken during the infusion of test solution (OQ) and 
basal samples taken during the infusion of saline (4) are 
shown. 


workers (Freeman et al., 1975; Hoover et al, 1975; 
Schulte et al., 1975; Gazzaniga et al., 1976) haveshown 
that significant nitrogen sparing may be achieved 
with isotonic amino acid solutions in the postoperative 
period, but there is little agreement as to the role of 
plasma substrates and hormones in this effect. 
Greenberg et al. (1976) showed that the protein-sparing 
effect of amino acids is a function of the infused 
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Table IH: CHANGES IN PLASMA UREA DURING POSTOPERATIVE INTRAVENOUS THERAPY WITH 
DEXTROSE, AMINO ACID AND ISOTONIC AMINO ACID SOLUTIONS 


Day postop. and time of measurement 


Q 1 2 3 4 5 
Group 0800 1600 0800 1600 0800 1600 0800 1600 0800 1600 0800 

| Dextrose (7 = 6) 4-74 5-40 5.82 6:12 $28 4-14 4-10 3-78 4-70 4-32 4-81 
mb» 0-23 3-03 I Ln 0-71 -+039 zi o 84 de 0-69 d 0-66 i 0-83 aa 0-56 40-46 c 0-38 

2 Amino acid (n = 6) 4-30 5:25 6:10 8:61 7.28 9-38 8-40 9-60 8-74 8.72 7-64 
£055 £047 4059 $099 41-34 4192 41-95 41-7) 41-70 41:56 +141 

3 Isotonic amino acid 3-70 4-20 5-00 4-90 5-16 4-83 490 443 4-38 4-70 3°93 
(n= 4) +010 -+040 +0-30 -+033 +0-40 -+029 +00 +053 +028 +085 +0455 


All values are mmol/l (mean -+s.e. mean). 
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amino acid group the greatest nitrogen sparing 
occurred before the development of significant hyper- 
ketonaemia when the smallest quantity of amino acids 
was being infused. Nitrogen balance was similar in all 
groups on the third and fourth postoperative days. 
Thus, the nitrogen-sparing effect of amino acid 
solutions postoperatively is not related to their 
concentration or rate of infusion and is independent 
of changes in fat or ketone body metabolism. 
Nitrogen balance should be corrected to take into 
account any change in plasma urea (Lee, 1974). The 
plasma urea was elevated in all groups on the morning 


-15 Dextrose after operation owing to water and sodium retention, 
nitrogen Vmnoaod iien a feature of the metabolis response to ure 
balance Isotonic Amino acid amino acid infusion on the first and second post- 
(o) operative days and values were significantly greater 


Fig. 6. Nitrogen balance (mean ---s.e. mean) during a 
postoperative infusion regimen with 5 per cent dextrose, 
7 per cent amino acid or 3:5 per cent amino acid. 


amino acids alone and is not related to the degree of 
endogenous fat mobilization. Our study lends support 
to the conclusion that nitrogen sparing is not 
accompanied by any definite substrate patterns and 
that both 7 per cent amino acid solution and isotonic 
35 per cent amino acid solution reduce negative 
nitrogen balance in the postoperative period, when 
compared with 5 per cent dextrose. 

On the first postoperative morning, when the intra- 
venous regimen commenced, the adaptive response to 
trauma and food deprivation was well established, and 
this was reflected in the elevated plasma levels of 
glucose, IRI and $OH, but, contrary to findings in 
previous studies from this department (Giddings, 
1974; Rowlands et al., 1976), plasma NEFA was not 
elevated. Subsequently the pattern of substrate change 
was similar in each group, apart from the highly 
significant elevations of plasma BOH that occurred on 
the second postoperative day in the isotonic amino 
acid group and persisted throughout the study. 
Similar elevations have been observed in the patients 
receiving saline alone (Rowlands, unpublished data), 
suggesting that this may be a response to calorie 
deprivation and is unlikely to be a direct result of 
isotonic amino acid infusion. In both amino acid 
groups the greatest nitrogen-sparing effect occurred on 
the first and second postoperative days, confirming 
similar observations by Schulte et al. (1975) and 
Gazzaniga et al. (1976). On those days basal glucose 
and IRI were elevated and, during infusion of 
dextrose and amino acid solutions, further increases 
in IRI and falls in NEFA occurred. In the isotonic 


than those in the dextrose and isotonic amino acid 
groups throughout the study. The mean daily incre- 
ments in plasma urea in the amino acid group 
represent a catabolism of about 80 g of protein, which 
approximates to the amount of protein infused each 
day. Urea retention rather than tissue utilization may 
thus be a significant feature of the infusion of amino 
acid solutions. 

Hyperaminoacidaemia and hyperinsulinaemia may 
contribute to the nitrogen-sparing effect of amino 
acid solutions (Felig, 1976) and even greater nitrogen 
sparing may be achieved when both amino acids and 
carbohydrates are used in an intravenous regimen 
(Rowlands, Giddings, Johnston et al., 1977). What- 
ever the mechanism responsible, the improvement in 
nitrogen balance in this study is not associated with 
elevated plasma NEFA nor with hyperketonaemia or 
hypoinsulinaemia. Amino acid solutions are expensive 
and the clinical indications for their use should be 
assessed carefully. The demonstration of a protein- 
sparing effect of amino acid solutions alone, at a time 
when muscle protein breakdown is of little con- 
sequence, should not suggest their routine post- 
operative use. This study supports the conclusion of 
Craig et al. (1977) and Freeman et al. (1977) that there 
is no indication for the used of amino acid solutions 
in postoperative patients who make an uneventful 
recovery and soon resume oral feeding. 
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A case of traumatic hindquarter amputation 


THE LATE HARLEY TURNBULL* 


With a Foreword by 
NORMAN R. WYNDHAM 


Foreword 

WHEN the late Sir Gordon Gordon-Taylor was in 
Australia shortly after the end of World War H he 
saw, in an hospital in Sydney, a young soldier who 
was recovering from a traumatic hindquarter amputa- 
tion. In his John Fraser Memorial Lecture entitled 
‘On Malignant Disease in the Region of the Hip-joint’, 
delivered in June 1957 and published 2 years later 
(Gordon-Taylor, 1959), *G.- T." referred to this patient, 
and his description of the case is reproduced as an 
Appendix to this article. 

Sir Gordon Gordon-Taylor asked me to persuade 
Harley Turnbull, the surgeon who initially treated 
this patient, to publish the case history. Turnbull 
died in 1976 and amongst his papers this record of the 
patient's history was found. The record is reproduced 
here essentially unaltered. The short, terse, un- 
dramatic notes catch the tenseness of the moment 
more than would embellished phrases. No former 
Army surgeon can read this without being taken back 
in time to the atmosphere of the forward operating 
theatre as experienced just over 30 years ago. 


Case report 

The patient was a lad of 20 years, whose occupation prior to 
joining the Army was that of an apprenticed jockey. On 2 
February 1945 he was working on unloading stores from a ship 
into a barge at Aitape in the SW Pacific. He was being lowered 
from the ship to the barge by standing with one foot in the 
curve of the S-shaped hook at the end of the winch wire. A 
heavy swell was running at the time, and the winchman had in 
mind to drop him into the barge as it rose on the crest of a 
wave. He suspended him over the barge and as the latter rose 
he dropped him quickly. The lad missed the barge and went 
into the sea between the ship and the barge, where he was in 
grave danger of being crushed, so the winchman rapidly lifted 
him. His left foot was in the curve of the hook, and in his rapid 
jerking ascent his right foot became caught under an iron 
stanchion on the barge. The winchman was unable to stop and 
the soldier was literally split in two. The left limb was torn off 
and ascended at the end of the winch wire, whilst the lad was 
left hanging by his right foot on the side of the barge. An 
American Medical Officer was on the ship and he immediately 
put in an intravenous plasma drip; there was gross haemorrhage 
which he could not stop, so he wrapped the stump in a towel, 
and the man was rapidly moved ashore to the 2/11 Australian 
General Hospital. The accident occurred at 1330h and the 
the patient was admitted to hospital at 1400 h. 


Condition on admission 

Colour marble white, profuse sweating. Pulseless, comatose 
and no bleeding. The plasma had not run in because of the 
associated collapse. 

He was immediately put on the operating table and resuscita- 
tion started. The cephalic vein in both forearms was fortunately 
entered by a needle without cutting down and a transfusion of 
blood started in each arm, the two drips running simul- 
taneously. A rubber tube was rammed into the air vent of each 
Soluvac bottle, and by means of forced pressure with a reversed 
Higginson's syringe, blood was driven into the circulation in 
the following way: 

2 lof blood given in 10 min BP 50/? 

41 of blood given in 30 min BP 70/? 

51 of blood given in 60 min BP 120/80, 


There had been no bleeding up to this time for the reason 
that he had been bled out and the heart muscle had been 
ineffective. At the end of the hour, after $1 of blood had been 
given and his blood pressure had risen to 120/80 mmHg, 
violent haemorrhage occurred, and in a few minutes the blood 
pressure had dropped so that again it could not be recorded. 
Temporary pressure was applied by pressing the wounded area 
with a towel. It was evident that the only chance the patient 
had was immediate operation to effect haemostasis, otherwise 
he could not be resuscitated. It appeared a forlorn hope in a 
patient with an unrecordable blood pressure. Blood was still 
being driven into both arms in a continuous stream. 


Operative findings 

1. Left lower limb with half the pelvis was missing. Separation 
of the extremity had taken place at symphysis pubis and the 
left sacro-iliac joint. 

2. The rectum had been torn across just below the peritoneal 
reflection and the lower portion was absent. 

3. The urethra had been torn across in its membranous 
portion. 

4. The bladder was floating free with the prostate attached. 

5. The penis and scrotum had been completely invaginated 
into the abdomen. 

6. There was gross loss of skin from the lower abdomen, and 
the remaining skin had been stripped up and was lying folded 
back as an apron over the thorax. 

7. The oblique muscles were grossly damaged and lacerated. 

8. The left kidney was visible in the upper part of the wound. 

9. The wall of the left side of the abdomen consisted of 
peritoneum only. 


Operative procedure 

The first thing done before determining the extent of the 
damage was to find the main bleeding vessels. The external 
iliac artery and veins were found with difficulty in the debris 
and ligated with silk. This immediately controlled the violent 
bleeding, but the haemorrhage was still profuse. The peri- 
toneum was lifted up and the gluteal arteries found and ligated. 
There only remained now a constant ooze of blood from the 
whole of the damaged area, but purposive bleeding had been 
controlled. Marked bleeding was coming from the area under 
the diaphragm. The kidney and spleen were presenting 
in the wound and were undamaged; the bleeding in this area 
was coming from numerous small vessels. 

The sciatic nerve had been divided at the point where it 
probably came out of the sciatic notch. The bladder with 
attached prostate, floating loose in the pelvis, was undamaged. 
The left ureter was identified, and found to be uninjured. The 
peritoneum was now examined. The whole area was bare of 
skin from pubis to thorax and the peritoneum was the only 
structure holding in the abdominal contents. It was minutely 
examined but there was no tear present. The common iliac 
artery and vein were now hgated just below their origin from 
the aorta and inferior vena cava respectively. The penis and 
scrotum were evaginated. The penile urethra was grossly 
damaged, with multiple lacerations extending along its whole 
length. An attempt was made to pass a catheter along the 
penis, but this was impossible. 

The wound was trimmed of damaged tissue, the bruised 
skin edges excised, and closure of the wound was attempted. 


* Formerly Lieutenant-Colonel, Australian. Army Medical 
Corps. 

Correspondence to: Professor L. P. Le Quesne, The Middlesex 
Hospital, London Wi. 


There was about 40 per cent loss of skin from the left side of 
the abdomen. The skin was widely undercut over the right half 
of the abdomen, and over the back; by this means sufficient 
skin was acquired to form what would be the new perineum. 
The prostate was anchored between the two flaps of skin and 
the mucosa of the prostatic urethra sutured to the skin edges 
with fine catgut. The torn rectum was brought down between 
the two folds of skin about 2 in behind the new urethra; the 
serous coat was anchored to the skin by catgut and the mucous 
membrane sutured to the skin edges. The skin edges were then 
sutured with silkworm gut between the rectum and urethra. 
A. new perineum was thus fashioned in which the rectum and 
urethra were implanted. The whole area was liberally dusted 
with penicillin-sulphanilamide powder. A large roll of dry 
gauze was packed under the diaphragm and around the kidney 
and spleen to control the oozing in this area. A second large 
roll was packed in the iliac area, and a third pack behind the 
pubis and around the bladder. These three packs effectively 
controlled all oozing; the skin was now sutured as far as 
possible, but an area 6 x 3 in, corresponding to the left lumbar 
area, could not be covered. The three pack ends were brought 
out at separate points in the wound. Despite the most intensive 
skin undermining it was impossible to cover this bare area, 
and its floor was formed by peritoneum alone. A tube was 
placed in the scrotum for drainage. 

Forty cc of penicillin solution, 1000 units per cc, were 
injected all over the area through the skin. A catheter was put 
into the bladder and sutured to the skin. The operation took 
30 min to perform and despite forced transfusion of blood, the 
blood pressure at its conclusion was only 50 systolic and the 
diastolic pressure was unrecordable, whilst the pulse was barely 
perceptible and too rapid to count. During the operation time 
of 30 min the patient received a further 4 1 of blood. This made 
a total of 9 1 of blood given in approximately 90 min. A further 
litre was given at a rate of 40 drops per minute. Oxygen was 
given and the patient left on the operation table for 5 h before 
he was moved to the ward. 

1900 h: Condition had improved. BP 130/70; pulse 96/min. 
A litre of plasma was then given. 


Postoperative course 
9.2.45. 0800 h: General condition vastly improved. Pulse rate 
80/min; BP 140/90. Passing urine freely. No sweating. Started 
on intermittent penicillin 15 000 units 3-hourly. Oxygen 
discontinued and plasma changed to 5 per cent glucose saline 
intravenously. 

10.2.45: Condition satisfactory, intravenous 
stopped, passing urine freely by catheter. 

11.2.45: BP 120/80; pulse rate 80/min. 

12.245: OPERATION—pentothal—redressing. The three 
gauze packs were removed. Bleeding had been controlled. The 
skin edges in parts were necrotic and gangrenous. These were 
excised. Some erythema and inflammation around the lower 
end of the wound; some extravasation of blood into scrotum 
and penis. New attachment of rectum and urethra clean and 
firm. Redressed with penicillin-sulphanilamide powder and 
Vaseline gauze. Forty cc penicillin, 1000 units per cc, injected 
through skin under flaps. 

13.2.45: Bowels open profusely through artificial anus. 
Catheter changed. 

16.2.45: The bowels were opened frequently, and as the 
contents were pouring over the wound the faecal stream was 
diverted by an epigastric transverse spur colostomy, under 
pentothal anaesthesia. An attempt was made to do a supra- 
pubic cystotomy, but it was impossible to reach the bladder 
extraperitoneally due to its abdominal position, its emptiness 
and adhesions present. 

17.2.45: Hb 89 per cent. General condition is worrying, 
very restless, rapidly losing weight. Is eating and drinking well. 

19.2.45: OPERATION—pentothal anaesthesia—colostomy 
opened. 

20.2.45: Colostomy acted. 

28.2.45: Large sloughing area in perineum. Condition 
greatly improved. Nursing is a problem. Is eating very well. 

2.3.45: Condition greatly improved. Went to pictures on a 
stretcher. 


therapy 
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Fig. 1. The patient about 8 weeks after the accident. 


8.3.45: Condition excellent, despite great loss of weight ; bare 
area in perineum granulating in; eating very well. It was 
thought that a suprapubic cystostomy might help by keeping 
the perineum dry, and permitting the wound to granulate. 

9.3.45: OPERATION—pentothal anaesthesia—suprapubic 
cystostomy. A metal sound was passed through new urethral 
opening in the perineum into the bladder. It was pushed up 
against anterior abdominal wall and a direct cut made on to 
the point through the skin. The bladder was opened in this 
manner and a self-retaining catheter inserted. An attempt was 
made to pass a catheter through the penile urethra, but it was 
obstructed 2 in from the meatus. 

10.3.45: No drainage at all through the suprapubic tube, all 
urine draining through perineal opening. Catheter reinserted 
into bladder through perineum. 

12.3.45: Localized abscess opened between bladder and 
right pubic bone. 

16.3.45: No drainage from suprapubic tube, which was 
removed. 

24.3.45: General condition excellent. Is putting on weight 
rapidly. There is a small granulating area in the perineal area. 
Evacuated from South West Pacific area to Australia. 


Extract from a comment written by Harley Turnbull (12 June 
1945) 

Nursing in this case was a difficulty, and the more so as he 
continued to lose weight rapidly. He recovered from his injury 
without a pressure sore; this was a triumph for the ceaseless, 
heart-breaking efforts of those members of the Australian 
Army Nursing Service who looked after him. Surgical problems 
were small compared with those of nursing. He was an ideal 
patient and his morale superb. He was always cheerful and 
cooperative, and his desire to recover was ever present. Whether 
life will hold anything for one so stricken remains to be seen, 
but his youth may allow adaptation to his physical handicaps. 
I got to know the boy well and I think he will enjoy life. His 
moral strength and ‘guts’ far exceeded the average. 


Further course (N. R. W.) 

On arrival in Australia the patient was transferred to 
the 113 (Concord) Military Hospital in Sydney, and 
his appearance a little later is shown in Fig. 1. Two 


392 Harley Turnbull 
months after his arrival in Sydney he complained of 
loin pain, due to the development of bilateral renal 
calculi. During the ensuing 7 months he passed several 
stones and on several occasions a total of 29 bladder 
stones was removed from the bladder, mainly by 
litholapaxy, and thereafter no further stones formed. 
The granulating wound was closed by a split skin 
graft, and in February 1946 a left inguinal colostomy 
was constructed. In October of that year he was well, 
though rather frail. An operation was performed to 
adjust his colostomy and following this he developed 
a septicaemia from which he died. 


Appendix 

Extract from an article by Gordon-Taylor (1959). In 
contrast to his usual fastidious attention to detail, it 
is to be noted that Sir Gordon's description of the 
accident is not factually correct, and he was in error 
in stating that the patient was initially treated in an 
American hospital. After reporting the case history 
he went on to state that whilst there were a number 
of traumatic forequarter amputations on record, he 
believed this case history to be unique at that time. 


Rarest of all hindquarter procedures is a traumatic amputa- 
tion although, mirabile dictu, recovery has followed such a 
daemonic injury. 

A lighterman was working close inshore with one lower limb 
on the gunwhale of a boat, the other on a raft, A wire hawser 
became entangled around one of his limbs; a wave carried one 


craft upwards and the other downwards, and a hideous 
traumatic hindquarter amputation resulted. The ablated lower 
extremity remained on the deck entangled in the hawser, and 
the trunk and remaining limb of the victim were precipitated 
head downwards into the water. The bladder was torn off the 
posterior urethra and the rectum was severely lacerated. 

The accident took place by the quayside of one of the islands 
off New Guinea during the Second World War. The patient 
was taken to an American hospital close at hand. Vigorous 
transfusion was promptly employed, suprapubic drainage of 
the bladder was instituted and a colostomy performed. 1 saw 
the patient several times during the months of his convalescence 
at Concord Repatriation Hospital, New South Wales, by which 
time he was ambulant. I was distressed to hear subsequently that 
he had succumbed from a minor surgical procedure many 
months after the initial injury. 
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A prospective study of subclavian vein catheters used 
exclusively for the purpose of intravenous feeding 
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SUMMARY 
One hundred and seventy-eight central venous catheters 


inserted via the subclavian vein for the purposes of 


intravenous feeding were studied in 77 patients. 

Insertion of the catheter was complicated by puncture 
of the subclavian artery on three occasions and by a 
pneumothorax on two. 

Catheters remained in situ for a mean period of 10 
days. Ninety-two were removed because the require- 
ment for nutrition no longer existed and 86 were 
removed because of suspected infection, venous throm- 
bosis or mechanical problems. Infective organisms 
were grown from 17 catheters (9-5 per cent) but other 
unrelated causes of infection were frequently present in 
the population under study. Venous thrombosis of a 
major upper limb vein was seen in 8 patients. 


CATHETERIZATION of the subclavian vein is one of the 
most widely described techniques for the administra- 
tion of parenteral nutrient solutions. Access to the 
central veins by this (as indeed by any other) route is, 
however, associated with a long list of hazards, some 
of which have proved fatal. We have adopted a 
standardized technique for the placement and care of 
subclavian feeding lines in patients in whom it is felt 
that the indications for intravenous nutrition clearly 
take priority over the dangers inherent in its 
administration. 

This report describes a prospective study of 178 
successfully placed subclavian catheters used 
exclusively for intravenous feeding. 


Patients and methods 

The study was carried out on 77 patients fed intravenously in the 
Department of Surgery between October 1975 and January 1977. 
The indications for intravenous feeding are shown in Table I. 

All the catheters were inserted under aseptic conditions by 
a method similar to that described by Dudrick and Wilmore 
(1968). 

The skin of one side of the upper chest was cleansed with 
acetone as a defatting agent and povidone-iodine solution 
(Betadine, Napp Laboratories Ltd) as an antiseptic. A 20:3 cm 
polyethylene catheter (0-11 cm internal diameter) was inserted 
into the subclavian vein through a 5-1 cm stainless-steel needle 
(0-15 cm internal diameter) (Bard-I-Cath, C. R. Bard Inter- 
national Ltd). Antiseptic povidone-iodine ointment and an 
occlusive dressing of sterile gauze and waterproof adhesive 
tape were applied. A chest radiograph was taken on completion 
of the procedure to determine the position of the catheter tip, 
which was then adjusted if necessary. A litre of isotonic saline 
was infused initially before commencing infusion of the 
nutrient solution itself. 

Dressings and administration tubing were changed three 
times per week using similar aseptic precautions. 

Once inserted, the intravenous catheter was used solely for 
parenteral nutrition solution, and not for the administration 
of blood, plasma and drugs or for central venous pressure 
measurement. The nutrient solution used was made up of 
25 per cent dextrose and 4:5 per cent crystalline amino acids 
(Fre Amine If, McGaw Laboratories) prepared less than 24h 
beforehand under laminar flow conditions in a sterile area in 
the hospital pharmacy. 


Before the catheter was removed from the patient, a blood 
sample was withdrawn from it for bacteriological culture. The 
terminal 3 em of the catheter were cut off after removal and 
also submitted to bacteriological scrutiny. 


Results 

There were 77 patients with a mean age of 48:2 years 
(range 18-86), of whom 40 were men and 37 women. 
Of the total of 211 attempts at subclavian vein 
catheterization, 178 were successful. Of 33 (15-2 per 
cent) unsuccessful attempts, there was failure to enter 
the subclavian vein in 18 (8-5 per cent), although no 
mishaps occurred. Ten catheters (4-7 per cent) were 
misplaced and found to have passed into the ipsilateral 
jugular or contralateral innominate vein, again with- 
out adverse effects to the patient. In 5 instances (2:3 
per cent) there were complications of the procedure. 
The subclavian artery was punctured 3 times with no 
adverse sequelae apart from a haematoma. One 
patient developed a bilateral pneumothorax following 
attempts to catheterize both subclavian veins. This 
required closed chest drainage, which led to rapid 
resolution of the problem. 

One hundred and seventy-eight catheters were in 
place for a mean period of 10-5 days (s.d. X 7.0), 
giving a total of 1866 days of parenteral nutrition. 
The reasons for removal of the catheters are listed in 
Table I. 


Table I: INDICATIONS FOR PARENTERAL FEEDING 


Postoperative nutritional support 38 
Preoperative nutritional support 12 
Gastrointestinal fistula 18 
inflammatory bowel disease 9 

77 


Table II: REASON FOR CATHETER REMOVAL 


No. A 
Elective (i.e. termination of therapy) 92 52-0 
Suspicion of sepsis 57 32-0 
Mechanical failure 21 11-8 
Venous thrombosis 8 45 

178 100-0 


Ninety-two (52 per cent) of the catheters were 
removed because it was decided to terminate the 
course of intravenous feeding for reasons unrelated 
to the catheter. In those cases in which the catheters 
had to be removed prematurely three principal 
problems were seen to arise—infection, venous 
thrombosis and mechanical malfunction. 
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Fig. 1. Details of infection in 178 catheters in 77 patients. 


Table Il: ORGANISMS CULTURED FROM 
CATHETER TIPS 
Blood culture 


Organism No. also positive 
Staphylococcus aureus 9 3 
Coagulase-negative staphylococcus 6 1 
&-Haemolytic streptococcus 1 
Proteus 1 





tips of the catheter are shown in Table III. The 
infected catheters were in place for a mean time of 
9-6 days (s.d. + 5:2). 

Of the 77 patients (178 catheters), in 46 (133 
catheters) the clinical cause of the sepsis was unrelated 
to the presence of an intravenous catheter, e.g. wound 
infection, active inflammatory bowel disease, entero- 
cutaneous fistula or chest infection. It was only in 
this group that catheter sepsis was found. Forty-seven 
catheters (26 per cent) were removed when evidence 
of sepsis was thought to exist on clinical grounds 
and it was not clear whether or not the catheter 
was responsible. Ten of these catheter tips were 
bacteriologically positive (5-6 per cent) and 2:2 per 
cent yielded positive blood cultures. Of catheters 
removed where sepsis was not thought to be a 
problem 7 (3-9 per cent) produced a positive culture 
from the tip of the catheter, though there were no 
positive blood cultures. 


Venous thrombosis 
Eight patients developed unilateral or bilateral upper 
limb oedema, in some cases associated with neck or 
facial swelling. This problem was thought to be due to 
venous thrombosis and in all cases it resolved over a 
period of days to weeks after removal of the catheter. 
One patient sustained a large pulmonary embolus 
during treatment but there was no evidence of 
thrombosis in any of the veins of the upper limbs. 
This complication resolved with anticoagulant therapy 
but the catheter was also removed as a precaution. 


Mechanical problems 

Twenty-one catheters (11-8 per cent) were removed 
because of mechanical failure of the system. Eleven 
became occluded either by precipitation of the 
nutrient solution or by blood clot if the infusion was 


allowed to stop. Three catheters were removed when 
it was noticed that they were leaking at the puncture 
site. The remainder (7) were accidentally removed by 
inadvertent traction on the external tubing during 
routine patient care. 


Discussion 

Long term parenteral nutrition requires infusion of 
nutrient into the high blood flow of a central vein in 
order that dilution will nullify the ‘venotoxic’ effects 
of a highly osmotic solution. This is usually achieved 
by the use of an indwelling catheter with its tip lying 
in the superior vena cava or one of its main tributaries. 
Despite considerable refinement in techniques, there 
is nevertheless a complication rate related both to the 
insertion and presence of the catheter in addition to 
the metabolic complications that can arise from the 
diet or the illness itself. 

Insertion of the catheter has been associated with a 
long list of complications (pneumothorax, haemo- 
thorax, intrapleural effusion, arterial puncture, sub- 
cutaneous haematoma, air embolus, thoracic duct 
injury, nerve injury, wrong position, haemomedi- 
astinum), and in our series there was an incidence of 
2:3 per cent. Neither puncture of the subclavian artery 
nor pneumothorax produced more than a temporary 
inconvenience to the patient. Christensen et al. (1967) 
and Benard and Stahl (1971) reported a rate for 
serious complications of 4-5 per cent and 6-0 per cent 
respectively for subclavian catheter insertion for both 
feeding and monitoring purposes. In the series 
reported by Ryan et al. (1974), a complication rate of 
4 per cent was found in 355 subclavian vein catheter- 
izations performed exclusively for intravenous feeding 
purposes. The point was made that neither insertion 
nor maintenance of the catheter was carried out by 
members of the specialized ‘Hyperalimentation Unit’. 
All catheters in the present series were inserted by 
members of the Department of Surgery, who were 
responsible for placement and maintenance of the 
catheters as well as for supervision of the intravenous 
feeding régime. It is possible for expertise to be 
developed by such a group and thereby many of the 
pitfalls and complications may be avoided. 

The importance of a routine chest radiograph after 
each catheter insertion and before the commencement 
of infusion of hypertonic nutrient solution should be 
stressed. This step is necessary in order to check the 
position of the tip of the catheter and to exclude the 
presence of a pneumothorax. In one patient this initial 
radiograph was normal but a pneumothorax was 
discovered several days later. During the interim 
period the patient had undergone laparotomy, and it 
is possible that the positive pressure ventilation 
system used during the anaesthetic may have allowed 
leakage of air from a pleural tear produced at the 
time of catheter insertion but not of sufficient 
magnitude to allow a pneumothorax to appear at that 
time. It has now become our routine practice to 
obtain a postoperative chest radiograph of all patients 
who undergo subclavian vein catheterization before 
or during an operation which requires ventilation. 

There was an incidence of venous thrombosis of 
3-8 per cent, and in all cases resolution occurred after 
removal of the catheter, although this took several 
weeks in some cases. Ryan et al. (1974) noticed 
thrombosis of the superior vena cava or one of its 
main tributaries in 8 of 34 patients who were receiving 


parenteral nutrition at the time of death and who 
underwent autopsy. In 3 of these 8 patients there was 
also good evidence of sepsis associated with the 
catheter. In our series only 1 of the patients who 
developed thrombosis showed any bacteriological 
evidence of sepsis (positive catheter tip culture). Like 
Ryan and his colleagues, we could not find any 
convincing evidence to indicate that venous throm- 
bosis was associated with catheters that had been 
indwelling for long periods of time. 

Review of the chest X-ray films of patients who 
developed an upper limb vein thrombosis showed that 
in all cases the catheter tip was located not in the 
superior vena cava but in the subclavian or innominate 
vein. It was therefore possible that these veins were 
subjected to the effects of a hypertonic solution with- 
out sufficient dilution and thereby suffered thrombo- 
phlebitis. On the other hand, previous experience 
with central venous catheters in this department has 
indicated a risk of cardiac tamponade when the 
catheter tip is situated low in the superior vena cava 
or right atrium (Greenall et al, 1975). Thus, we 
advocate placement of the catheter tip in the upper 
.half of the superior vena cava. This is confirmed by 
an erect chest radiograph. The carina lies adjacent to 
the mid-point of the superior vena cava (whose length 
is approximately 7 cm) and serves as the most reliable 


landmark. We found a catheter of 30 cm suitable for 


cannulation of the left subclavian vein and one of 
20 cm more suitable for the right. 

Positive culture from the catheter tip (9-5 per cent) 
occurred mostly in patients in whom there were other 
sources of infection. The organism isolated from the 
catheter was usually Staphyloceccus aureus and in 1 
case was a -haemolytic streptococcus. Infected 
catheters from patients without other septic foci 
generally revealed coagulase-negative staphylococci. 

Copeland et al. (1974) reported a 2 per cent 
incidence of catheter sepsis in patients with various 
forms of neoplasm. Despite the fact that these patients 
were in many instances receiving chemotherapy and 
considered ‘potentially septic’, no actual septic focus 
apart from the catheter was usually present. Our 
higher sepsis rate and its similarity to that reported by 
Ryan et al. (1974) (7 per cent) indicate, we feel, that 
the presence of an intravenous catheter acting as it 
does as a foreign body, attracts infection from a 
continual stream of organisms that is being released 
into the circulation in many of the patients. Although 
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this was pointed out by McNair and Dudley (1959), 
we feel that the benefits of parenteral feeding in these 
patients justify the risk. 

We suggest, therefore, that scrupulous attention to 
catheter care can produce a very low incidence of 
sepsis, but that in patients in whom there is a major 
focus of systemic sepsis it is probably difficult to bring 
about a further reduction in incidence. There is thus 
the need for continued awareness of the possibility of 
catheter sepsis and its potentially serious conse- 
quences. Catheters should be withdrawn if there is 
evidence that they have become infected, though this 
may lead to their unnecessary removal in many 
instances (Ellis et al., 1976). 

Ellis (1975) pointed out that the unnecessary 
removal of feeding catheters in the event of potential 
sepsis can be reduced by critically appraising the 
situation using a logic-based flow system. We are 
inclined to the view, however, that the dangers of 
septicaemia in this type of patient may outweigh the 
inconvenience to patient and staff caused by a change 
of catheter. 
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The effect of hepatic interposition on insulin-stimulated 
gastric secretion after proximal gastric vagotomy 


C. WASTELL AND H. T. MILLINGTON” 


SUMMARY 

The peak acid output to insulin 10—14 days after 
proximal gastric vagotomy (PGV) for uncomplicated 
duodenal ulcer in a control group of 1l men was 
1-5 mmol/h, and this rose significantly (P —0:01) after 
a mean interval of 26:1 months to 5:3 mmoljh. The rise 
in the PAO, in 7 male patients undergoing PGV and 
hepatic interposition for duodenal ulcer was from 
1:0 mmol/h to 4-5 mmol/h (P<0-05) over a mean 
interval of 13:1 months. No significant difference 
between the changes in the PAO in the two groups of 
patients could be detected. It is concluded that separation 
of the lesser curve of the stomach from the cut edge of 
the lesser omentum by the left lobe of the liver after 
PGV in an attempt to block vagal regeneration does not 
alter the postoperative rise in acid secretion. 


AN anxiety of vagotomists is that the reduction in 
gastric acid output initially achieved by operation will 
not be maintained. It has been proved that there is a 
significant rise in the peak acid output to insulin 
(PAO when it is measured at increasing time intervals 
after proximal gastric vagotomy (PGV) (Lyndon et 
al., 1975). One conceivable explanation for this is that 
vagal reinnervation of the stomach occurs. 

After PGV we have found that the left lobe of the 
liver can be placed behind the stomach (hepatic 
interposition), thus separating the cut edge of the 
lesser omentum from the lesser curve of the stomach 
(Fig. 1) (Wastell et al, 1974). This is technically 
easier than the previously described reperitonealiza- 
tion of the lesser curve (Grassi, 1971) and places a 
greater barrier of tissue between the cut ends of the 
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Fig. 1. The left lobe of the liver has been tucked beneath the 
stomach at the conclusion of proximal gastric vagotomy. 


tet 


vagus nerves in the lesser omentum and the skeleton- 
ized lesser curve of the stomach. The effect of this on 
insulin-stimulated gastric acid secretion in 7 male 
patients is compared with a comparable control 
group of 11 men who underwent PGV for duodenal 
ulcer without hepatic interposition. All patients in 
both groups were Hollander-negative 10-14 days 
after operation. 


Patients and methods 
Seven male patients underwent PGV for uncomplicated 
duodenal ulcer and at the conclusion of the operation hepatic 
interposition was carried out. The stomach was fixed in this 
position by suturing the ligamentum teres to its anterior surface 
and by two or three other sutures placed in the liver capsule. 
In spite of this basic alteration in the anatomy, the stomach lay 
without tension in its new situation. 

The control group of 11 men all underwent operation for 
uncomplicated duodenal ulcer but no hepatic interposition was 
performed. 


Insulin tests 

All patients underwent a first insulin test 10-14 days after 
operation and all were negative by the criteria of Hollander; 
the second test was performed at least 6 months later. After 
an overnight fast and the stopping of all drugs liable to alter 
secretion, a plastic nasogastric tube was passed, its position 
being checked by a washout technique (Hassan and Hobsley, 
1970). After the fasting juice followed by the washout had been 
aspirated completely, basal secretion for 1 h was collected by 
continuous suction at a negative pressure of 50 mmHg. A 
mg dose of soluble insulin (0-2 U/kg) was then given intra- 
venously and aspiration was continued for 2 h with the juice 
being collected in 15-min aliquots. Blood glucose estimations 
were performed at 0, 30, 60 and 90 min. The volumes of gastric 
juice were measured by cylinder and acid concentration 
determined by titration to pH 7 using a pH electrode. PAOy 
was calculated by adding together the two consecutive highest 
15-min outputs and multiplying the sum by two, thus expressing 
the result in mmol/h. 

The mean age of the experimental group was 46:4 years and 
of the control group 44-7 years. The time between the first and 
second insulin test in the hepatic interposition group was 13:1 
months (s.d. 5:4) and in the control group 27:1 months (s.d. 
12-9, 0:01 >P — 0-001). 


Results 


Stability of hepatic/gastric position 

Three patients from the hepatic interposition group 
had barium meals performed several months after 
operation and the anterior displacement of the 
stomach with indentation of the posterior wall by the 
left lobe of the liver could clearly be seen in each case. 
One other patient underwent repeat laparotomy for 
recurrent ulceration and the liver was in the precise 
position in which it had been placed at the conclusion 
of PGV. 


Acid secretion 
The blood glucose fell in each patient at some time 
during the first insulin 2-h period to below 2:1 mmol/l. 
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Table I: PEAK ACID OUTPUT TO INSULIN AND HOLLANDER STATUS AFTER PGV WITH OR WITHOUT 


HEPATIC INTERPOSITION 
With hepatic interposition 


Ist test 2nd test 
| I PAO; 

(mmol/h) Hollander (mmol/h) Hollander 

0 Negative 0-1 Negative 

2-8 Negative 11-8 Late positive 

(^4 Negative 0 Negative 

0:8 Negative 0-6 Negative 

22 Negative 8-7 Late positive 

0 Negative 4-6 Positive 

0 Negative $8 Positive 
Mean 1-0 Mean 4-5 
s.d. L4 s.d. 46 


Without hepatic interposition 


Ist test 2nd test 
PAO, PAO; 
(mmol/h) Hollander (mmol/h) Hollander 
0 Negative 1-6 Positive 
1-3 Negative 6:7 Positive 
0 Negative 0-1 Negative 
1-0 Negative 0-6 Negative 
0-4 Negative 8-1 Positive 
2-6 Negative 2:1 Negative 
1:3 Negative 14-2 Positive 
4-9 Negative 5-0 Late positive 
2-0 Negative 10-6 Late positive 
1-7 Negative 2:3 Positive 
1-4 Negative 6:7 Negative 
Mean 1:5 Mean 5:3 
s.d. L4 s.d. 45 


First test, 10-14 days after PGV; second test, at least 6 months after PGV. 


The PAO, for both groups for both the first and 
second insulin tests is shown in Table I. In the hepatic 
interposition group the mean rises significantly from 
1-0 mmol/h (s.d. 1-4) in the first test to 4.5 mmol/h 
(s.d. 4-6, P 0-05) in the second. In the control group 
the mean rise is from 1-5 mmol/h (s.d. 1-4) to 53 
mmol/h (s.d. 4-5, P<0-05). If the change in PAO, 


a between the first and second tests in the hepatic inter- 


position group—a mean increase of 3-5 mmol/h (s.d. 


oe 3-7)—is compared with the change in the control 


group—a mean increase of 3-8 mmol/h (s.d. 4:5)—no 
significant difference can be demonstrated between 
the groups. 


Discussion 

Weinstein and Hollander ( 1950) were the first to 
report the change in the insulin status of patients after 
vagotomy, and their findings were confirmed by 
Mason and Giles (1968, 1969). 

Kronborg (1971) found that in 320 patients after 
vagotomy there was a small but significant increase in 
volume, acidity and therefore acid output when the 
response to insulin 2 weeks after operation was 
compared with that obtained 3-4 years later. He and 
his colleagues had previously shown that both truncal 
and selective vagotomy were associated with a change 
rom a negative to a positive Hollander response in 
between 50 and 60 per cent of patients (Kronborg 
et al., 1970). 

The timing of this increase in insulin-stimulated 
response after operation was explored by Smith et al. 
(1972) in 52 patients after truncal vagotomy. They 
found that if the total 2-h secretion of acid was 
considered, there was a significant increase in those 
patients who converted from a Hollander negative 
to a positive response and this change occurred by 6 
months after operation. Lyndon et al. (1975) found 
the mean PAO, to have increased significantly at 1 
year compared with immediately after operation. No 
greater increase was detected at 3 years but at 5 years 
there was a significant increase compared with the 
levels at 1 year. If the mean values are considered, the 
major part of the increase takes place during the first 
year after operation. 

Our own results would suggest that a significant 
increase in the PAO, does occur after PGV regardless 


of whether hepatic interposition is performed or not, 
and that hepatic interposition has not been effective 
in reducing the size of this increase. The mean time 
between the first and second tests is greater in the 
control group than in the hepatic interposition group, 
but the mean increase in the PAO, is similar which, if 
anything, strengthens the finding of a lack of effect 
for hepatic interposition since it might be expected 
that the postoperative rise in stimulated acid secretion 
is time-dependent (Lyndon et al, 1975). 

Of the 7 patients with hepatic interposition after 
PGV 2 have converted to a positive and 2 to a late 
positive (that is, positive in the second post-insulin 
hour) response. This compares with the control group 
in which 5 out of 11 became positive and 2 late 
positive. In both control and interposition groups the 
conversion rate is similar to that reported by Kronborg 
et al. (1970). The change in PAO, seen in members 
of both interposition and control groups varied 
from a reduction of 0-5 mmol/h to an increase of 
12-9 mmol/h. Some of this variation is bound to be 
explained by the nature of the test, but beyond this the 
reasons are not clear. If indeed reinnervation is the 
cause of the rise in acid secretion then this could still 
occur from the oesophageal or antral submucous 
nerve plexus. 

Regeneration of the vegetative nervous system in 
the cat has been shown by Murray (1969, 1972) to be 
à vigorous process occurring not only through the 
cut ends of nerves, but also through the sides by lateral 
sprouting. It is possible to imagine that if a few vagal 
efferent fibres regenerate successfully, then the intra- 
mural gastric nerve plexus will be effectively reinner- 
vated; but whatever the basic process that explains the 
increase in acid secretion shown to occur after truncal, 
selective and proximal vagotomy, it cannot be 
prevented by hepatic interposition in patients after 
PGV. 
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Secondary acute pancreatitis: aetiology, prevention, 


diagnosis and management 


C. W. IMRIE, A. J. MCKAY, I. S. BENJAMIN AND L. H. BLUMGART* 


SUMMARY 

Secondary acute pancreatitis occurs soon after surgery, 
upper abdominal trauma or the clinical investigations 
of endoscopic retrograde choledochopancreatography 
(ERCP) or translumbar aortography (TLA). In this 
study of secondary acute pancreatitis, 30 patients 
developed acute pancreatitis after surgery, 12 following 
trauma and 8 following ERCP or TLA. These 50 
patients were drawn from a total of 501 patients with 
all forms of acute pancreatitis admitted to G lasgow 
Royal Infirmary from 1960 to 1976. Thirty-seven of the 
patients were part of a prospective study of 361 patients, 
while the remainder were examined retrospectively, 

Important features in the prevention of secondary 
acute pancreatitis are avoidance of forceful surgical 
dilatation of the lower common bile duct and unneces- 
sary operative procedures at the sphincter of Oddi. 
Careful technique is nessary when performing ERCP or 
TLA. In the prospective phase of this stud v, early 
diagnosis of secondary acute pancreatitis was achieved 
by careful clinical observation and biochemical screen- 
ing of ‘at risk’ patients. The mortality rate in patients 
studied retrospectively was 46 per cent while in those 
studied prospectively it was 13-5 per cent. 

Postoperative acute pancreatitis had the highest 
mortality rate (30 per cent) and most frequently 
followed biliary tract surgery. A disproportionately 
large number of patients developed pancreatitis after 
sphincterotomy or sphincteroplasty. 

Early laparotomy is advocated in patients with 
pancreatitis occurring after blunt abdominal trauma. 
Where the initial management was conservative in this 
group, late pseudocyst formation requiring surgical 
drainage was common. 


ACUTE pancreatitis occurring soon after operation or 
upper abdominal trauma has long been recognized. 
Postoperative acute pancreatitis accounts for approxi- 
mately 10 per cent of all forms of acute pancreatitis 
and has been associated with a high mortality rate 
ranging from 33 to 50 per cent (Petersen et al., 1968; 
White et al., 1970; Imrie, 1974; Ranson et al., 1976). 
Acute pancreatitis following blunt upper abdominal 
trauma or penetrating injury has been reported by 
various authors with a mortality rate proportional to 
the number of organs injured (Northrup and Simmons, 
1972; Anderson et al., 1974; Balasegram, 1976). The 
pancreatitis which follows clinical investigative pro- 
cedures is a more recently recognized entity and is 
usually a less severe form of the disease, although 
fatal cases have been reported following ERCP 
(Ammann et al., 1973; Ruppin et al., 1974). 

A fatal outcome of secondary acute pancreatitis is 
commonly associated with delay in diagnosis. In the 
prospective phase of this study we therefore monitored 
serum and urinary amylase levels in those patients 
considered most 'at risk' of developing secondary 
acute pancreatitis, i.e. following partial gastrectomy 
or biliary tract surgery (especially where previous 
acute pancreatitis had occurred) and after abdominal 


trauma or ERCP. This biochemical screening, 
together with clinical observation and, occasionally, 
laparotomy was used to establish earlier diagnosis in 
an often insidious and dangerous form of acute 
pancreatitis, 


Patients and methods 

A total of 50 patients has been studied, 37 prospectively from 
1971 to 1976 and 13 from a retrospective study in the same 
hospital (Imrie, 1974). The diagnosis was based on the clinical 
presentation of severe abdominal pain, often associated with 
vomiting or large volumes of nasogastric aspirate. Some 
patients did not present with these classic features but were 
merely less well than would have been expected following 
surgery. Occasionally, patients presented with marked hypo- 
tension, postoperative renal failure or the respiratory 
insufficiency which accompanies acute pancreatitis. An 
elevation in serum amylase of not less than 1200 i.u./1 (normal 
70-300), with corresponding elevations in urinary amylase, 
was considered necessary for biochemical confirmation. In 3 
patients the diagnosis was only established at post-mortem 
examination. 

Management was based on a conservative regimen which 
has been previously fully described (Imrie and Blumgart, 1975). 
Routine arterial blood-gas analysis during the last 4 years of 
the study allowed early diagnosis of respiratory insufficiency 
and the institution of an appropriate supportive therapy 
(Ranson et al., 1974; Imrie et al., 1977a). 


Results 

The mean age of the 50 patients with postoperative 
acute pancreatitis was 51-0 years, of the 12 patients 
with post-traumatic pancreatitis 34-4 years and of the 
8 patients with post-investigative acute pancreatitis 
52-7 years. The combined incidence of postoperative 
and traumatic cases is summarized in Table I. The 
proportion of patients with acute  pancreatitis 
secondary to these causes was similar in the retro- 
spective (9-3 per cent) and prospective (8:2 per cent) 
studies with an overall incidence of 8-5 per cent. 
(Post-investigative acute pancreatitis has only been 
documented in the patients studied prospectively.) 


Postoperative acute pancreatitis 

The majority of the 50 patients (60 per cent) developed 
secondary acute pancreatitis as a postoperative 
complication with a mortality rate of 30 per cent 
(Table II). Of the 9 deaths, 5 were encountered in 10 
patients documented retrospectively while 4 occurred 
in the 20 patients studied prospectively. Acute renal 
failure, partly due to inadequate fluid replacement, 
was a common occurrence in the patients who died in 
the retrospective part of the study. From 1971 
onwards routine monitoring of hourly urine output in 
these patients, accompanied by greatly increased rates 
of intravenous infusion, almost eliminated the 
problem of acute renal failure. Only 2 of the 9 patients 
who died had previously experienced acute pancrea- 
titis. Both were among the prospectively studied 
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Table I: INCIDENCE OF SECONDARY ACUTE 


PANCREATITIS 
Primary Secondary Total Incidence 
Retrospective study 127 13 140 9.377 
(1960-70) 
Prospective study 324 29 353 82% 
(1971-6) 
Total 451 42 493 8-57; 


Postoperative and traumatic cases. 


Table H: CLASSIFICATION OF SECONDARY ACUTE 
PANCREATITIS (ALL CASES) 


Group No. Mortality 
Postoperative 30 9 (30-0%) 
Post-trauma 12 | (8352) 
Post-investigation 8 1 (12:522) 
Total 50 11 22:077 


Table HI: POSTOPERATIVE ACUTE PANCREATITIS 
No. Mortality 


Cholecystectomy 3 0 

Cholecystectomy + exploration common 7 2 
bile duct 

Cholecystectomy + exploration common 10 2 


bile duct -- sphincterotomy or 
sphincteroplasty 


Biliary bypass - other procedure 6 3 
Other 4 2 
Total 30 9 (30-094) 


patients and had recovered uneventfully from primary 
acute pancreatitis and then were readmitted to 
hospital for elective biliary tract surgery. Choledocho- 
lithotomy was required in each patient but the first 
case was complicated by local excision of an ampullary 
carcinoma and the second by retained common bile 
duct stones. 

Although 26 of the 30 patients who developed 
postoperative acute pancreatitis did so after surgery 
to the extrahepatic biliary system, only 10 of the 
instances followed routine biliary operations (chole- 
cystectomy with or without supraduodenal common 
bile duct exploration) (Table HD. Both patients who 
died had had supraduodenal exploration of the 
common bile duct and the operation was complicated 
by passage of Bakes’ dilators of greater than 3 mm 
diameter through the sphincter of Oddi. Indeed, 
during the 17 years of the study many hundreds of 
patients underwent routine biliary surgery and only 
the IO referred to developed acute pancreatitis post- 
operatively, whereas less than 50 were subjected to 
sphincterotomy or sphincteroplasty and 10 developed 
postoperative acute pancreatitis, of whom 2 died. 

Six patients developed acute pancreatitis following 
a biliary bypass procedure, with or without additional 
gastrointestinal anastomosis, and in this group there 
were 3 deaths. The deaths followed local resection of 
an ampullary carcinoma in 1 patient, and chole- 
cystojejunostomy in 2. 

Only 4 patients suffered acute pancreatitis following 
surgery not directly related to the biliary tract. Two 
of these patients died (one following a Billroth I 
partial gastrectomy with anastomotic leak, and the 
second patient 15 days after triple valve replacement 


had been performed for rheumatic heart disease). 
The remaining 2 patients suffered pancreatic trauma 
during elective surgery, one in the course of splenec- 
tomy and the other associated with a pancreatic 
biopsy. Both recovered, though the latter patient had 
a pancreatic fistula for several weeks. 


Post-traumatic acute pancreatitis 

All but one of these 12 patients had sustained blunt 
upper abdominal trauma. The exception was an 
unusual and complex case in which a knife wound 
caused damage to the lower common bile duct and 
head of the pancreas in a young man who was also 
found to have small stones in the common bile duct 
at laparotomy. 

Various forms of upper abdominal trauma were 
encountered in the remaining 11 patients; 6 were 
involved in road traffic accidents, 4 suffering injuries 
caused by impact with the steering-wheel. Two 
patients had trauma inflicted with a fist or boot and a 
further fell from a height, the brunt of the fall being 
taken by the upper abdomen. Five had a laparotomy 
soon after hospital admission but in none was 
excisional pancreatic surgery required. Five of the 
remaining 6 patients, who were initially managed by 
conservative methods, developed large retrogastric 
pancreatic pseudocysts which required surgical 
drainage. Four were successfully treated by internal 
drainage by cystogastrostomy while the only pseudo- 
cyst drained externally was associated with the death 
of the patient. 


Post-investigative acute pancreatitis 

Five patients of a total of 115 who underwent ERCP 
from 1974 to 1976 developed both clinical and bio- 
chemical signs of acute pancreatitis within 12h of 
the procedure. Careful screening resulted in an early 
diagnosis with the institution of active conservative 
management for each patient. None of the episodes of 
acute pancreatitis was severe. In one patient the 
pancreatitis responded well to treatment but the 
patient died following a pancreaticoduodenectomy 
for resection of a lower common bile duct cholangio- 
carcinoma performed 5 days later. At autopsy he was 
found to have evidence of continuing pancreatitis in 
the body and tail of the gland but, in addition, hepatic, 
pulmonary and renal pathology associated with 
septicaemia was present. 

Three patients of a total of 700 who underwent 
translumbar aortography (TLA) for peripheral 
vascular disease from 1974 to 1976 developed acute 
pancreatitis, and in all 3 severe epigastric pain was 
present very soon after the procedure. In one of these 
patients laparotomy was performed, despite gross 
hyperamylasaemia, because of concern that aortic 
dissection might account for the clinical presentation 
and biochemical findings. At laparotomy florid signs 
of acute pancreatitis with fat necrosis were present 
but there was no evidence of aortic extravasation of 
blood. In another patient extensive early flank 
staining occurred very close to the midline posteriorly, 
indicative of aortic extravasation caused by the direct 
needle puncture. This staining has a different distribu- 
tion from the more laterally placed Grey- Turner sign, 
occasionally seen in severe acute pancreatitis. All 3 
patients survived, although in each case severe hypo- 
calcaemia, associated hypoalbuminaemia and arterial 
hypoxaemia were recorded. 
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Prescribing Information 

Presentation. Temgesic Injection contains 0.3 mg/ml 
buprenorphine as the hydrochloride, in a 5% dextrose 
solution. It is a colourless liquid, in clear glass snap- 
ampoules of 1ml (0.3mg) or 2 ml (0.6mg). 

Uses. A strong analgesic for use in moderate and 
severe pain, in patients suffering from:- 


(1) pain while undergoing terminal care for malignancy; 


(ii) post-operative pain; 
(iii) post-myocardial infarction (N.B. See Further 
Information). 
Dosage and administration. Adults: The 
recommended dosage is 0.3 - 0.6mg by intramuscular 
or slow intravenous injection, repeated every 6 to 8 
hours or as required. Temgesic is not at present 
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recommended for administration to children. 

Contra- indications, warnings, etc. There are no 
absolute contra-indications. Occasionally Temgesic 
may cause respiratory depression, and care should 
therefore be taken when treating patients with 
impaired respiratory function. Because buprenorphine 
has antagonist properties, it may precipitate mild 
withdrawal symptoms in narcotic addicts, and it should 
be given with care initially to patients previously treated 
with narcotic analgesics. 

Temgesic may cause some drowsiness, and this could 
be potentiated by other centrally acting agents; hence 
ambulant patients should be warned not to drive or 
operate machinery if affected. Since Temgesic is 
metabolised in the liver, the intensity and duration of its 
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action may be affected in patients with impaired liver 
function. Until further information is available, Temgesic 
should be used with caution in patients receiving 
monoamine oxidase inhibitors, and it is not at present 
recommended during pregnancy. Temgesic Injection 
contains 50mg dextrose per 1 ml, but no sodium or 
potassium. 

Overdosage. Temgesic has a very wide safety margin, 
and clinical experience has shown that doses well in 
excess ofthose recommended can be administered 
without untoward effect. Should respiratory depression 
occur to a clinically undesirable degree, supportive 
measures should be used to maintain adequate 
ventilation and oxygenation. 

The effects of buprenorphine are not reversed by 





The outcome of a 17-year British research 
programme into the therapeutic potential of 
compounds with partial agonist action, 
Temgesic is both a strong analgesic and a 
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certain narcotic reversing agents, such as levallorphan 
and nalorphine. Naloxone is partially effective. 
Doxapram, a respiratory stimulant, administered in 

the recommended dose range either by repeated 
intravenous injection or by infusion, can be used to 
stimulate respiration. 

Side effects. Drowsiness, or sleep from which the 
patient can easily be aroused, occurs particularly in the 
post-operative period. Improved mood or mild euphoria 
has occasionally been observed. Infrequently 
respiratory depression may occur, and nausea, 
vomiting, dizziness and sweating have been reported 
in some ambulant patients. Constipation has not been 
reported. 


Dependence liability. The human and animal studies 
conducted indicate that buprenorphine has a 
substantially lower dependence profile than 
conventional centrally-acting analgesics. 
Pharmaceutical precautions. Temgesic Injection is 
stable, but should be kept cool and protected from light. 
Legal category. Prescription Only Medicine (P.O.M.). 
Package quantities. Package of ten ampoules 

(1ml or 2 ml). 

Further information. Temgesic is available on 
Monitored Release, during which period:- 

Temgesic Injection should be used post-operatively and 
following myocardial infarction only in institutions 
capable of dealing with respiratory failure and having 
facilities for controlled pulmonary ventilation. 


Product Licence numbers 
Temgesic Injection 1ml 44/0056 
TemgesicInjection 2ml 44/0057 
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Discussion 
It has been customary to separate reports of post- 
operative acute pancreatitis from those of primary 
acute pancreatitis because of the former's clearly 
defined aetiology and associated high mortality and 
morbidity rates (Thompson et al, 1957; Petersen et 
al., 1968; White et al., 1970; Imrie, 1974; Trapnell et 
al, 1974; Imrie and Blumgart, 1975; Ranson et al., 
1976). Similarly, acute pancreatitis occurring soon 
after upper abdominal trauma (Northrup and 
Simmons, 1972; White and Benfield, 1972; 
Balasegaram, 1976), or after ERCP (Cotton, 1972; 
Blackwood et al, 1973) has been considered separ- 
ately from the primary form of the disease. To these 
patients we have added a further group, namely those 
with acute pancreatitis occurring soon after TLA 
(Imrie et al., 1977b). We have considered this hetero- 
geneous group of patients under the single term of 
secondary acute pancreatitis. 

Postoperative acute pancreatitis has been considered 
‘a catastrophic and often fatal complication of biliary 
tract surgery’ (Thompson et al., 1957). Several other 
retrospective studies have revealed a high mortality for 
postoperative acute pancreatitis, especially following 
procedures to the ampulla of Vater (Cattell and 
Braasch, 1961; Warren, 1961; White et al., 1970). An 
increased risk of postoperative acute pancreatitis was 
found following the use of long limb T tubes (now 
considered dangerous for this reason), dilatation of 
the sphincter of Oddi using metal Bakes' dilators of 
more than 3 mm in diameter and the procedures of 
sphincterotomy or sphincteroplasty (Cattell and 
Braasch, 1961; Warren, 1961; White et al., 1970). 

Some reports suggest that sphincterotomy may be 
particularly hazardous (Keighley and Graham, 1973; 
Grapulin and D’Amico, 1974; Imrie, 1974), while 
others who more frequently use this operative approach 
to exploration of the common bile duct consider that 
the danger has been overestimated (Peel et al., 
1974; Stefanini et al, 1974; White and Harrison, 
1973). It has been postulated that surgical interference 
with the sphincter of Oddi predisposes to duodenal 
reflux with an increased risk of acute pancreatitis 
(McCutcheon, 1968). In the performance of sphinctero- 
plasty it has been suggested that catheterizing the 
pancreatic duct with a fine plastic cannula and leading 
this through the superior aspect of the duodenotomy 
to the abdominal wall prevents inadvertent over- 
sewing of the pancreatic duct and, in addition, may 
prevent postoperative duodenal reflux (White, 1976). 
However, the present study clearly demonstrates an 
increased risk of acute pancreatitis following 
sphincteroplasty, and we conclude that this approach 
should not be adopted in preference to supraduodenal 
common bile duct exploration for the removal of 
stones. In the rare instances where sphincterotomy or 
sphincteroplasty is found to be necessary in order to 
remove a stone impacted at the papilla of Vater, and 
particularly where previous acute pancreatitis has 
occurred, if is our usual practice to administer 
500 000 KIU of Trasylol intravenously during the 
procedure, as there is strong animal experimental 
evidence that this early administration minimizes the 
severity of acute pancreatitis (Grozinger et al., 1965; 
Haberland and Matis, 1967; Mackenzie and Imrie, 
1976). 

The majority of deaths from postoperative acute 
pancreatitis in our own retrospective study were 
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attributable to late diagnosis (Imrie, 1974). In the 
prospective study we screened 300 high risk patients 
and diagnosed acute pancreatitis in 10-15 per cent. 
The institution of early active conservative treatment 
has been associated with a lower mortality rate (20 per 
cent) than that found in the patients studied retro- 
spectively. However, it is not possible to make 
direct comparisons between retrospective and pros- 
spective studies in terms of mortality rates. This is 
especially so in the present situation, where an 
apparent absolute increase in mortality was found in | 
the patients studied prospectively. The increased | 
incidence of postoperative acute pancreatitis in these 
patients is a result of active screening of high risk 
cases. The only other prospective study to include 
patients with postoperative acute pancreatitis recorded 
7 deaths in 17 patients, a mortality rate of 41 per cent 
(Ranson et al., 1976). The percentage of cases in that 
series which developed postoperative acute pancrea- 
titis was 5-7 (17 of 300). This is remarkably similar to 
our own prospective study, where the incidence is 
5-5 per cent (20 of 361 patients). The emphasis which 
we have placed on early diagnosis and appropriate 
supportive therapy, especially directed towards the 
prophylaxis of acute renal and respiratory failure, 
indicates that lower mortality rates are possible and 
that this group of patients warrants greater attention 
in future. 

Previous episodes of acute pancreatitis are con- 
sidered to be an adverse prognostic factor in post- 
operative acute pancreatitis (Petersen et al., 1968). 
Two of the 9 patients who died had experienced 
previous primary acute pancreatitis and both came 
into the prospective phase of the present study, but 
neither received the prophylactic dose of intravenous 
Trasylol which we now routinely administer. Ful- 
minating acute pancreatitis complicated by septi- 
caemia occurred in each patient. 

An appreciable incidence of acute pancreatitis has 
been documented in a series of 182 autopsies per- 
formed in patients who had undergone cardio- 
pulmonary bypass (Feiner, 1976). She postulated 
that pancreatic ischaemia was the cause of acute 
pancreatitis. One patient in the present study died 15 
days after cardiopulmonary bypass performed for 
triple valve replacement surgery and, incidentally, 
was the only patient from 1971 onwards to com- 
pletely evade our screening procedure. Postoperative 
acute pancreatitis was diagnosed at autopsy where no 
evidence of biliary disease, parathyroid adenoma or 
other specific aetiological factor was found. 

There were only 12 patients in the post-traumatic 
group and none sustained severe injury to other organs. 
The low mortality for these cases is similar to that 
found by others (White and Benfield, 1972), and indeed 
of the 9 in the prospective phase of the study, there 
was no death. Early laparotomy, with pancreatic 
resectional surgery if required, should be performed 
in these patients, and the high incidence of late 
pseudocyst formation requiring surgical drainage 
recognized. 

Investigative procedures should ideally be associated 
with a minimal mortality and morbidity rate. In our 
study the only death following ERCP or TLA was 
due to postoperative septicaemia following pan- 
creaticoduodenectomy. The contribution of post- 
ERCP pancreatitis to this patient's death is difficult 
to define. The remaining 4 patients who suffered 
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pancreatitis as a result of ERCP had relatively mild 
attacks necessitating intravenous fluid support for 
only 48-72 h. This is in agreement with the findings of 
other workers (Cotton, 1972; Blackwood et al., 1973), 
although several deaths have been reported following 
retrograde pancreatography (Ammann et al., 1973; 
Ruppin et al., 1974). On the basis of radiographic 
evidence, overfilling of the pancreatic duct system 
has been considered to be a major factor in pan- 
creatitis occurring after ERCP, and we attempt to 
, avoid this during the examination. 

Recently we have documented acute pancreatitis 
occurring immediately after translumbar aortography, 
and we believe that this is associated with direct needle 
puncture of the pancreas (Imrie et al., 1977b). It is now 
our practice to aim for aortic puncture at the level of 
L2-L3 to minimize the risk of this infrequent but 
serious complication. 
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Abdominal tuberculosis in the 1970s: 


a continuing problem 
H. S. SHUKLA AND L. E. HUGHES* 


SUMMARY 

Eight cases of abdominal tuberculosis (5 indigenous and 
3 immigrants) treated in Cardiff in the 5-year period 
1972—6 were studied to determine clinical presentation, 
errors in diagnosis and usefulness of investigations. The 
heterogeneous presentation is reflected in the 7 types of 
lesion seen in the 8 cases. Anorexia and weight loss were 
present in all cases and abdominal colic and post- 
prandial discomfort were common. No patient had 
diarrhoea, constipation or intestinal obstruction. The 
clinical diagnosis was wrong 7 out of 8 times. Investiga- 
tions were unhelpful in the diagnosis and where a lesion 
was found on barium studies, a diagnosis of Crohn's 
disease or carcinoma was made. The same was true of 
the findings at laparotomy. 

The examinations most useful in the diagnosis were 
histopathological examination for caseation and demon- 
stration of acid-fast bacilli by alcohol and acid-fast 
tissue stains, or by a culture technique. The need for 
a greater awareness of abdominal tuberculosis, not only 
in immigrants but also in the indigenous population of 
Britain, is apparent. 


JosepH WALSH (1909) noted that it is impossible to 
diagnose abdominal tuberculosis with any degree of 
certainty. Unfortunately this remains true today, 
even in a situation where abdominal tuberculosis is 
relatively common (Das and Shukla, 1976). The 
incidence of abdominal tuberculosis in the western 
part of the world has fallen rapidly in the past few 
decades (Bockus, 1964). Its rarity in Britain (Logan, 
1969), associated with the similarity of hyperplastic 
ileocaecal tuberculosis to regional ileitis (Hoon et al., 
1950; Tandon and Prakash, 1972), leads to many 
mistaken diagnoses, This is adequately reflected in the 
report by the Research Committee of the British 
Thoracic and Tuberculosis Association (1971), which 
found that 20 per cent of patients who died from 
active infection were first diagnosed at post-mortem, 
the majority of these deaths being from pulmonary 
tuberculosis. For an early diagnosis greater awareness 
of tuberculosis is important, together with an apprecia- 
tion of its current frequency and modes of presenta- 
tion, and more so in those areas with a large immi- 
grant population. In this communication we examine 
the question of abdominal tuberculosis as it now 
presents in Britain in an area with a predominantly 
indigenous population. 


Patients and methods 
All patients with abdominal tuberculosis admitted to hospitals 
within South Glamorgan in a 5-year period between 1972 and 
1976 were included in this study. A retrospective analysis of the 
case records of these patients was made for clinical presentation, 
error in diagnosis and the usefulness of various investigations. 
There were 8 patients, 3 males and 5 females, with an age 
range of 23-68 years, the mean age being 43 years. The patients 
came from differing ethnic communities: Scots 1, Welsh 4, 
Indian 2 and Rhodesian African 1. One of the Indians and the 
Rhodesian African had come to Britain 1 year before presenta- 
tion and the other Indian 4 years before. The 8 patients 


exhibited 7 types of abdominal tuberculosis: ileal stricture, 
miliary tuberculosis of the abdomen, tuberculous mesenteric 
lymphadenitis, tuberculous ascites, hypertrophic ileocaecal 
tuberculosis (2), gastric tuberculosis and omental tuberculosis. 
Table I shows the clinical details of these patients. A close 
family history was present in only 2 patients. 


Discussion 

Eight cases of abdominal tuberculosis in 5 years do 
not indicate a common disease. The reported mortality 
statistics for Britain show 1261 deaths in 1974 due to 
tuberculosis of all types, 13 of these being due to 
abdominal tuberculosis. Recent reports (Kaufman 
and Donovan, 1974; Mandal and Schofield, 1976) 
relate the still persistent and apparently increasing 
incidence to the immigrant population. Five of our 8 
patients, however, were indigenous. Out of 98 cases of 
tuberculosis of all types in Glasgow, only 12 were 
immigrants (Wilson, 1976). 


Clinical features 

A cause of concern is that in only one of these patients 
was the preoperative diagnosis correct. The duration 
of symptoms of 1-12 months in 6 of the 8 patients was 
similar to that reported previously (Bhansali and 
Desai, 1968). Acute or chronic intestinal obstruction 
is considered to be the commonest presenting 
symptom of abdominal tuberculosis (Das and Shukla, 
1976). However, none of our patients presented with 
intestinal obstruction, which appears to be a rare 
presentation of abdominal tuberculosis in Britain, 
perhaps reflecting earlier medical attention. Neverthe- 
less, 6 patients had some form of colic, 

Two of our patients, those with tuberculous 
stricture of the ileum and with ileocaecal tuberculosis, 
were given the diagnosis of Crohn’s disease although 
diarrhoea was absent, and they were treated with 
salazopyrine and corticosteroids. Diarrhoea is present 
in only 10 per cent of cases of tuberculosis, but very 
commonly in Crohn’s disease. None of our patients 
had internal or anal fistulas. In Britain these are 
common in Crohn’s disease but are only rarely seen 
in tuberculosis (Logan, 1969). 

Anorexia and weight loss, present in all our patients, 
are common features of abdominal tuberculosis 
(Bockus, 1964). 

There are no pathognomonic physical signs in 
abdominal tuberculosis. In the majority of the patients, 
examination reveals an ill, undernourished and often 
anaemic individual. Six of our patients satisfied this 
clinical picture. Das and Shukla (1976) found tender- 
ness and abdominal distension as the most frequent 
signs in India (66 per cent and 58 per cent of cases 
respectively). Only one of our patients with tubercu- 
lous ascites had abdominal distension and none had 
tenderness. A ‘doughy’ feeling of the abdomen was not 
recorded in any patient, and this appears to be losing 
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Table 1: CLINICAL FEATURES 
Nationality and 


Case Profession Presenting symptoms Physical signs TB 
no. (Age/Sex) (Duration of illness) (Provisional diagnosis) elsewhere Final diagnosis Outcome 
1 Scottish Colicky abdominal pain, Thin, anaemia, massin None TB stricture of ileum Recovered 
Civil servant diarrhoea, fullness after RIF 
(53/F) meals, weight loss (Crohn’s disease) 
(24 mth) 
2 Welsh Right sided chest pain Thin, clubbing, coarse None Miliary TB, abdomen Died 
Miner limiting deep breath, crepitations base of included 
(51/M) anorexia, weight loss lungs, liver and spleen Hodgkin's disease 
(i mth) enlarged, pyrexia, 
haemoptysis 
(PUO) 
3 Welsh Vague cramp in abdomen Mass in RIF TB cervical Quiescent tuberculous Recovered 
School cleaner around umbilicus, (Crohn’s disease) lymph- mesenteric lymph- 
(40/F) nausea and occasional adenitis — adenitis 
vomiting, weight loss 
(12 mth) 
4 African Rhodesian Central abdominal pain, Fit man with abdominal None Ascitic tuberculosis Recovered 
TB laboratory night sweats, anorexia, distension 
technician weight loss (lleocaecal tuberculosis) 
(237M) (4 mth) 
5 Welsh Colicky pain right lower Anaemic, mass in RIF None Hypertrophic ileo- Recovered 
Commercial quadrant abdomen, (Carcinoma of caecum) caecal tuberculosis 
traveller anorexia, weight loss 
(68/F) (4 mth) 
6 Indian General malaise, weight — Anaemic liver 1 cm None Tuberculosis stomach Recovered 
Student loss, anorexia, upper (Gastric ulcer) 
(38/M) abdominal discomfort 
and haematuria 
(6 mth) 
7 Welsh Pain right lower chest, Friction rub right lower None Omental tuberculosis Recovered 
Clerk sterility, weight loss chest, mass lower 
(35/F) (1 mth) abdomen 
(Pulmonary embolism due 
to pelvic infection) 
8 Indian Pain lower abdomen, Thin, mass RIF None Heocaecal tuberculosis Recovered 
Housewife vomiting, postprandial (Duodenal ulcer, intermittent 
(41/F) distress, borborygmi, intestinal 
weight loss obstruction) 


(48 mth) 
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RIF, Right iliac fossa. 


importance as a clinical sign. None of our lymph 
node or bowel cases had manifest ascites, although this 
occasionally occurs (Bhansali and Desai, 1968). 


Investigations 

Haematology: Blood counts showed moderate degrees 
of anaemia and raised ESR estimations, which are 
typical changes for this condition (Hoon et al., 1950; 
Das and Shukla, 1976). The total white cell count was 
within normal limits, as it usually is. None of these 
patients had a differential count performed—a 
reflection of this era of haematological automation— 
yet a lymphocytosis, which occurs in one-third 
of cases, may be a valuable clue to the correct 
diagnosis. 

Mantoux test: The size of the reaction is important 
because patients with large reactions have a greater 
chance of having tuberculosis. The Mantoux test is not 
invariably positive (Dutta Gupta, 1958). In Britain, 
however, the Mantoux test is likelyto be positive except 
in miliary tuberculosis or the late stages of disease. Our 
sole patient with a negative Mantoux had miliary 
tuberculosis. 

Radiology: Chest X-ray does not help greatly since the 
incidence of pulmonary lesions may be as low as 3:7 
per cent (Sharma et al., 1972). The incidence probably 
varies with the population being studied, being as 


high as 70 per cent in some series (Hoon et al., 1950). 
The Manchester series showed less than 50 per cent of 
pulmonary lesions (Mandal and Schofield, 1976) 
while there was no pulmonary tuberculosis seen on 
X-ray in our cases. Barium studies are not likely to 
lead to a positive diagnosis because of the similarity 
of appearance between tuberculosis and Crohn's 
disease or carcinoma. 

Peritoneal biopsy: Punch peritoneal biopsy has been 
used for confirmation of the diagnosis in both ascitic 
and non-ascitic forms of tuberculosis. Varying success 
rates have been reported, up to 100 per cent (Levine, 
1968). Das and Shukla (1976) employed open peri- 
toneal biopsy from the right iliac fossa under local 
anaesthesia in more difficult cases and found it 
accurate in 11 out of 12 patients. This procedure 
should be considered where tuberculosis is suspected. 
Liver biopsy: Liver biopsy in tuberculosis may reveal 
non-specific changes of fatty degeneration (44 per cent), 
reticuloendothelial cell hyperplasia (34 per cent), 
cellular infiltration (9 per cent), fibrosis (20 per cent), 
changes of protein deficiency (13 per cent) and 
caseation necrosis (3 per cent) (Gambhir et al., 1972). 
Both the liver biopsies in our patients showed foreign 
body granulomas. 

Ascitic fluid: Ascites is exudative in character and is 
uncommon in Britain, but ascitic fluid with more than 


2-5 g/100 ml protein and 250 cells/mm? should be 
considered tuberculous (Taylor, 1945). 

Bacteriology: The diagnostic hallmark of abdominal 
tuberculosis is the presence of caseation or the 
demonstration of acid-fast bacilli (AFB) in tissue by 
AFB stain, culture or guinea-pig inoculation, since 
in the absence of these differentiation between Crohn's 
disease and tuberculosis is impossible. It is a common 
experience that anti-tubercular treatment alters this 
histology to a non-caseous granulation (Taylor, 1945; 
Anand, 1956). Seven of our 8 cases were diagnosed on 
the basis of the presence of caseation and AFB were 
demonstrated in the 6 patients examined. Das and 
Shukla (1975) demonstrated AFB in 8 per cent of 
tissues showing caseation, 40 per cent showing 
granuloma with giant cells and 45-5 per cent of 
tissues showing non-specific granuloma. 


Appearances at operation 

The diagnosis at operation of carcinoma of the 
caecum and Crohn's disease in 2 cases bears out the 
fact that there are no diagnostic features of abdominal 
tuberculosis on naked eye examination. The classic 
features of abdominal tuberculosis (Anand, 1956; 
Tandon and Prakash, 1972)—ileocaecal mass, ileal 
stricture or strictures, thickening of the intestinal 
wall, increased mesenteric fat and enlarged mesenteric 
lymph nodes and adhesions—are also common 
findings in Crohn's disease. Even tubercle-like lesions 
are sometimes seen on the surface of the intestine in 
Crohn's disease (Heaton et al., 1967). 


Conclusion 

Abdominal tuberculosis in its diverse forms still 
affects indigenous as well as immigrant populations in 
Britain. The differentiation of the common Crohn's 
disease from the rare abdominal tuberculosis is 
particularly important because corticosteroids are the 
mainstay of treatment in Crohn's disease but have 
harmful effects in tuberculosis. There are no une- 
quivocally diagnostic features clinically, radiologically 
or to the naked eye on examination of the abdominal 
viscera. Histologically, caseation, necrosis and/or 
demonstration of tubercle bacilli are the most 
important features, but biopsy or culture is often 
omitted. A continual awareness on the part of the 
clinician of the possibility of abdominal tuberculosis 
with peritoneal biopsy in doubtful cases, and routine 
biopsy and culture of surgical specimens, should avoid 
mistakes in diagnosis and treatment. 


Abdominal tuberculosis 
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A microsurgical technique for the creation of 


arteriovenous fistulas 


AVERIL MANSFIELD AND TIMOTHY COOKE* 


SUMMARY 

A new method for creating arteriovenous fistulas em- 
ploying microvascular techniques is described. It is 
proposed that this method should be used in problem 
cases where conventional means have failed or as a first 
procedure in cases in which technical problems are 
envisaged. A two-stage microvascular procedure has 
been used to create adequate fistulas in these difficult 
cases, Satisfactory fistulas have been formed in 15 out 
of 16 patients in whom these techniques have been used. 


IN 1966 Brescia and his colleagues described a method 
of creating artificial arteriovenous fistulas at the wrist 
employing a side-to-side anastomosis between the 
radial artery and the cephalic vein (Brescia et al., 1966). 
Since then access to the circulation for chronic haemo- 
dialysis has been improved. The success rate of this 
procedure is high and the morbidity low (Zerbino et 
al., 1974; Beven and Hertzer, 1975). Further uses have 
been found for this technique in the long term ad- 
ministration of cytotoxic drugs (Garrett, 1972). 

Modifications of the original technique have been 
made, but most workers are in agreement that the 
original Cimino-Brescia fistula gives the best results 
(Zerbino et al., 1974; Beven and Hertzer, 1975). 

In a small percentage of patients the formation of 
an adequate Cimino-Brescia fistula is impossible. 
The reasons for this include inadequate veins due to 
multiple venepunctures, especially after cytotoxic 
therapy or repeated shunt insertions. The arteries 
may be occluded by previous shunt insertions or by 
atherosclerosis. For these cases a variety of alternative 
procedures has been described, including proximal 
cephalic fistulas (Zerbino et al., 1974) and interposi- 
tion of autogenous vein or bovine heterograft between 
distal artery and proximal deep vein (May et al., 1969; 
Beven and Hertzer, 1975; Haimov et al., 1975). 

The autogenous saphenous vein or tanned bovine 
heterograft is anastomosed subcutaneously between 
artery and vein either as a loop or as a straight graft. 
The graft itself is cannulated to obtain access to the 
circulation. The thrombosis rate is high in both types 
of loop graft—less than 50 per cent patency at 1 
year using a saphenous vein graft. The results with 
straight grafts are superior, with patency rates of 100 
per cent at 1 year and 75 per cent at 2 years (Haimov 
et al., 1975). 

The high thrombosis rate is due in part to the 
repeated puncture of the grafts, whereas in radial- 
cephalic Brescia fistulas more sites are available for 
cannulation. Saphenous vein grafts are also associ- 
ated with false aneurysm formation at the points of 
cannulation or anastomosis (Beven and Hertzer, 
1975). Cloth prostheses have been used but are 
associated with a high rate of thrombosis and there 
are now reports of high infection rates in these 
grafts. 

In difficult cases and in those in which the formation 
of conventional fistulas has failed, a microvascular 
technique utilizing veins of 1-2 mm has been used by 


us to form adequate distal fistulas. In some patients 
this method has been used as the first part of a two- 
stage procedure. 


Patients and methods 

When forming a conventional Cimino-Brescia fistula an 
artery and vein are anastomosed side to side. Two vessels 
which are reasonably close together and of approximately 
equal size are used: 6/0 or 7/0 suture material can usually be 
employed. 

When a microfistula is to be formed, the artery is frequently 
of normal size and the vein is between 1 and 2 mm in diameter. 
The vessels are prepared by carefully removing the adventitia 
using a microsurgical technique. Mobilization is carried out 
until the vessels can be approximated without tension. This is 
the most important part of the technique. The end of the vein 
is anastomosed. to the side of the artery, or a side-to-side 
anastomosis can be formed. When the end of the vein is to be 
used it is cut obliquely. The opening in the artery is made 
slightly smaller than the length of the edge of the vein to be 
joined to it. 

In order to allow the fistula to increase in size in succeeding 
days and weeks it is most important to employ interrupted 
suturing for at least half of the anastomosis. In an end-to-side 
anastomosis it is difficult to place interrupted sutures in the 
back wall, and we have found it to be quite satisfactory to 
place a continuous suture in the posterior wall and interrupted 
sutures in the anterior wall. The knots must always be on 
the outside. 

A wide variety of sutures is available for microvascular 
surgery and the authors have used several types. The material 
which we have found to be superior to the others for this 
anastomosis is 10/0 Ethilon on a 4mm needle. A Zeiss 
operating microscope has invariably been used. 

When the clamps are removed a pulsatile flow is immediately 
found in the small vein and this flow steadily increases. 


Patients 
Between 1968 and 1976, 121 patients, aged between 7 and 79 
years, presented requiring arteriovenous fistulas. A total of 136 
fistulas was formed; details of the patients are shown in 
Table I. 


Table I: DETAILS OF PATIENT SERIES 
Why fistula required 


No. of Cytotoxic 

patients Haemodialvsis therapy 
Male 66 56 (3) 10 
Female 55 42 (5) 13 (8) 
Total 121 98 23 





Numbers in parentheses are the patients who had fistulas 
formed by microsurgical technique. 


The majority of fistulas created were side-to-side or end-to- 
side radial-cephalic fistulas. There were 3 brachial-cephalic 
fistulas, 2 of which employed interposed saphenous vein. The 
results and morbidity of these procedures were similar to those 
found in other series, with a failure rateof 10 percent (Kuruvila 
and Beven, 1971; Cohn and Solit, 1973; Beven and Hertzer, 
1975). 

———— € ——————ooÓ——— A MÀ 
* Correspondence to: A. O. Mansfield, 41 Rodney Street, 
Liverpool, L1 9EN. 
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Fig. 1. a, A diagrammatic representation of a microvascular fistula. b, A completed fistula showing the interrupted sutures of 


the anterior anastomosis. 


Sixteen patients had 20 microvascular fistulas formed 
using this technique. In the total series of 121 patients, the 
proportion of women was 45 per cent, but in the group 
requiring microfistulas, the proportion of women was much 
higher, accounting for 13 out of the 16. Patients undergoing 
cytotoxic therapy required microvascular techniques relatively 
more frequently than those undergoing dialysis. 

Five patients had microvascular fistulas formed after the 
failure of conventional fistulas, in 1 case after thrombosis 
in a saphenous vein interposition. Three patients underwent a 
two-stage procedure, with the formation of a microvascular 
fistula followed after an interval of 6-8 weeks by the formation 
of a conventional fistula proximal to the first. Eight micro- 
fistulas were created as primary procedures. 


Results 
In only one patient was there failure to establish a 
satisfactory fistula. This patient with myeloblastic 
leukaemia had a white cell count of 8 x 10?/l. In this 
patient two microfistulas failed due to thrombosis 
following severe cellulitis. Infection did not prove a 
problem in other patients having cytotoxic therapy. 
Failure was due to thrombosis in 2 patients having 
microfistulas as a primary procedure, but a second 


microfistula was successfully established in each 
patient. 
The 3 patients undergoing two-stage procedures 


had particularly poor veins, but the establishment of 


a microfistula and the arterialization of the venous 
system allowed the formation of an adequate fistula 
after an interval of 6-8 weeks. In 1 case the second 
fistula again necessitated the use of microvascular 
techniques. 

Fifteen patients have had successful fistulas created 
by the microvascular technique (Table II). The haemo- 
dynamic performance of these fistulas is comparable 
with that of conventional Cimino-Brescia fistulas, 
although a longer interval is usually required between 
the formation and dialysis than with a larger anasto- 
mosis. 

Fig. 2 shows an infrared photograph demonstrating 
the result produced by a microvascular fistula in a 
17-year-old girl requiring chemotherapy for Hodg- 
kin’s disease. 


Discussion 
The Cimino-Brescia radial-cephalic arteriovenous 
fistula gives excellent access to the circulation for 





Fig. 2. Infrared photo showing the effect of a microvascular 
fistula in a patient with Hodgkin's disease. 


haemodialysis and cytotoxic therapy but in a small 
number of patients there can be technical difficulties 
in performing this operation. There were 16 such 
patients in our series of 121 requiring fistulas. These 
problems are more marked in women who have 
smaller veins and in patients undergoing cytotoxic 
therapy which results in venous damage. 

There have been more than twenty procedures pro- 
posed for these difficult cases, which indicates that 
there is not one wholly successful technique. 

The microvascular technique reported here pro- 
vides a reliable method for forming adequate fistulas 
in problem cases. The results and morbidity are 
comparable with those of conventional fistulas. 
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Table I: DETAILS OF 16 PATIENTS WITH A FISTULA CREATED BY MICROVASCULAR TECHNIQUE 


Case 
no. 


1 


no 


10 


Age 

Sex (vr) 
F 64 
F 32 
F 31 
F 60 
F §3 
M 40 
F 30 
M 28 
F 35 
F 35 
F 73 
F Ly 
F 36 
F 79 
M 36 
F 31 


Diagnosis 


Myeloid 
leukaemia 


Myeloblastic 
leukaemia 


Acute 
leukaemia 


Acute myeloid 


leukaemia 


Hodgkin's 
disease 
Renal failure 


Renal failure 


Renal failure 


Renal failure 


Renal failure 


Leukaemia 


Renal failure 


Renal failure 


Aplastic 


anaemia for 


transfusion 


Renal failure 


Leukaemia 


Technique 


Radial artery to vena commitans, 
side to side 


1. Right wrist; radial artery to 
vena commitans, side to side 


2. Left wrist; radial artery to vena 
commitans, end to side 


Radial artery to vena commitans, 
side to side 


1. Conventional Cimino-Brescia 
fistula 

2. Radial artery to 1 mm vein, end 
to side 


Radial artery to anterior vein, side 
to side 


Radial artery to venae commitantes 


Small radial artery to venae 
commitantes, side to side 


First stage, ulnar artery to 1 mm 
vein, side to side. 

Second stage, ulnar artery to 
arterialized vein side to side, 
3 cm above first fistula 


Left radial artery to: 
(1) Venae commitantes. 
(2) Reanastomosis with endarter- 
ectomy side to side. 
(3) Right radial artery to venae 
commitantes, end to side 


First stage, radial artery to venae 
commitantes, side to side 

Second stage, radial artery to 
arterialized vein, side to side, 
proximal to first fistula 


Radial to venae commitantes, end to 
to side 


Radial artery to venae commitantes, 
end to side 

Radial artery to 2 mm vein 

|. Right radial artery to large vein, 
Cimino- Brescia fistula 

2. Left radial artery to venae 
commitantes, side to side 


1. Left Cimino- Brescia fistula 


BO 


. Ulnar artery to | mm vein, end 
to side 


First stage, radial artery to 2 mm 
vein, end vein to side artery 

Second stage, side-to-side radial 
artery to arterialized vein 


Materials 


10/0 Ethilon 


10/0 Ethilon 


10/0 Ethilon 


10/0 Ethilon 


6/0 Ethilon 
10/0 Ethilon 


10/0 Ethilon 


7/0 Tevdek 


7/0 Tevdek 


10/0 Ethilon 


10/0 Ethilon 


6/0 Ethiflex 
7/0 Tevdek 


10/0 Ethilon 


10/0 Ethilon 


10/0 Ethilon 


10/0 Ethilon 


7/0 Tevdek 


10/0 Ethilon 
6/0 Ethiflex 
10/0 Ethilon 


6/0 Ethiflex 


10/0 Ethilon 


10/0 Ethilon 


6/0 Ethiflex 


Result 


Satisfactory fistula despite 
fragile veins 

Thrombosis following 
cellulitis; white cell 
count 8 x 10°/1 

Functioning fistula failed 
after infection 


Satisfactory fistula 


Failed 


Satisfactory fistula 
Satisfactory fistula 


Satisfactory, but died 4 
months later 


Satisfactory fistulas 

2-month interval between 
procedures 

Radial arteries damaged 
by previous shunts, 
good results 


Calcified artery, good 
flow for only 4 days 
Good flow initially but 
failure at 2 weeks 
Good result 


Difficult haemostasis but 
good result 


Good result 
Good result 


Good result 


Failed at 2 months 


Good result 


Thrombosis after 3 years, 
unsuccessful vein grafts 
and thrombectomy 

Good result 


6-week interval 


Good result 








In our opinion, before resorting to saphenous vein 
loops in the forearm or other methods of arterio- 
venous fistula formation in the small percentage of 
difficult cases, an attempt should be made to establish 
a micro-arteriovenous fistula. In these patients it is 
sometimes possible, by means of a micro-arterio- 
venous fistula formed as a first stage, to dilate the 
superficial veins sufficiently to form a conventional 
Cimino-Brescia side-to-side fistula 6-8 weeks later. 
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SUMMARY 
Results are reported for 172 anastomoses below the 
popliteal artery in patients almost exclusively suffering 
from severe distal ischaemia with an in-hospital mor- 
tality of 7-6 per cent. The patency rate in survivors 
was 83 per cent on discharge and 39 per cent at 3 
years. 

There were 37 major amputations following 172 
operations and 15 following 47 operations on diabetics. 


As most of the patients would have lost their limbs if 


arterial repair was not undertaken this constitutes a 
considerable salvage rate. 

Diabetes mellitus does not appear to influence the 
results unfavourably, so patients suffering from this 
disease should be considered for operation. 


THE femoropopliteal vein graft has become a widely 
accepted method of treatment of occlusive vascular 
disease of the lower limb. Unfortunately, many 
patients suffering from distal ischaemia do not have 
a popliteal artery suitable for attachment of the graft, 

In 1966 the authors began extending grafts to the 
vessels beyond the popliteal bifurcation in those 
patients with distal ischaemia who had suitable distal 
vessels, Results of these procedures have been re- 
ported previously (Noon et al, 1969: Tyson and 
Richle, 1972; Imparato and Haveson, 1974). This 
paper is a further report on the results that may be 
expected in the longer term. 


Patients and methods 

This report concerns 172 operations of this type which have 
been performed on 48 female patients and 124 male patients. 
The average age was 67. Forty-seven operations were on 
diabetics. 

All but 12 operations were performed for distal ischaemia 
(rest pain unresponsive to sympathectomy, intractable ulcera- 
tion or gangrene). The exceptions comprised 5 operations 
for popliteal aneurysm and 7 for severe and distressing 
claudication, 

Autogenous vein was used in all instances, taken from 
either the arm or leg. Any vein of less than 4 mm internal 
diameter as measured with a dilator was discarded. Lengths of 
vein from different sources were frequently joined if this was 
necessary to obtain a sufficient length. Usuallv, the proximal 
anastomosis was made to the femoral or superficial artery as 
low as was permitted by proximal arterial disease. Sometimes 
the proximal anastomosis was made to a vein graft inserted 
some time before. The distal anastomosis was made to a 
suitable segment of one of the three vessels in the lower leg 
(anterior tibial artery, 55: posterior tibial artery, 75; peroneal 
artery, 36; unstated, 6). This was usually in the lower half of 
the limb. 

The grafts were passed deep into the leg, as near as possible 
to the course of the normal arterial supply, by a tunnelling 
process. The suture material used was 5/0 siliconized Dacron 
for the upper anastomosis and 6/0 for the lower. Magnifying 
lenses were used at times. Sympathectomy was performed 
either during or before grafting on 86 occasions. 
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Fig. 1. Overall results in terms of graft patency and 
in-hospital mortality. 


Results 

Fig. 1 summarizes the results in terms of patency of 
the grafts and shows an in-hospital mortality of 
7-6 per cent compared with a mortality of 1-1 per 
cent previously reported for femoropopliteal bypass 
(Ferguson et al, 1970). Fig. 2 shows the results in 
terms of patency in those patients who have not 
died or been lost to follow-up. It can be seen that 
the patency rate seems to level out to approximately 
one-third of all grafts after about 3 years. The results 
in patients suffering from diabetes are shown in 
Figs. 3 and 4. 

Thirty-seven major amputations were necessary in 
the group as a whole. Eighteen of these amputations ` 
followed immediate graft blockage before discharge 
from hospital. Amputation following operation was 
required for 15 limbs among the 47 diabetic patients. 


* Correspondence to: 545 St Kilda Road, Melbourne 3004, 
Australia. 
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Fig. 2. Overall results in survivors traced for follow-up, given 
in terms of patency as a percentage of those available for 
study, — 


On 22 occasions sympathectomy had been performed 
before amputation, 


Discussion 

Although there is a natural tendency to assess the 
results of reconstructive arterial surgery in terms of 
patency of the repair, this is not the best measure of 
the success of the procedure. The objective of this 


B type of operation is to preserve the limb, and the 


procedure is a success if this is achieved. We have 
Observed that long term limb salvage may be obtained 
in spite of graft occlusion provided that the graft 
remains patent for several months or more. Others 
have noted the same phenomenon (Noon et al., 1969; 
Taylor, 1971). 

Only 37 of this group of patients required major 
amputations. Eighteen were in patients whose repair 
failed at the outset, so there were only 19 major 
amputations resulting from late graft failure. We 
believe that the amputation rate in this group of 
patients would have been much higher had the 
arterial repair not been undertaken. 

Sympathectomy, performed either before or con- 
currently with direct arterial surgery, does not appear 
to have been responsible for the low amputation rate, 
It does not seem to have influenced the final outcome 
of the disease at all in this group of patients. 

The proportion of diabetics (47 of 172 patients) in 
this series is higher than that of 28 among 178 
reported in a previous study of femoropopliteal 
grafts (Ferguson et al, 1970). This may reflect the 
more diffuse nature of atherosclerosis in diabetics. 
The patency rate in diabetics is not significantly 
different from that in non-diabetics (Fig. 3). 

Fifteen of the 37 major amputations were in dia- 
betics—a figure higher than might have been expected, 
but the difference is not statistically significant. From 
the above results it seems clear that the operation is 
indicated, regardless of the presence of diabetes in 
otherwise suitable patients. 

Angiography in patients with distal ischaemia 
should be so designed as to show the state of the 
vessels of the lower leg and foot. (Anastomoses as far 
distal as the dorsalis pedis have been successful in 
our hands.) 
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Fig. 3. Results in 47 diabetic patients in terms of graft 
patency and in-hospital mortality. 
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Fig. 4. Results among diabetic patients given in terms of 
patency as a percentage of those available for study. 


Before undertaking operations of this kind the 
surgeon should be aware that immediate failure of 
the graft is likely to bring about occlusion of the 
vessel to which the distal anastomosis is made, and 
where this is the only vessel present in the distal limb 
the result will be an increase in the severity of the 
ischaemia. This is a justifiable risk where the only 
alternative is amputation, but it is a consideration of 
vital importance in dealing with any lesser degree of 
ischaemia. 
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Amylase thermolability as a screening test for 


pancreatic pseudocysts 


L. A. DONALDSON, M. J. BRODIE, W. B. McINTOSH AND S. N. JOFFE* 


SUMMARY 

Amylase thermolability was determined by heating 
sera from control patients and patients with acute 
pancreatitis and pancreatic pseudocysts at 65°C for 
15 min. Normal serum amylase was 44 per cent thermo- 
labile, but increased to 84 per cent thermolability 
during the hyperamylasaemia of acute pancreatitis, and 
returned to normal on resolution of the pancreatitis. In 
9 patients with a pancreatic pseudocyst, although the 
total amylase level had almost returned to normal 
limits, 79 per cent of the amylase remained thermo- 
labile. Amylase thermolability appears to be a simple 
screening test for pancreatic pseudocyst formation 
secondary to acute pancreatitis. 


CONTRAST radiology, ultrasonography and endoscopic 
retrograde pancreatography often confirm the presence 
of a pancreatic pseudocyst after acute pancreatitis. 
These procedures are not always available nor 
acceptable for routine screening of patients for the 
development of a pancreatic pseudocyst after the 
early symptoms of acute pancreatitis have abated. 

The serum amylase is elevated in only half the 
patients with a pancreatic pseudocyst (Warren et al., 
1966; Becker et al., 1968; Grace and Jordan, 1976), 
and fluctuates markedly on serial estimations 
(Sankaran and Walt, 1975). Using the principle of 
thermolability, it has been shown that more than 
99 per cent of the amylase activity in saliva or 
pancreatic juice is thermolabile and destroyed by 
heat (Warshaw, 1974). In normal serum 44 per cent 
of the amylase is thermolabile. This thermolabile 
fraction is considerably increased during the hyper- 
amylasaemia of acute pancreatitis, but returns to 
normal on resolution of the pancreatitis (Donaldson 
et al., 1977). 

We noted that one patient had a persistently 
elevated thermolabile fraction in the presence of a 
normal serum amylase level, and this patient was 
subsequently shown to have developed a pancreatic 
pseudocyst (Fig. 1). This led us to undertake the 
present study, which reports the serum amylase 
thermolability in patients with pancreatic pseudo- 
cysts secondary to acute pancreatitis. 


Patients and methods 

Serum was obtained from 23 patients who had no clinical or 
biochemical evidence of pancreatic, salivary or hepatic disease 
and from 34 patients with acute pancreatitis, both in the acute 
phase (20) and during resolution, when the serum amylase 
returned to normal (14). The diagnosis of acute pancreatitis 
was made on history and on the typical clinical features in 
association with a raised serum amylase level in excess of 
1200 i.u./1 (Imrie, 1974). A total of 65 samples of sera were 
collected on separate days from 9 patients who had had a 
recent attack of acute pancreatitis and who were suspected of 
having a pancreatic pseudocyst. The serum was taken during 
investigations, conservative management or before laparotomy. 
The clinical diagnosis of a pancreatic pseudocyst was later 
confirmed by a barium meal examination, ultrasonography 
and/or laparotomy (Table 1). 
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Fig. 1. Serum amylase and amylase thermolability in a 
patient with acute pancreatitis who subsequently developed 


pseudocyst of the pancreas. 
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Fig. 2. Mean percentage thermolabile amylase in the sera of 
control patients and patients with acute and resolved 
pancreatitis and pancreatic pseudocysts. The thermolabile 
amylase is significantly elevated during acute pancreatitis 

( P«:0:001) and in patients with pseudocysts (P< 0-001), but 
returns to near normal with resolution of the acute 
pancreatitis. 
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Table I: CLINICAL AND INVESTIGATIVE FINDINGS IN 9 PATIENTS WITH A PANCREATIC PSEUDOCYST 





Diagnosis confirmed by Mean total | Mean 5, 
Age Mass EE z amylase No. of amylase 
(yr) Sex palpable Barium meal Ultrasonography Laparotomy (1.u./1) samples thermolability 
58 F Yes Yes Yes Not done 335 18 75 
34 M Yes Yes Yes Not done 640 10 90 
68 F Yes Yes Yes Pseudocyst 322 10 70 

slough* 

47 M No Inconciusive Yes Not done 280 8 80 
40 M No inconclusive Yes Pseudocyst 277 6 86 
42 M Yes Yes Yes Pseudocyst 464 5 80 
61 F Yes Yes Not done Pseudocyst 325 4 81°5 
45 M No Inconciusive Yes Not done 616 3 89 
60 F Yes Yes Not done Pseudocyst 298 1 85 


* Small pseudocyst with necrosis of the pancreas. 
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Fig. 3. Percentage thermolabile amylase activity in the sera 
of 23 controls and in 65 serum samples collected on separate 
days from 9 patients with pancreatic pseudocysts. 


The amylase level was measured using the Phadebas amylase 
kit (Pharmacia Ltd); the normal serum range is 70-300 i.u./l. 
Serum was heated at 65 °C for 15 min, allowed to cool slowly 
and the amylase level re-estimated. The amylase activity 
destroyed by heating was referred to as the thermolabile 
amylase and this was expressed as a percentage of the total 
amylase. Statistics were analysed using Student's ¢ test and the 
Mann-Whitney U test. 


Results 
The mean serum amylase thermolability was 44 per 
cent (range 32—66 per cent) in control patients. During 
the acute phase of acute pancreatitis the fraction of 
thermolabile amylase increased to 84 per cent (range 
58-98 per cent) (P 0-001). With resolution of the 
acute pancreatitis the percentage thermolabile amylase 
returned to 55 per cent (range 31-67 per cent), which 
was not significantly different from the control 
(P « 0-05), as shown in Fig. 2. 

In the 9 patients with pancreatic pseudocysts, the 
mean total amylase was 411 i.u./l, with a mean 


opes E OOO 


percentage amylase thermolability of 79 per cent 
(range 50-98 per cent) (Fig. 2), and this was signifi- 
cantly higher than the values obtained in the controls 
(P « 0-001). The distribution of both groups is shown 
in Fig. 3. 

One patient who was found at laparotomy to have 
a small pseudocyst with considerable necrosis of the 
pancreas had a mean amylase thermolability of 70 
per cent, with the lowest three points on the scatter- 
gram (Fig. 3). In 4 patients who did not undergo a 
laparotomy, the mean percentage thermolabile 
amylase returned to normal with resolution of the 
pseudocyst as shown by ultrasonography. At the 
present time no patient has presented with a per- 
sistently raised total or thermolabile amylase following 
an attack of acute pancreatitis without showing the 
formation of a pseudocyst. 


Discussion 
The incidence of pseudocyst formation after acute 
pancreatitis varies from 2 to 5 per cent (Rosenberg et 
al, 1969; Trapnell, 1971; Imrie and Whyte, 1975). 
Further investigations using ultrasonography and 
pancreatography have shown that 6-23 per cent of 
these cysts are multiple (Anderson, 1972; Sankaran 
and Walt, 1975; Duncan et al., 1976). The diagnosis 
of a pancreatic pseudocyst is usually based on a history 
of acute pancreatitis in association with an abdominal 
mass (Becker et al, 1968); however, an abdominal 
mass is only found in about half of the cases (Warren 
et al., 1966; Becker et al., 1968: Sankaran and Walt, 
1975; Grace and Jordan, 1976; Karatzas, 1976). 
Abdominal pain is always present, but the severity can 
vary. Barium meal examination usually shows 
evidence of external pressure on the stomach or other 
organs but identification of the pseudocyst is 
dependent on several factors, including its site and size. 
The value of ultrasonography in the diagnosis of 
pancreatic pseudocysts has recently been emphasized 
by Duncan et al. (1976), and it would appear to be of 
particular use in the diagnosis of small pseudocysts. 
The serum amylase is moderately elevated in 33— 
78 per cent of patients with a pancreatic pseudocyst 
(Warren et al., 1966; Becker et al., 1968; Sankaran 
and Walt, 1975; Grace and Jordan, 1976: Karatzas, 
1976). Salt and Schenker (1976), in a review of the 
clinical significance of the serum amylase, found 
hyperamylasaemia in a large number of unrelated 
abdominal conditions, indicating that a raised serum 
amylase level in association with abdominal pain is 
probably of limited clinical significance. The mean 


Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly. 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 

2. Lancet (1975) 4, 1251 








cephaloridine 


Glaxo 


Full prescribing information on Ceporin (trade mark) is available from: Glaxo Laboratories Ltd, Greenford, Middlesex UB6 OHE 


Br. J. Surg. Vol. 65: June 1978 


XXVi 


FOR USE IN COMPRESSION 
SCLEROTHERAPY :— 


S.T.D. 
INJECTION 


— 397, SODIUM TETRADECYL SULPHATE — 


ACCESSORY PRODUCTS FOR 
USE IN THIS TECHNIQUE:— 


COMPRESSION PADS eats 


S.T.D. 
COMPRESSION STOCKINGS 


S.T.D. 
COMPRESSION BANDAGES 


Catalogue available 


(S.T.D. PHARMACEUTICAL | 
PRODUCTS LTD. : 


6 & 7 BROAD STREET 
HEREFORD 





Br. J. Surg. Vol 65: June 1978 


serum amylase level was elevated in 6 of our 9 patients 
with a pancreatic pseudocyst, but the mean percentage 
amylase thermolability in the pseudocyst patients was 
79 per cent. Overlap did occur between the groups, 
but only involved a small number of sera samples 
(Fig. 3) which were collected from one patient who 
had a small pseudocyst on ultrasonography confirmed 
at laparotomy. In contrast, in patients with uncom- 
plicated acute pancreatitis the amylase thermolability 
returned to normal within the first week. 

Amylase thermolability is a simple laboratory test. 
The results presented suggest that it is a suitable 
screening investigation in all patients with acute 
pancreatitis and would offer a method of assessing the 
resolution of the disease or the development of a 
pseudocyst. Further investigations, including barium 
studies and ultrasonography, would be indicated in a 
patient with acute pancreatitis whose amylase thermo- 
lability remained greater than 70 per cent in the 
presence of a normal or minimally elevated serum 
amylase level. Care must be taken in using routine 
endoscopic retrograde pancreatography for the 
investigation of pancreatic pseudocysts as this 
procedure can infect the pseudocyst if there is a 
communication with the duct. 
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Pneumoperitoneum following hernia repair 


A. K. HALSALL AND E. A. BENSON* 


SUMMARY 

In a small series of 20 consecutive patients it proved 
impossible, using conventional radiography, to detect 
free intraperitoneal air following herniorrhaphy. 


A PNEUMOPERITONEUM is an important radiological 
finding in the acute abdomen, but it is also encoun- 
tered in circumstances not requiring urgent surgery. 
Thus, air must inevitably be introduced at laparotomy 
and is often demonstrable on postoperative radio- 
graphs (Bevan, 1961). Indeed, Felson and Wiot (1973) 
showed that 58 per cent of laparotomy cases had a 
significant pneumoperitoneum, which was maximal 
at 48 h. Intraperitoneal gas has also been demonstrated 
following grid-iron appendicectomy and in 20 per cent 
of cases after peritoneal dialysis (Svetivlas and 
Tannenburg, 1971). It is possible to detect as little as 
1 ml of gas (Miller, 1973). 

Hernia repair constitutes a major part of any 
surgeon's work, and during excision of the sac the 
peritoneal cavity is opened. Surprisingly, however, 
little information exists concerning pneumoperitoneum 
after herniorrhaphy. We were able to find only one 
reference in the literature; Harrison et al. (1957) 
recorded 1 pneumoperitoneum after 32 hernia 
repairs. 

As the result of a clinical problem (see below) we 
were stimulated to investigate whether pneumo- 
peritoneum after hernia repair did occur, and if so, 
how frequently. 


Case report 
An 84-year-old man with a 12-year history of duodenal ulcera- 
tion was admitted as an emergency with a large irreducible 
inguinal hernia. This was explored, the contents of the sac 
were found to be viable and reduced, the sac was excised and a 
repair performed. Five days later the patient developed upper 
abdominal pain and vomiting. The only abnormal finding 
was epigastric tenderness. Plain radiographs of the abdomen 
showed a sliver of free gas under the right diaphragm, but in 
view of the mild clinical signs this was discounted. It was 
assumed that the pneumoperitoneum resulted from his hernia 
repair, and he was treated medically as for an exacerbation of 
his duodenal ulcer. However, his condition deteriorated and 
within 24h he had developed upper abdominal guarding and 
rebound tenderness. Emergency laparotomy was performed, 
at which a perforated duodenal ulcer was found and oversewn. 
In retrospect we felt that an unnecessary delay in proceeding 
to laparotomy had resulted from our misinterpretation of the 
significance of the pneumoperitoneum, and we decided to find 
out if free intraperitoneal gas did in fact occur after hernia 
repair. 


Patients and methods 

In 20 patients who had undergone hernia repair where the sac 
had been opened the abdomen was radiographed 48 h post- 
operatively, the patient having stood erect for 5 min before the 
radiographs were taken. All the films were then reviewed by 
one radiologist who was asked specifically if he could detect 
any free gas. Of the hernias, 18 were inguinal (including 2 
sliding hernias) and 2 were femoral. The sac was opened in all 
cases, remaining open for only a few seconds in the smaller 
ones but for some minutes in the larger and sliding hernias. 
No pneumoperitoneum could be detected in any of the 20 
radiographs. 


Discussion 

From other studies (Harrison and Litwer, 1957; 
Bevan, 1961) it has been shown that the optimum 
time to detect a postoperative pneumoperitoneum is 
at 48 h. Providing that the patient has stood erect for 
5 min any free gas within the peritoneum will have 
collected beneath the diaphragm, and will be detected 
by routine plain abdominal radiographs. In view of 
the high incidence of pneumoperitoneum following 
laparotomy this sign does not necessarily influence 
decisions on the diagnosis and management of post- 
operative complications. However, a pneumoperi- 
toneum does not occur following hernia repair, 
despite opening the sac, and consequently its presence 
in a patient who has had a hernia repair should be 
regarded as indicating a serious intra-abdominal 
complication. 
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A method of treating post-irradiation rectovaginal 


fistulas 


A. G. PARKS, C. L. O. ALLEN, J. D. FRANK AND J. F. McPARTLIN* 


SUMMARY 

A sphincter-saving operative method of treating post- 
irradiation rectovaginal fistulas is presented. The 
technique involves the peranal anastomosis of healthy 
colon to the mid-anal canal using a ‘sleeve’ anastomosis. 
Four patients have been treated with cure of the fistula 
and a return to normal bowel habit. A fifth, with an 
irradiation ulcer causing intractable pain, also obtained 
complete relief of symptoms. 


SINCE radiation was first used in the treatment of 
carcinoma of the cervix in the early part of this 
century, it has been recognized that unfortunate 
long term sequelae can occur in adjacent tissues. 
Among these, the occurrence of a rectovaginal fistula 
has proved to be one of the most difficult to treat. 
When the primary gynaecological lesion has been 
cured, the usual method of treatment has been to 
give the patient a permanent colostomy. In this paper, 
we discuss an operative technique which closes the 
fistula, relieves the symptoms and restores normal 
bowel function. 


Pathology 

Squamous cell carcinoma of the cervix is a commonly 
occurring tumour, and radiotherapy has been used 
in the treatment for many years. The techniques of 
irradiation have changed considerably since the early 
days of vault and intracavity radium and the limits 
of tissue tolerance and safe dosages are now better 
understood. However, the distance between the cervix 
and vaginal vault and the rectal mucosa is only about 
4 mm, and with the most accurate modern methods, 
some irradiation of the rectum is inevitable. 

Füth and Ebeler in 1915 first reported rectal 
damage following pelvic irradiation. Buie and Malm- 
gren in 1930 reported 65 cases of factitial proctitis 
following radium therapy to the uterus, and in the 
following decade there were many further reports of 
this problem. In 1938 Todd classified the lesions into 
intrinsic (or early) and extrinsic (or late). The intrinsic 
lesion is a direct radiation effect on the rectal mucosa 
which shows dysplasia of the epithelium with abnor- 
mal mitoses, vascular congestion and oedema. These 
changes are maximal after about 10 days’ treatment 
and tend to diminish even if therapy continues. 
Histologically, the extrinsic lesions show a marked 
fibroblastic reaction in the submucosal and muscular 
layers and are secondary phenomena following the 
delayed onset of endarteritis obliterans. In some cases 
severe injury to the rectal wall may lead to chronic 
proctitis, stricture formation, ulceration, or to a 
bladder, urethral or rectovaginal fistula. The incidence 
of these serious rectal lesions is reported to vary 
from 1 to 10 per cent (Mass, 1948; Aune and White, 
1951; Strickland, 1954), and the interval after radio- 
therapy can be from 1 month up to 31 years (as in 
Cases 4 and 1 in the present report). 

The tissues around a rectal ulcer or a rectovaginal 
fistula are indolent as a result of the endarteritis. 


There is often associated fibrosis and rectal stenosis. 
In rectovaginal fistulas not only is there faecal 
incontinence per vaginam, but there may also be 
intractable pain. Whereas some patients with quite 
large rectal ulcers suffer few symptoms (e.g. bleeding, 
mucous discharge and anaemia) others may be in 
such severe pain that they require continuous narcotic 
administration. They also may have tenesmus and 
continuous diarrhoea to a distressing degree. 


Treatment 

Early attempts at local repair of this type of recto- 
vaginal fistula were unsuccessful because of the 
indolent state of the surrounding irradiated tissues, 
and it was realized that it is essential to bring healthy 
tissue from elsewhere to effect a repair. Martius (1940) 
used a vulval fat graft. Since that time, other tissues 
have been used, including omentum (Bastiaanse, 
1960), gracilis muscle (Graham, 1965) and rectus 
muscle (Ingelman-Sundberg, 1960). The latter author 
reports a successful outcome in 15 of the first 18 
patients. 

Brintnall (1953) used a different approach and 
excised the fistulous segment of the rectum with 
sufficient clearance to anastomose healthy tissue 
above and below the lesion. With the upper rectal 
lesions, he performed an anterior resection, but most 
of the lesions were too low for this approach. On 
these low fistulas he described an abdominoperineal 
‘pullthrough’ anastomosis similar to that used by 
Swenson (1964) for Hirschsprung's disease. 

These operations may give rise to troublesome and 
dangerous complications with, in some cases, loss 
of function (Goligher, 1975); 2 of the 8 patients 
treated by Brintnall developed sphincter incontinence. 

If a simple defunctioning colostomy is performed 
(Ashbaugh and Owen, 1964; Chaitin, 1971) the 
rectum may still give rise to symptoms, particularly 
pain and tenesmus. At the present time, it is probable 
that the usual procedure is to excise the rectum 
leaving a permanent colostomy in those patients 
with intolerable symptoms. 


Rationale of the operation 
A satisfactory operation for post-irradiation recto- 
vaginal fistulas should satisfy certain criteria. It is 
axiomatic that the tissues around severe irradiation 
change will not tolerate surgical interference. The 
fistula therefore cannot be closed; it must be occluded 
or covered by tissues unaffected by irradiation. If an 
anastomosis is to be formed both parts must consist 
of unirradiated tissue, or breakdown and leakage 
will be inevitable. It is equally important that normal 
anorectal function is attained. 

The technique described here avoids the need for a 
difficult dissection of the lower rectum, and a peranal 
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"ig. 1. Showing the manner in which the dissection is 
performed close to the rectal wall down to the level of the 
fistula. 





Fig. 2. The submucosa above the dentate line is infiltrated 
with saline containing I in 300 000 parts of adrenaline. 


anastomosis avoids the hazards associated with 
eversion techniques. 


Technique 

It is essential to exclude local recurrence of carcinoma 
by taking a preliminary biopsy of the edge of the 
fistula. 

The patient is placed on the operating table in the 
synchronous combined position with the legs elevated 
and abducted. The abdomen is opened via a long left 
paramedian incision. The whole of the left colon, 
including the splenic flexure, is mobilized. This high 
mobilization of the colon is necessary to enable 
non-irradiated bowel to be brought down through 
the pelvis to the anal canal, without tension. 
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Fig. 3. The mucosa is stripped off the underlying submucosa 
with sharp-scissor dissection. 
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Fig. 4. Showing underlying muscle and submucosa denuded 
of mucosa. 


The rectum is mobilized, the dissection being per- 
formed close to the bowel as in, for instance, opera- 
tions for Hirschsprung's disease. The dissection is 
continued downwards until the necrosed tissue is 
reached (Fig. 1). At this point the rectum is divided 
at the level of the upper part of the fistula or ulcer. 
No attempt is made to free the distal rectum from the 
vagina. 

The colon is divided proximally at a site where it is 
healthy, has a good blood supply and cannot possibly 
have been irradiated, i.e. any point above the sigmoid 
loop. Sufficient mobilization of the transverse colon 
is performed to allow adequate length to be obtained. 

From the perineal approach a self-retaining anal 
retractor is inserted into the anal canal and a solution 
of 1 in 300 000 adrenaline in normal saline is injected 
into the submucosal layer above the dentate line 
(Fig. 2). The mucosa is then stripped off the underlying 
muscle using sharp-pointed scissors (Fig. 3). The 
dissection is pursued upwards into the rectum itself, 
until finally the whole of the rectum which remains is 
totally denuded of all mucosa (Figs. 4, 5). The ulcer 
or site of the fistula is left untouched. Bleeding points 
are controlled by diathermy coagulation. At the end of 
this stage of the procedure a rectal muscle tube is 
left with part of its upper end containing the ulcer 
base or a fistula. 





Fig. S. The retractors are reinserted to display the lateral 
rectal wall which is in turn dealt with as described above. 


The next step is to thread normal colon, previously 
mobilized, through the denuded rectum, thereby 
covering the ulcer or rectovaginal fistula. Two long 
stay-sutures are placed in the proximal colon (Fig. 6). 
Long artery forceps are passed up through the anal 
canal and the sutures are used to gently draw the 
colon through the rectal stump to the level of the 
dentate line. The colon is rotated in such a way that 
the mesenteric border and surrounding fat lie 
adjacent to the fistula. 

The colon is anastomosed peranally to the anal 
canal at the level of the dentate line (Fig. 7). Inter- 
rupted sutures of 3/0 Dexon are placed through all 
layers of the colon, the internal sphincter and the 
anal mucosa at the dentate line. It is important to 
take a deep bite of the internal sphincter in this stitch, 
which is tied loosely to avoid necrosis of tissue. By 
withdrawing and rotating the retractor, successive 
segments of the anal canal are displayed and the 
anastomosis is completed. In this way, the whole of 
the lower rectum is relined with normal colon and the 
fistula or ulcer is covered with healthy, unirradiated 
tissue. The anastomosis is protected with a temporary 
defunctioning colostomy. 


Case histories 

Case 1: S. A., born 1899. In 1942 a carcinoma of the cervix 
was treated with radium and external radiation. Three months 
later a colostomy was carried out for large bowel obstruction. 
This settled without resection and the colostomy was closed 
18 months later. Thirty-one years after radiotherapy, in May 
1973, the patient started passing faeces per vaginam and 
examination revealed a rectovaginal fistula 2 cm in diameter. 
A biopsy showed no evidence of recurrent carcinoma. In 
June 1973 a colo-anal sleeve anastomosis was performed with 
a covering transverse colostomy. The colostomy was closed 
4 months later; she soon settled to a normal defaecation habit 
with her bowels opening once a day with complete faecal 
continence. In the early postoperative period she had some 
urgency of defaecation but this had ceased by 6 months. When 
seen 4 years postoperatively she had normal bowel function 
and faecal continence. 


Case 2: F. M., born 1902. A stage 1 squamous cell carcinoma 
of the cervix was treated with vault caesium and external 
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Fig. 6. Showing the stay sutures in the proximal colon; they 
enable the colon to be threaded through the rectal muscular 
tube. 


Fig. 7. The colo-anal anastomosis is completed by a suture 
line of interrupted 3/0 Dexon stitches. 


telecobalt radiotherapy over the period January to March 1973 
(total dose, 6900 rad). Six months later the patient complained 
of rectal pain and diarrhoea. Examination revealed a radiation 
proctitis with a stricture at 13 cm and an anterior rectal wall 
ulcer. Local steroids were ineffectual and a defunctioning 
colostomy was carried out in December 1973. The ulcer failed 
to heal and by February 1974 a rectovaginal fistula 6 cm in 
diameter with a lower edge 5cm from the anal verge had 
developed. Biopsies showed no evidence of recurrent carcinoma 
and in February 1974 a colo-anal sleeve anastomosis was 
performed. The colostomy was closed 6 months later. She was 
continent of solid faeces but had occasional faecal staining 
requiring her to wear a small pad. At I year she was opening 
her bowels 2-4 times a day, with occasional urgency and faecal 
staining. 
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Case 3: C. R., born 1931. A stage | squamous cell carcinoma 
of the cervix was treated with 3300 rad vault caesium radio- 
therapy in May 1973. Seven months later the patient developed 
abdominal pain and diarrhoea with the passage of blood and 
mucus. Examination under anaesthesia revealed a 73cm 
punched-out anterior rectal ulcer, the lower margin lying 6 cm 
from the anal verge. Only a thin layer of vaginal mucosa 
separated the rectal and vaginal lumens. Biopsy of the ulcer 
showed irradiation changes only with no evidence of recurrent 
tumour. Predsol enemas, increasing doses of opiates and a 
defunctioning colostomy were unsuccessful in relieving her 
abdominal and pelvic pain. By May 1974 the pain was so 
intense that 4-hourly pethidine barely gave relief from symp- 
toms, and for this reason alone a colo-anal sleeve anastomosis 
was carried out with a covering transverse colostomy. Post- 
operatively pelvic pain had ceased by 48 h and convalescence 
was uneventful. In October 1974 the colostomy was closed 
and normal bowel action was established. Initially the patient 
had some urgency but this had settled by 2 years. When last 
seen 2 years postoperatively, she remained symptom-free 
with good control of flatus and stool. 


Case 4: I. M., born 1924. In February 1975 a squamous cell 
carcinoma of the cervix wes treated abroad by Wertheim 
hysterectomy followed by intracavity radium and external 
cobalt radiotherapy (7000 rad). One month later the patient 
developed both rectovaginal and rectovesical fistulas, and was 
doubly incontinent. In May 1975 a defunctioning sigmoid 
colostomy was performed and she was referred to the London 
Hospital. In July 1975 an abcominal resection of rectosigmoid 
and sigmoid colon with a colo-anal sleeve anastomosis was 
performed. At the same time. the rectovesical fistula was dealt 
with by a urological colleague who fashioned an ileocaecal 
bladder, anastomosing it to the bladder neck, thus closing the 
vesicovaginal fistula The operation was covered with an ileo- 
stomy, and this was closed 3 weeks postoperatively. Initially 
loose stools led to difficulty in control, but following the use 
of antidiarrhoeal agents, she became fully continent of faeces 
by the time of discharge from hospital. When last seen 6 
months postoperatively she remained symptom-free. 

Case 5: N. W., born 1920. in July 1975 a carcinoma of the 
cervix was treated abroad with vault radium needles, followed 
by a course of external deep X-ray therapy. One year later 
diarrhoea up to 10 to 15 times per day commenced with 
intermittent bright red rectal bleeding. Three months later she 
developed lower abdominal pain and became incontinent of 
faeces. In April 1977 she started passing faeces and flatus per 
vaginam. On examination under general anaesthesia a hard, 
craggy mass was found in the rectum together with a recto- 
vaginal fistula. Biopsies showed radiation changes with no 
evidence of malignancy. Ir June 1977 a colo-anal sleeve 
anastomosis was performed with a covering transverse 
colostomy. Convalescence was uneventful and the colostomy 
was closed 2 months later. She was discharged from hospital 
2 weeks later, symptom-free and fully continent of faeces. 


Discussion 
As has been pointed out (Marks, 1976) the treatment 
of this condition is difficult and seldom accompanied 
by success using traditional methods. Indeed, per- 
manent colostomy has been the usual outcome. In 
those patients where pain persisted despite all efforts, 
excision of the rectum was carried out. The problem is 
chiefly that of finding non-irradiated tissue to repair 
the defect. Using the technique described normal 
intestine is passed through irradiated structures to 
undamaged tissue below. In all cases healing was 
uneventful. A surprising feature was the total relief 
of pain within a few days in the two cases in whom 
this was the chief complaint. 

There are several advantages accruing from this 
type of procedure: 

1. The muscular rectum itself remains intact and 
no dissection is carried out around it below the level 


ue 


of the uppermost part of the lesion. Bleeding is 
thereby avoided, as is a large space in the sacral 
hollow which could be the potential source and site 
of a haematoma. No damage is done to surrounding 
structures such as the pelvic parasympathetic nerves 
or the ureters. 

2. The anastomosis is performed several centi- 
metres below damaged tissue. It is carried out peranally 
through suitable retractors. Being sited in the mid- 
anal canal, the line of suturing is easily accessible and 
presents no technical problem. The anal sphincters 
themselves are not damaged in any way; the retractors 
merely stretch them to an acceptable degree so that 
a clear view is obtainable. 

3. The colon is brought down through a long sleeve 
of rectal muscle. Should a limited section of the distal 
colon undergo necrosis, no leakage will occur and 
epithelization of the defect will ensue uneventfully. 

4. Technically the operation is not difficult nor 
does it need specialized equipment or great experience. 

In these patients the rectum has suffered irradiation 
and tends to undergo narrowing in the immediate 
postoperative phase. In addition, the colon which is 
joined to the anal canal tends to be more active than 
the normal rectum. This, coupled with the diminution 
of the normal rectal reservoir capacity, leads to 
urgency and increased frequency of defaecation. 
These symptoms settle down in the first few months 
and all 5 patients have satisfactory function as 
described. Complications such as may be encountered 
with pullthrough operations, i.e. necrosis or retraction 
of the colon, pelvic infection, faecal fistulas, stricture 
and incontinence (Goligher, 1975), have not so far 
been encountered. 

This technique has also been used by the present 
authors for rectovaginal and rectourethral fistulas 
due to trauma in which previous attempts at closure 
have failed; indeed it can be used for any such lesion 
that does not respond to simple methods. This applies 
particularly to those cases where there is extensive 
local tissue damage, a large fistula or where there may 
have been several previous attempts at repair. 
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Management of recurrent peptic ulceration 
W. E. R. GREEN, T. KENNEDY, T. HASSARD AND E. F. A. SPENCER* 


SUMMARY 

A series of 117 consecutive patients having operations 
for recurrent peptic ulcer is reported. There were no 
initial deaths but 9 patients developed further recurrent 
ulcer and 2 of 8 who had a third operation died, giving 
an overall patient mortality of 1-7 per cent. A further 
6 patients underwent a third operation to correct bile 
comiting or dumping, with no deaths. 

The mean time of onset of symptoms of recurrent 
ulcer was 1-9 years after proximal gastric vagotomy, 
3-2 years after vagotomy and drainage, 3:3 years after 
gastrectomy and 12:6 years after gastrojejunostomy. 

One hundred and four patients were followed for 
more than 1 year (mean 5:2 years) and the result was 
good in 77 per cent. After a third operation the propor- 
tion of good results was improved to 88 per cent. 

Second recurrence occurred in 1 of 43 patients after 
revagotomy and gastrectomy, in 2 of 28 after resection 
alone and in 6 of 33 after vagotomy or revagotomy 
alone (P«0-05). When the patients whose primary 
operation included | neither vagotomy nor gastric 
resection were excluded, there was a similar trend but 
the differences were not significant. It is suggested that 
gastric resection or re-resection should be combined 
with vagotomy or revagotomy whether the primary 
operation has been gastrectomy, vagotomy with or 
without drainage or gastrojejunostomy alone. 


IN recent years the incidence of unwanted side effects 
of gastric surgery has been greatly reduced, but 
recurrence of ulceration remains a major problem 
(Goligher et al, 1968; Hoerr and Ward, 1972; 
Postlethwait, 1973; Kronborg and Madsen, 1975; 
Louw and Marks, 1977). The site is now more likely 
to be duodenal than jejunal and increasing interest 
has been shown in recurrence in the stomach itself 
(Hall, 1972; Clark, 1973; de Miguel, 1977). 

Surgery having failed, medical treatment is attrac- 
tive, but past experience has been unsatisfactory with 
a high incidence of failure (Balint et al., 1957; Stabile 
and Passaro, 1976). Now that cimetidine is available 
the position may well change, though there are not 
yet any published results of controlled trials of this 
drug in the treatment of recurrent ulcer. Surgery is 
likely, for the present, to remain the first choice, 
though cimetidine may be of value in preparing the 
patient for operation. | 

Selection of the appropriate operation may be 
influenced by the site of recurrence and by the nature 
of the original procedure. The choice lies between 
vagotomy or revagotomy alone, using either the 
abdominal (Taylor et al, 1977) or transthoracic 
(Hede et al., 1977) route and gastric resection with or 
without vagotomy (Fawcett et al., 1969). 

Few individual surgeons have had a large experience 
of this problem (Condon and Tanner, 1968; White and 
Harrison, 1973), but the problem has recently been 
extensively reviewed (Stabile and Passaro, 1976). 
Much of the literature deals with the management of 
recurrence after gastrectomy but there is a need for 
further information on the best management of 


recurrence after vagotomy and drainage, and 
especially after proximal gastric vagotomy without 
drainage. In this paper we present our experience of 
the management of recurrent ulcer during the past 16 
years. 


Patients and methods ; 

One hundred and seventeen patients undergoing 125 operations 
for recurrent peptic ulcer between 1961 and 1976 form the 
basis of this report. There were 90 men and 27 women aged 
between 24 and 81 years (mean 48-5 years), of whom one-third 
had had their primary operation elsewhere. Duodenal ulcer 
was the original lesion in 104 patients, gastric ulcer in 10 and 3 
had had combined duodenal and gastric ulcers. All patients 
were investigated by radiology and most by endoscopy and 
acid studies, including the insulin test. In recent years assay of 
gastrin has been performed routinely. 

All patients were reviewed by the authors during the past 
year and given a Visick clinical grading. Each patient's own 
assessment of his condition was also recorded. The original 
surgical! procedures and the reoperations are listed in Table I. 
There were three main treatment groups: (1) vagotomy or 
revagotomy without resection, (2) resection or re-resection 
without vagotomy, (3) vagotomy or revagotomy combined with 
gastric resection or re-resection. Four patients who simply 
underwent a drainage revision procedure, 1 patient whose 
primary operation was pyloroplasty alone and 8 patients 
followed up for less than 1 year have been excluded from the 
results. Fourteen patients underwent second reoperations and 
are considered separately. 

No patient in this series had a Zollinger-Ellison syndrome 
(gastrinoma) and there were no patients with gastrojejunocolic 
fistula. l 

The site of ulcer recurrence was the duodenum in 40, 
stomach in 15, jejunum in 36 and in 26 patients the exact 
location of the ulcer could not be determined with certainty 
at reoperation; these included 2 patients treated by trans- 
thoracic vagotomy. Symptomatology and Visick grading at 
follow-up did not differ between the localized and undeter- 
mined ulcer patients so they have been considered as a single 
group for the purpose of analvsis. Tests for significant difference 
in the incidence of further recurrence of ulceration were 
performed using Fisher's exact probability test. 


Results 

There were no deaths among the 117 patients under- 
going a first reoperation, but there were 2 deaths in 8 
patients having a second reoperation for further ulcer, 
giving an overall patient mortality of 1-7 per cent for 
the whole series, 

Symptoms of recurrent ulcer first appeared at 1-9 
years (mean) after proximal gastric vagotomy, 3:2 
years after vagotomy and drainage, 3-3 years after 
gastrectomy and 12:6 years after gástrojejunostomy 
(Table II). The clinical results are shown in Table IH. 
There were good results (Visick grades 1 and 2) in 77 
per cent after the first reoperation, but 15 were 
unqualified failures (Visick grade 4); failure was due 
to second recurrence in 9 of these, 8 of whom have 
been subjected to further operation. Five have 
subsequently undergone a Roux diversion procedure 
*'The Royal Victoria Hospital, Belfast. Present address of 
W. E. R. Green: Surgical Unit, The London Hospital, 
London El. 
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When post-operative recovery is threatened by 
shock or deteriorating pulmonary function, ad- 
junctive therapy with Solu-Medrone can improve 
the patient's chances of survival. 


Pharmacological doses of Solu-Medrone stabilise 
lysosome and cell membranes and prevent the 
release of destructive lysosomal enzymes. The 
corticosteroid preserves platelet and leukocyte 
integrity, thereby reducing the risk of intravas- 
cular coagulation and helping to preserve the 
pulmonary architecture. 


In addition, Solu-Medrone helps restore haemo- 
dynamic balance by decreasing peripheral resist- 
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ance and increasing vasodilatation. The resulting 
increase in tissue perfusion helps reduce "gue 
damage and maintain organ function. es 







Supplied: as methylprednisolone sodium succinate, in a 40 
mg. or 125 mg. Mix-O-Vial and in a 500 mg. or 1 g. vial with 
diluent. 
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How about looking at surgery 
from our point of view? 


You could be forgiven for forgetting 
about theatre drapes altogether. But take 
a look around vou. 

Everyone's probably wearing 
BARRIER* disposable headwear and 
masks. In fact, it's likely vou're using a 
number of single-use items, adopted as 
theatre technology has progressed. 


But what about those linen drapes? 
What happened to progress here? 


1. Beck, W. C. The Surgical Team, May 1974. "Trademark 


xxviii 


There’s plenty of evidence to show 

that BARRIER* single-use drapes are 
superior in every way to the linen drapes 

you are currently using. 

For more information about the ways 

in which BARRIER* Drapes can help you, 
please write to 

Johnson & Johnson Ltd., FREE POST, 

260 Bath Road, Slough SL1 4EA, Berks. 
(No postage stamp needed). 


BARRIER 


a name you can depend on 
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Table I: OPERATIONS PERFORMED 
Original procedure 
Vagotomy 
Gastric and PGV Gastrojejunostomy Pyloroplasty 
Reoperative procedure resection drainage — no drainage alone alone Total 
Vagotomy or revagotomy alone 6 13 0 15 Í 35 
Resection or re-resection alone 4 17 2 7 0 30 
Vagotomy or revagotomy plus resection 3 37 y, l 0 48 
Revision of drainage 0 3 H 0 0 4 
Total 13 70 10 23 i 117 
for bile reflux and 1 has had a Billroth II to Billroth I Table H: TIME OF ONSET OF SYMPTOMS OF 
conversion with jejunal interposition for dumping. RECURRENCE E 
Although 3 of these 13 patients have not yet been Original operation 
followed up for 1 year, the overall results of the whole ^ Time of Vagotomy 
series have been improved by the second reoperation onset of Gastrec- and Gastro- 
with 88 per cent now graded Visick 1 or 2; there were symptoms tomy drainage PGV  jejunostomy 
only 4 unqualified failures, of which 2 were operative (yr) (13) (70) (10) (23) 
deaths in patients aged 67 and 73 respectively, each <1 7 24 2 3 
undergoing emergency surgery for bleeding ulcer. 1-3 i 22 7 5 
The incidence of second recurrence in relation to the 4-6 2 14 l 2 
primary operation and the reoperative procedure is 6t 3 10 0 13 
shown in Table IV. The mean follow-up time for Mean (yr) 335 32 1-9 12:6 


these 104 patients was 5 years (minimum time 1 year). 
In the whole group there was 1 second recurrence 
among 43 patients treated by vagotomy or revagotomy 
and resection (either antrectomy or gastrectomy). 
Resection without vagotomy produced 2 re-recur- 
rences in 28 patients, but when vagotomy or revag- 
otomy alone was used there was further recurrence 
in 6 of 33 patients. The differences were barely 
significant (P — 0-0497). 

It can be argued that gastrojejunostomy alone is 
not an acid-reducing operation, so that these cases 
should perhaps be excluded from consideration. 
When this was done, there were 42 patients with 
vagotomy and resection with 1 second recurrence, 21 
with resection alone with 1 re-recurrence and 18 with 
vagotomy alone with 3 re-recurrences (P = 0-0928). 
The large number of re-recurrences after primary 
gastrectomy is difficult to understand but longer 
follow-up of this small group may be a factor. 

The mean time of diagnosis of re-recurrence was 3:8 
years after vagotomy alone, 3:5 years after resection 
alone and 9-0 years in the | patient who underwent 
combined revagotomy and resection. 

The 9 patients with second recurrence are worthy 
of further consideration. One patient had a Billroth I 
gastrectomy for duodenal ulcer followed by truncal 
vagotomy alone and finally revagotomy and re- 
gastrectomy and he remains well. A second patient had 
recurrence after a Billroth I gastrectomy for gastric 
ulcer and developed further recurrence after truncal 
vagotomy alone. No further operation has yet been 
performed. In a third patient recurrence followed 
Billroth I gastrectomy for gastric ulcer treated by 
re-resection, and a further Billroth H resection proved 
successful. 

In a fourth patient recurrence followed Billroth H 
gastrectomy for duodenal ulcer and was treated by 
vagotomy and conversion to Billroth I; final con- 
version to Billroth II has been successful. 

The one re-recurrence after vagotomy and drainage 
followed revagotomy and wedge resection of a gastric 
ulcer. Later haemorrhage proved fatal. 

There were 4 second recurrences after gastro- 
jejunostomy alone; 2 of these were treated by 


Table HI: CLINICAL GRADING 


Visick After first reoperation After latest reoperation 
grade {n= 104)* (n — 101) 

1 40 a 45 o 

2 37) 17% is n 

3 875 5 

4 15% 22751 


All patients were followed up for more than I year. 
* Mean follow-up 5:2 years. 
t Includes 2 operative deaths. 


proximal gastric vagotomy and closure of the 
gastrojejunostomy—a procedure we have used 5 
times. One followed simple truncal vagotomy and the 
fourth followed Billroth I gastrectomy without 
vagotomy. 

The patients' own assessments of their condition 
(Table V) confirm our Visick gradings and appear to 
justify a surgical approach to the treatment of 
recurrent ulcer, although this optimism may not be 
entirely reflected by the return to work record (Table 
VI). Although the percentage employed has fallen, it 
must be appreciated that many of those previously 
working have retired because of age rather than ill 
health. Of those still employed the number requiring 
some time off work because of gastric symptoms has 
been reduced from 86 to 50 per cent. 


Discussion 

Surgery having failed, it would be attractive to treat 
all recurrent ulcers medically. A recent, uncontrolled, 
open trial of cimetidine gave good immediate results 
(Delle Fave et al., 1977), but until this drug has been 
fully evaluated we must assume that treatment will 
continue to be surgical. To plan the appropriate 
operation it is necessary to have an accurate diagnosis 
and to know why the primary operation failed. Precise 
diagnosis was not made in 22 per cent of this series, 
mostly from the earlier years; recently, with the use of 
endoscopy, diagnosis has become much more precise 
(Cottonetal., 1973). Theinsulin test is of disputed value 
in predicting the risk of recurrence (Ross and Kay, 
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Tabie IV: INCIDENCE OF SECOND RECURRENCE 


Gastric Vagotomy 
Reoperation resection 4 drainage 
Vagotomy 6 (2) 12 (D) 
Resection 4 (1) 17 (0) 
Vagotomy pius 2 (1) 40 (Q) 
resection 
Total 12 (4) 69 (1) 


Figures in brackets indicate second recurrences. 
* P=: 0-0928; t P= 00497. 


Table V: PATIENTS' SELF-ASSESSMENT 


Before After Before At latest 
Assessment first op. first op. reop. follow-up 
(98 patients) (2) (%) CA) rA 
Good 0 63 I 66 
Fair & I 13 17 83 
Poor a 92 10 M 10 
Intolerable 66 [~~ 8 25 7 


Table VI: WORK RECORD OF 73 MALE PATIENTS 


Before reop. At latest follow-up 


CA) (% 
In heavy work 18 12 
No time off i4 50 
Employed 78 62 
On sick pay 12 20 
Retired 10 18 


1964; Johnston et al., 1967; Kronborg, 1971) but may 
be of help in indicating the extent of residual intact 
vagal fibres (Taylor et al., 1977). 

Recurrent ulcer may be due to any one of six 
causes: incomplete vagotomy, failure of gastric 
drainage, inadequate gastric resection, the Zollinger- 
Ellison syndrome (gastrinoma), hyperplasia of the 
antral gastrin-secreting cells or the use of non- 
absorbable sutures. Lack of, or incompleteness of, 
vagotomy has been the commonest cause in our 
experience. Gastric ulcer may follow vagotomy and 
drainage or proximal gastric vagotomy without 
ee presumably due to gastric stasis (de Miguel, 
| `. 

Where the primary surgery has been gastrectomy, 
recurrent ulcer is not common unless the extent of 
resection is limited and vagotomy is not added. 
Neither sutural ulcers (Small et al., 1968) nor gastri- 
noma was seen in this series, though the latter has 
been found in 20 per cent of recurrences after truncal 
vagotomy and antrectomy (Herrington, 1976). In 
hyperplasia of the G cells (Ganguli et al, 1974) 
antrectomy is essential if recurrence is to be avoided. 
From gastrin assays it may now be possible to 
suspect this condition before the primary operation, 
but it is more likely to be found only at the time of 
recurrence. 

Where there is failure of gastric drainage apparently 
causing recurrent ulcer it may be sufficient simply to 
revise the drainage, be it pyloroplasty or gastro- 
jejunostomy, or to convert one type to the other. This 
usually involves closure of the gastrojejunostomy and 
substitution of pyloroplasty. In the small group of 
4 cases in which we revised the drainage, the results 
in the short term have been satisfactory. 


Primary operation 


All resections Gastrojejunostomy All 

and vagotomies alone operations 
18 (3) 15 (3) 33 (6) 
21 (1) 7 (1) 28 (2) 
42 (1) 1 (0) 43 (1) 
81 (5)* 23 (4) 104 (9)t 


Although gastrojejunostomy alone is now very 
rarely used as a primary ulcer operation, patients 
with jejunal ulcer following this procedure still present 
from time to time. Perhaps the most elegant approach 
is to close the gastrojejunostomy and perform a 
proximal gastric vagotomy without drainage. Our 
experience of 5 such procedures has been marred by 
2 recurrences; we can offer no satisfactory explanation 
but the recurrence rate for vagotomy after simple 
gastrojejunostomy may be as high as 24 per cent 
(Stabile and Passaro, 1976) and there is no obvious 
reason why it should be any less if the gastrojejun- 
ostomy is closed. 

After primary vagotomy and drainage, where 
vagotomy is incomplete, it would be logical simply to 
re-explore and complete the nerve section, though 
this is not always easy. Exploration of the lower 
oesophagus by the transthoracic route (Jackson and 
Berkas, 1966; Hede et al., 1977) avoids the adhesions 
and scar tissue produced by the original operation. 
The abdominal approach to revagotomy is, however, 
the one most favoured (Fawcett et al., 1969; Stabile 
and Passaro, 1976; Taylor et al, 1977) and has the 
advantage of giving access to the stoma, which may 
need revision. To avoid adhesions, especially after 
proximal gastric vagotomy, one can approach the 
oesophagus above the left lobe of the liver after 
dividing the left triangular ligament (assuming that 
the original approach was made below the liver). 

Every patient with a recurrent ulcer has had a failed 
operation and none wants to face the possibility of a 
third intervention, so every effort should be made to 
cure the ulcer diathesis. When the insulin test is 
positive revagotomy alone is undoubtedly logical, but 
vagotomy has failed once and the surgeon who 
guarantees to make it complete at a second attempt, 
when conditions are less favourable, is perhaps a 
trifle optimistic. Incomplete section of vagal fibres 
may still be present in as many as 30 per cent of 
revagotomies (Fawcett et al, 1969) and further 
recurrence after vagotomy alone may occur in 20 per 
cent (White and Harrison, 1976). We should seek the 
safest possible operation in terms of recurrence. 
Herrington (1976) reports a recurrence rate as low as 
0-5 per cent in a massive experience of almost 4000 
primary truncal vagotomies with antrectomy. Surely, 
therefore, revagotomy and antrectomy should be the 
treatment of choice, thus dealing with the possibility 
of G cell hyperplasia as well as the problem of residual 
intact vagal fibres. Whether continuity after antrec- 
tomy should be restored by Billroth 1 or Billroth H 
anastomosis is debatable; the latter is probably the 
safer in terms of prevention of recurrence but is more 
likely to produce undesirable side effects. 


Another 
Decision 








o qc E 3 = 
ot, nx VB gt pma a Or on "t 
Ac a) pn m V an e x 


Wu. 
è v . cdi , = » 
Vue pem n ul 


we 

VÀ we 

T 

UP ES 
anh aat 





The vital 
step to full rehabilitation E 3 -decide on Hollister 


A^ rea = 


me 


After stoma surgery, the patient needs all the advice and encouragement you can 
give — most of all, with the right choice of appliance 

The extensive Hollister range providesthe widest choice of sizes to help you select 
the ideal bagfor each patient. Integral Karaya Seals help prevent leakage and skin 
problems and the special laminate construction ensures freedom from odour. We use 
Securicor for delivery and that's why Hollister" products normally reach you within 3 days 
Nowavailable on contract in nearly every hospital which gives low cost of procedure. 

Abbott understand the physical and emotional problems of coping with an ostomy. 
So we provide various educational and advisory services for the benefit of 
medical staff and stoma patients. We would like to send you full details 
Telephone: Sheerness 3371 or write to Abbott Laboratories Ltd.. 
Freepost, Queenborough, Kent, MEI] 5BR — no stamp needed. 

Depend on us. We want to help 






5 =< 4 d aveallable from 
The Team That Cares i . B9.. aBBOTTC) 
HO 360 Abbott Lat mis es Ltd.. Queenborough Kent. MEI] 5BR 
Br. J. Surg. Vol. 65: June 1978 XXiX 


34 








ow Seward 
- put it all together... 


You can’t set a machine to make a team of expert craftsmen. 
Balfour's Abdominal Retractor. Itneedsthe It can be a slow process making 
skilled work of an experienced craftsman, ^ instruments by hand. Some things just 


using his hands. And he has to work within can’t be rushed. But we don’t keep you 
exceptionally fine tolerances to ensure that waiting, because we hold ample stocks of all 
each part will fit perfectly when he putsit the instruments in our range. That's 


all together. another very important part of Seward 

Not every instrument supplier has the service — another way we put it all together. 
resources for this type of work. But at 
Seward we do — our own workshops and a Seward - the fast word in quality 





SeuJaro surgjca 


Seward Surgical, UAC House, 
Blackfriars Road, London SE1 9UG. Telephone: 01-928 9431 


A member of the Medical Division of UAC International 








There were only 12 patients in this series in whom 
the primary operation was gastrectomy and there is 
not enough information to support any one of the 
three alternatives as the best procedure. Regastrec- 
tomy together with vagotomy is probably the safest 
approach, though regastrectomy may carry a high 
mortality (White and Harrison, 1976). 

It is widely held that up to 75 per cent of recurrences 
after vagotomy and drainage present within the first 
year (Fawcett et al., 1969), but only one-third of our 
cases presented within 1 year and one-third did not 
present until the fourth year or later. Late presentation 
of recurrence after gastrojejunostomy is well docu- 
mented (Wychulis et al., 1966); presentation after 6 
or more years was found in almost half of our series. 

Our 9 second recurrences represent a rate of 8-6 per 
cent with a mean follow-up time of 5 years, but some 
were followed for only 1 year, so that ultimately a 
somewhat higher rate might be expected. The 1 re- 
recurrence after vagotomy and re-resection did not 
appear for 9 years. There was a 15:4 per cent incidence 
of second recurrence in a series of 331 cases reported 
from Vancouver (Cleator et al., 1974). Condon and 
Tanner (1968) reported an unusually low rate of 
second recurrence after operation for jejunal ulcer— 
3:2 per cent of proved recurrences. 

The problem of demonstrating statistically signifi- 
cant differences in even quite large retrospective series 
was encountered in this study. The difference of 
incidence of second recurrence in all patients barely 
reached conventional significance. When patients 
with primary gastrojejunostomy, possibly irrelevant 
in this context, were excluded, a level of significance 
was not reached. 

Failure to obtain statistical significance does not 
imply that the null hypothesis of no association 
between risk of recurrence and reoperative procedure 
is accepted; it simply implies that the available 
evidence is insufficient. The power of the relevant 
statistical tests to label true differences as significant 
is controlled both by the magnitude of the differences 
and the sample size. With the differences observed in 
this series empirical studies have shown that an 
increase in the sample size of approximately 50 per 
cent would be required to achieve consistently 
significant results. 

All reoperations for recurrent ulcer are potentially 
difficult and therefore potentially dangerous. Third, 
fourth and emergency operations are more difficult 
and more dangerous. The 2 deaths in our series 
followed such operations, which gives added force to 
the argument that the second operation should be as 
certainly curative as possible. Reported mortality for 
all first reoperations in a collected series of 3400 
operations was 4-1 per cent (Stabile and Passaro, 
1976), though it was as high as 9 per cent after 
vagotomy and antrectomy. A rather higher initial 
mortality may be balanced by a lower ultimate 
mortality due to greater security from further 
recurrence. 

The overall clinical results expressed as Visick 
grades indicate a good or satisfactory result in three- 
quarters of our series, but there was a bad result in 
15 per cent, owing to further recurrence, bile reflux or 
dumping. It is gratifying that after further operation 
for either recurrent ulcer or side effects, the success 
rate was increased to 88 per cent, notwithstanding the 
2 operative deaths. These results compare favourably 
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with those after primary operation (Goligher, 1970) 
but not with the remarkable results of Hede et al. 
(1977), who reported no recurrences and no bad 
results in a series of 20 reoperations with a 2-year 
follow-up. 

Too much significance should not be read into the 
poor work record. With an ageing population and a 
background of high unemployment it is not surprising 
to find that the employment record of our male 
patients is poor, though at the latest follow-up a 
larger proportion of those employed were losing no 
time from their work. 


Conclusion 

Recurrent ulcer is a serious condition and when it 
presents with haemorrhage or perforation, operation 
may carry a real risk. In these acute cases it may be 
advisable to do as little as is required to save life, 
leaving definitive surgery to a later date. In all other 
cases operation must aim at complete control of the 
ulcer diathesis and this will usually mean antrectomy 
combined with vagotomy or revagotomy. The risk is 
not high and the end results are, in general, 
satisfactory. 
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Unusual small intestinal obstruction in adolescent 


girls: the abdominal cocoon* 


K. T. FOO, K. C. NG, A. RAUFF, W. C. FOONG AND R. SINNIAHT 


SUMMARY 

Ten cases of small intestinal obstruction seen over a 
period of 6 years (1971-6) in young girls within the 
narrow age range of 13-18 years are described. The 
patients were all within 2 years of menarche. 

In all these cases the obstruction was due to a mem- 
brane encasing the small intestine in the manner of a 
cocoon. There was no previous history of abdominal 
operation, peritonitis or prolonged drug intake. 

The clinical features, operative findings and manage- 
ment of the cases are presented. Possible causes of the 
condition are discussed. In view of the similar clinical 
presentation in all these patients, their conditions can 
be grouped as a clinical entity — the abdominal cocoon’. 


SMALL intestinal obstruction is a common surgical 
emergency. Between the years 1971 and 1973, 180 
cases were seen at the University Department of Sur- 
gery, Singapore. The commonest cause was adhesions, 
there being 70 cases due to this (Table I). In most of 
these cases the adhesions themselves were due to 
previous operations. However, there were 4 patients 
(6 per cent), all young adolescent girls, who had no 
previous history of operations or peritonitis. In them 
the obstruction was due to ‘plastic adhesions’, or a 
fibrous membrane enveloping the small intestine to a 
varying degree like a cocoon. In the subsequent 3 
years, 1974-6, 3 more such cases were seen. Three 
other patients presented with an abdominal mass, 
queried as an ovarian cyst by the gynaecological 
department. Therefore, there were in all 10 cases 
for study. 


Patients and methods 


Clinical presentation (Table II) 

All these cases were young girls within 2 years of menarche. 
Their ages ranged from 13 to 18 years. Eight were Chinese and 
2 were Malays (Fig. 1), reflecting approximately the population 
ratio in Singapore. 

Five cases presented with acute small bowel obstruction, 
having symptoms of abdominal colicky pain, vomiting and 
distension varying from 2 to 5 days. Apart from abdominal 
distension and increased bowel sounds, a mass was palpable in 
3 of the 5 cases, in the right iliac fossa in 1 and in the lower 
abdomen in the other 2. 

Two cases presented with subacute obstruction with colicky 
abdominal pain of 2 weeks' duration associated with distension 


Table I: CAUSES OF SMALL INTESTINAL 
OBSTRUCTION 1971-3 





Adhesions 70 
(including 4 cocoons) 
Obstructed hernia 60 
Intussusception 28 
Child 22 
Adult 6 
Volvulus 10 
Strictures 3 
Congenital 9 
(Bands, atresia, septum, malrotation) 
Total 180 





and vomiting later on. No mass was palpable in these 2 cases 
but the small bowel obstruction was confirmed on plain 
abdominal X-rays. 

Three patients were admitted to the gynaecological wards 
with a history of a lower abdominal mass and pain of 2-4 
months' duration. They were thought to have ovarian cysts. 
One developed acute small bowel obstruction while undergoing 
investigations in the ward. The condition in another patient 
was thought not to be ovarian in nature on subsequent 
evaluation and she was referred to our unit and explored fora 
possible mesenteric cyst. The other patient was subjected to 
laparotomy for an ovarian cyst and the general surgeon was 
called in when the cocoon was found enveloping the small 
bowel. 


Operative findings 

In all these 10 patients the small intestine was found to be 
encased in a fibrous membrane to a varying degree, from the 
distal small bowel upwards to the duodenojejunal flexure 
(Figs. 2, 3). The small bowel within this fibrous membrane was 
collapsed and coiled up in a concertina-like fashion, and the 
whole mass was freely mobile, being free from the parietal 
peritoneum. The free proximal small bowel was dilated. Once 
the membrane was incised, the small bowel unravelled itself, 
and the coils of intestine could be separated easily from each 
other with the intestinal serosa intact. 

Three cases were found involving the distal third, 4 cases 
involving the distal half to two-thirds and 3 cases involving 
almost the whole small intestine. In 7 cases the fibrous 
membrane was confined to the small intestine and its mesentery, 
thinning out over the proximal intestine and the root of the 
mesentery. In one case, however, in addition, the membrane 
extended over the pelvic cavity, and in another case it extended 
over the upper abdominal organs. There was one patient in 
whom this fibrous membrane extended on to and became fused 
with the parietal peritoneum (Table HI). 


Operative procedures (Table IV) 

In the first few patients encountered, when the condition was 
not recognized, more extensive operations than necessary 
were performed. 

One patient, in whom the distal third of the intestine was 
involved, was thought to have a chronic intussusception which 
was not reducible and a limited right hemicolectomy was 
performed. In another, an ileocolic bypass was carried out. 

Noble's plication was done in one patient in whom the 
whole small bowel was involved, after division of the adhesions 
and appendicectomy. In the other 7 patients simple freeing of 
the adhesions and removal of theconstricting fibrous membrane 
was performed, with or without decompression of the distended 
bowel. Incidental appendicectomy was carried out in 5 of the 
7 patients. 


Results 


Postoperative course 

Eight of the 10 patients recovered uneventfully, apart 
from some degree of ileus postoperatively, requiring 
nasogastric aspiration and intravenous therapy for 
5—7 days. The average postoperative stay in the ward 


* Based on a paper presented at the 12th Singapore-Malaysia 
Congress of Medicine, July 1977. 

t Departments of Surgery and Pathology, University of 
Singapore. 

Correspondence to: K. T. Foo, University Department of 
Surgery, Singapore General Hospital, Singapore 3. 
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Table HI: OPERATIVE FINDINGS 
Segment of intestine involved 


Distal third 3 

Distal half to two-thirds 4 

Whole 3 

Other adhesions 

Pelvic cavity I 

Generalized j 

Over liver and gallbladder i 

Table IV: OPERATIVE PROCEDURES 

Resection of a distal third lesion (limited right l 
hemicolectomy) 

Iteocolic bypass 

Noble's plication after freeing of adhesion and i 
appendicectomy 


Removal of fibrous membrane, freeing of adhesions 7 
with or without decompression of distended bowel 
(incidental appendicectomy in 5 cases) 


was 10 days. One patient who had had Noble's plica- 
tion and appendicectomy carried out developed pro- 
longed ileus and pelvic abscess requiring drainage on 
the eighth postoperative day. She recovered eventually 
after about 4 weeks in the ward. 

There was one death. This was a 13-year-old Malay 
girl who was initially admitted to the gynaecological 
ward with a 3-month history of lower abdominal pain 
and a lower abdominal mass, associated with loss of 
weight. She was emaciated and there was a mass in 
the lower abdomen. Carcinoma of the ovary was sus- 
pected, and while she was being investigated and 
prepared for an elective laparotomy she developed 
evidence of small bowel obstruction. Emergency 
laparotomy was performed and an enveloped mass 
of small bowel was found. The general surgeon was 
called in to help free the adhesions and decompress 
the small bowel. Unfortunately, postoperatively she 
developed multiple small bowel fistulas. Over a period 
of 6 months multiple operations were performed to 
repair the fistulas but she eventually succumbed after 
developing subclavian venous thrombosis as a result 
of intravenous hyperalimentation. Histopathology of 
the resected small bowel fistulas showed non-specific 
changes. There was no evidence of tuberculosis or of 
Crohn's disease. 

On subsequent follow-up of the 9 surviving patients, 
from 6 months to 44 years, all of them except 1 are 
well. The only exception has had intermittent recur- 
rent abdominal pain without definite evidence of 
obstruction 4 years after her laparotomy. 


Pathology 

Tissues from 7 cases were examined by light micro- 
scopy. All the specimens had the macroscopic fea- 
tures of thickened, smooth membranous tissue. On 
microscopic examination, 5 of the membranes were 
composed of thick collagenized fibrous tissue with a 
covering of mesothelial cells in focal areas. There was 
mild vascularization with focal collections of lympho- 
cytes and smaller numbers of plasma cells. There 
was an epithelioid granuloma in one case, but this 
was negative for tubercle bacilli. The features were 
those of a histiocytic granuloma. In 2 cases, the mem- 
branes had a superficial layer of thickened collagenous 
fibrous tissue, with loose fibromyxomatous underlying 
tissue and scattered thin-walled blood vessels. How- 
ever, most of the tissue was avascular. There were no 
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Chinese 8 
Malay 2 


No. of cases 





13 [4 15 i6 17 i8 
Age (yr) 


Fig. 1. Age distribution of the 10 patients with small 
intestinal obstruction due to an abdominal cocoon. 
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Fig. 2. An abdominal cocoon involving the distal third of the 
small intestine. 


Small intestine 





Fig. 3. An abdominal cocoon involving the whole of the 
small intestine. 


tumour cells, parasites, fungi, tuberculosis or micro- 
organisms seen in any of the sections. 

Appendices were submitted from 5 cases, and all 
were non-inflamed. The only pathology was serosal 
adhesions. Lymph nodes from 2 cases showed non- 
specific reactive sinus histiocytosis. A segment of 
ileum from 1 case showed no mucosal inflammation, 
but there was submucosal oedema and inflammation, 
with a membrane on the serosa composed of colla- 
genous fibrous tissue with fibrinous exudation. The 
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features were similar to those seen in the membranous 
tissues submitted separately. 


Discussion 

The aetiology and pathogenesis of this disease appear 
obscure. Brown et al. (1974), Windsor et al. (1975) 
and recently Eltringham et al. (1977) described 
similar cases of small bowel obstruction due to 
sclerosing peritonitis in patients on long term prac- 
tolol, a beta-adrenergic blocker. In our group of 
patients, however, there was no history of prolonged 
use of any drug. 

The thickened adherent fibrous membrane implies 
chronic inflammation, such as tuberculous peritonitis, 
as suggested by one specimen with an epithelioid 
granuloma, However, this was not substantiated on 
culture of the membrane and on subsequent follow- 
up of the patient. 

The peculiar age and sex distribution of this dis- 
ease could lead one to postulate an association with 
the female genital tract. Could this be the result of 
retrograde menstruation in adolescent girls with 
superimposed subclinical primary peritonitis? This 
postulate is difficult to prove. 

The presence of lymphocytes and plasma cells in 
the organized fibrous exudate suggests the possibility 
of a viral infection. Fowler (1971) had suggested the 
possibility of viral pathogens in primary peritonitis. 
ECHO viruses have been incriminated as a cause of 
primary peritonitis in pregnant women; Tobe (1965) 
has demonstrated Coxsackie B virus or adenovirus 
as a cause of appendicitis; and Bell and Steyn (1962) 
have isolated a significant number of adenovirus and 
ECHO virus in young children with acute idiopathic 
intussusception and non-specific mesenteric adenitis. 
It has been shown that haematogenous peritonitis 
can be produced but only after preliminary induction 
of aseptic chemical peritonitis (Schweinberg and 
Heimberg, 1949). It is postulated that menstrual 
blood in the peritoneal cavity provides the initial 
chemical peritonitis and, with superimposed viral 
infection, a subclinical type of primary peritonitis 
results. This leads to the formation of organized 
fibrous exudates resulting in a fibrous membrane 
constricting the small intestine. This is only a hypo- 
thesis; more work has to be done to elucidate the 
exact aetiology. 


Conclusions 

This condition, which we describe as ‘the abdominal 
cocoon’, should be entertained in young adolescent 
girls who present with small intestinal obstruction 
with no obvious cause, or who present with abdo- 
minal pain and an abdominal mass of an undeter- 
mined nature. The operative procedure of choice is 
simple freeing of the adhesions and excision of the 
constricting fibrous membrane on the small intes- 
tine. Decompression of the distended small intestine 
may be necessary. Incidental appendicectomy is 
recommended, as the appendix would be difficult 
to find should the patient develop acute appendicitis 
later on. 

It is postulated that the condition is due to retro- 
grade menstruation with subclinical viral primary 
peritonitis, resulting in the development of an en- 
capsulating membrane on the intestine. 
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Strangulating adhesive small bowel obstruction 


with normal radiographs 
IAN R. GOUGH* 


SUMMARY 

A review of patients having laparotomy for adhesive 
small bowel obstruction has revealed that many 
patients have normal radiographs on admission and 
that this group of patients, who are predominantly 
women, have delayed laparotomies and are at a 
significantly increased risk of developing strangulating 
obstruction while in hospital. The clinical and laboratory 
data which may distinguish strangulating from non- 
strangulating obstruction were examined and found to 
be non-discriminatory in this series. 


ESTABLISHING the diagnosis of strangulation and 
determining the correct time for operative intervention 
in patients with small bowel obstruction remains a 
challenging clinical problem. Evidence of a strangu- 
lated external hernia, or signs of peritonitis in a 
patient with clinical and radiological evidence of 
bowel obstruction, are clear indications for emergency 
surgery. However, in many patients with adhesive 
small bowel obstruction the decision whether to 
pursue conservative treatment or to operate depends 
on balancing many aspects of the clinical picture and 
several investigations, and this may be difficult. 

The problem is compounded when the diagnosis of 
small bowel obstruction is not suggested by the 
X-ray examination on admission. The radiological 
criteria of small bowel obstruction are well known, 
but it is insufficiently recognized that patients with 
small bowel obstruction may be radiographically 
normal initially and develop typical X-ray changes 
only after an interval of several hours or even days. 

The patients who have normal radiographs are 
predominantly female and are at particular risk of 
developing strangulation while in hospital, as illus- 
trated by the following case histories. The term 
‘strangulation’ is used to indicate impairment of the 
blood supply of the bowel and not infarction. 
Infarction, of course, may occur if strangulation is 
not rapidly relieved. 


Case reports 

Case 1: A 12-year-old girl developed constant abdominal 
pain with colicky exacerbations and associated vomiting at 
1 a.m. on 18 Feb. 1977, There was no abdominal distension 
and no constipation. An appendicectomy had been performed 
I month previously. On admission 12h after the onset of 
symptoms she was distressed, but was afebrile and had a 
normal blood pressure and pulse rate. There was lower 
abdominal tenderness and guarding with slight distension and 
normal bowel sounds. Abdominal X-ray examination (Fig. 
la) showed a single, non-distended loop of small bowel and 
gas in the colon, and was interpreted as normal. The diagnoses 
originally considered did not include the possibility of bowel 
obstruction. 

The next day the patient was slightly improved and repeat 
radiography, although showing a few fluid levels, was regarded 
as non-specific. Further X-ray films (Fig. 1b) on 21 Feb. 
showed definite small bowel obstruction, and although there 
was evidence of mild peritonism, intravenous fluids and 
nasogastric aspiration were continued. Laparotomy was 
deferred because it was considered that a temperature of 


37 "C and a white blood cell count of 8-4 x 10*/I were against 
a diagnosis of strangulation. 

At laparotomy on 22 Feb., 92 h after admission, there was a 
band adhesion causing complete strangulating obstruction of 
the terminal ileum. After release of the band the bowel was 
considered to be viable. Recovery was satisfactory. 


Case 2: A 32-year-old female developed constant epigastric 
pain with colicky exacerbations and associated vomiting 
while on the train to work at 7 a.m. There was a past history 
of appendicectomy, hysterectomy and left oophorectomy. 
One hour after the onset of symptoms the patient was seen at 
another hospital. Abdominal X-ray films were interpreted as 
normal and the patient was sent home. 

Her symptoms persisted and on admission to this hospital 
at 6 p.m. the same day she was distressed, but was afebrile and 
had a normal blood pressure and pulse rate. There was mild 
epigastric tenderness with reduced bowel sounds and no 
splash. Abdominal radiography (Fig. 2) showed a loop of 
bowel in the right upper quadrant but the appearances were 
non-specific. Diagnoses of acute cholecystitis and pancreatitis 
were considered and she was treated with intravenous fluids 
and nasogastric aspiration. Her pain continued to be severe 
and she was reassessed frequently and given repeated pethidine 
injections throughout. the night. At 8.30a.m. the next 
morning she became severely shocked. After resuscitation, 
emergency laparotomy revealed adhesions associated with a 
volvulus of the terminal ileum, of which approximately 
100 cm were gangrenous and required resection. Recovery 
was satisfactory. 


Analysis of clinical records 

In the 4-year period since July 1973, 108 patients 
admitted to the Princess Alexandra Hospital with 
adhesive small bowel obstruction have been studied. 

In 37 of these a confident diagnosis was made on 
the basis of a history of previous laparotomy and a 
consistent clinical and radiological picture. These 
37 patients were treated conservatively with intra- 
venous fluids and nasogastric aspiration and re- 
covered without operative intervention. In all but 3 
the condition had resolved completely or partially 
within 24 h, and in all it had resolved within 72 h. 
The majority showed clear evidence of improvement 
well before 24 h had elapsed from the time of com- 
mencement of treatment. 

During this study period many other patients 
presented with possible adhesive small bowel obstruc- 
tions in whom X-ray appearances and diagnosis were 
not clear cut, and although they also settled with 
conservative management these patients have not 
been included in the analysis. 

Seventy-one patients underwent laparotomy for 
adhesive small bowel obstruction and the following 
data refer to this group. There were 29 males (ages 
14-88, average 54) and 42 females (ages 13-88, 
average 49). 

Sixty-one patients had had previous laparotomies. 
Appendicectomy, hysterectomy and cholecystectomy 
were the most common antecedent operations, and 
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Fig. 1. Case 1. a, Abdominal radiograph on admission, showing no signs of obstruction. b, Radiograph taken 
on day 3, showing definite small bowel obstruction. 





Fig. 2. Case 2. Abdominal radiographs showing non-specific appearances. Emergency laparotomy was required 


12 h later and revealed adhesive small bowel obstruction. 
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23 patients, most of whom were females, had had 
more than one laparotomy. Ten patients found to 
have adhesive small bowel obstructions at operation 
had no past history of laparotomy, although 4 of 
these had had previous inguinal hernia repairs. 

lhe presenting symptoms were similar for males 
and females (Table I). It is noteworthy that pain was 
universal and vomiting extremely common, while it 
was usual for constipation and distension to be absent 
at presentation. The clinical signs of small bowel 
obstruction were similar for both sexes and will be 
referred to again in the context of features discriminat- 
ing between strangulating and non-strangulating 
obstruction. 

The correct diagnosis of small bowel obstruction 
was considered on admission more often in males 
A25 of 29) than in females (31 of 42). The hesitancy in 
making the diagnosis in females was attributable to 
the higher incidence of initially normal X-ray 
appearances. Radiography on arrival was performed 
in 65 of the 71 patients and the findings were analysed 
according to their interpretation by the most 
_ experienced clinician who viewed them on the patient's 
admission to hospital. There was a higher proportion 
of normal or equivocal X-ray findings in female 
patients compared with males, and the difference was 
significant (Table II). 

Patients with normal or equivocal X-ray appear- 
ances on admission were approximately 10 years 
younger on average than patients with positive 
X-ray findings, but there was a large overlap of ages. 
The time from onset of the illness to ultimate laparo- 
tomy was not affected by sex or initial radiographic 
findings. However, an important difference became 
evident when the time from hospital admission to 
laparotomy and the incidence of strangulation were 
related to the initial X-ray findings. 

Patients with normal or equivocal radiography 
suffered a longer delay before laparotomy (3-120 h, 
mean 35) than those with positive X-ray films (1—66 h, 
mean 17). This difference was significant (Mann- 
Whitney test P« 0-01). 

When patients whose radiographs were normal or 
equivocal eventually came to operation, the incidence 
of strangulation was higher than in those patients 
with positive X-ray findings on admission (Table III). 

The incidence of strangulation was 27 of 42 females 
and 13 of 29 males. Thirteen of the 16 females with 
normal or equivocal radiography developed strangu- 
lation, indicating that they were at particular risk. 
The time from onset of illness to X-ray examination 
on admission, although similar for both sexes, 
ranged from 4 to 144 h (mean 41) in those patients 
with positive films, and was much shorter, 3-120 h 
(mean 19), in those in whom they were normal or 
equivocal. This difference was highly significant 
(Mann-Whitney test P — 0-001). 

The incidence of complications related to laparo- 
tomy for adhesive small bowel obstruction, the 
incidence of gangrenous bowel requiring resection 
and the mortality rate were unrelated to the initial 
X-ray findings (Table IV). 

Because radiography was so frequently misleading, 
an analysis of the relationship between other clinical 
and laboratory data and the operative findings was 
performed to assess their reliability as diagnostic 
criteria. Tachycardia was frequent in both strangu- 
lating and non-strangulating groups and appeared to 
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Table I: PRESENTING SYMPTOMS 
Males Females Total 

Symptom (n= 29) (n= 42) (n= 71) 
Pain 29 | 42 71 
Vomiting 26 40- 66 
Constipation 12 15 27 
Distension 6 6 12 
Table II: INITIAL RADIOGRAPHIC FINDINGS 
Radiographic 

appearance Males Females 
Positive 22 22 
Normal or 5 16 

equivocal 





y? test P 0-05. 


Table HI: INITIAL RADIOGRAPHIC FINDINGS 
RELATED TO INCIDENCE OF STRANGULATION 


Radiographic Strangulated Non-strangulated 
appearance (n= 35) {n= 30) 


Positive 19 25 
(n — 44) 

Normal or 16 5 
equivocal 
(n= 21) 


z? test P «0-025. 





Table IV: COMPLICATIONS OF SURGERY 
RELATED TO RADIOGRAPHIC APPEARANCE 
Normal or 


Complications Positive (n = 44) equivocal (n == 21) 


Significant 14 5 
postoperative 
complications 

Gangrenous 5 4 
bowel 

Death 2 1 


Table V: CLINICAL FEATURES RELATED TO 
TYPE OF BOWEL OBSTRUCTION 


Non- Gangrenous 
Strangulating strangulating bowel 
Feature {n= 40) (n= 31) {n= 10)* 

WBC> 10 = 10/1 23 (of 33) 11 (of 22) 7 (of 9) 
Temperature 7 6 4 

>37 °C 
Constant pain 23 15 4 
Preoperative 37 12 10 

peritonism 


* Eight female and 2 male. 


be associated with pain and apprehension. Pre- 
operative shock occurred in 5 patients, all of whom 
had strangulating obstruction, and 4 of the 5 had 
gangrenous bowel. 

The pain remained colicky in many patients with 
strangulation and even gangrenous bowel, and the 
presence of constant pain did not discriminate between 
strangulating and  non-strangulating obstruction 
(Table V). Nine of the patients complained of constant 
back pain. Six of these had strangulation (2 volvulus, 
3 closed loop, 1 band adhesion) and 3 had non- 
strangulating obstructions (1 closed loop, 2 band 
adhesions). 
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Twenty-two of the 40 patients with strangulation 
had abdominal tenderness and guarding (signs of 
peritoneal irritation) on admission. This number had 
risen to 37 at the time of the decision to perform 
laparotomy. All the patients with gangrenous bowel 
had preoperative evidence of peritonism. Of the 
female patients who had normal or equivocal initial 
X-ray films, 6 had signs of peritoneal irritation on 
admission, but this had no influence on the delay in 
performing laparotomy, which was similar to that in 
those without initial peritonism. 

The highest recorded preoperative white cell count 
and temperature were unreliable as diagnostic criteria 
(Table V). 


Discussion 

This series of patients demonstrates that the diagnosis 
of small bowel obstruction is not always readily 
made by X-ray examination at the time of presenta- 
tion, and emphasizes the difficulty of distinguishing 
strangulating from non-strangulating obstruction. 

The most common clinical features in 74 patients 
with strangulating bowel obstruction reviewed by 
Leffall and Syphax (1970) were abdominal tenderness, 
tachycardia, leucocytosis, constant pain and fever. 
There was no single feature or combination of 
features which could be relied on. Barnett et al. (1976) 
reported a mortality of 37 per cent in 151 patients 
with gangrenous bowel. 

The aim of surgical management should be to 
suspect strangulation early, and to relieve it before 
the development of the late signs of gangrenous 
bowel with its associated increased mortality. In the 
present series, patients with strangulating and non- 
strangulating obstruction have been compared, and 
the most reliable of the clinical features was peri- 
toneal irritation, which was nearly always present in 
strangulating obstruction. Other clinical features were 
inconsistent. Assessment of combinations of data and 
frequent re-evaluation of the patient's progress are 
therefore important if laparotomy is to be correctly 
timed. Although lapse of time is not as important 
as suspicion of the strangulation as an indication for 
operative relief of adhesive bowel obstruction, it is 
clearly implied from this series that a complete 
obstruction which is unrelieved within 24 h of com- 
mencing adequate intravenous fluids and nasogastric 
aspiration is unlikely to respond to a continuation of 
conservative management. 

Delaney (1972) studied 94 patients with small 
bowel infarction and concluded that prognosis was 
related to the severity of disease from the outset, 
rather than the length of time for which symptoms 
had been present. This suggests an explanation of 
the sequence of events in our patients with strangulat- 
ing obstruction. They appear to present earlier than 
those without strangulation because their pain and 


vomiting are more severe. At this early stage, because 
of copious vomiting and, sometimes, the presence of a 
closed loop obstruction, radiography is commonly 
normal or does not show diagnostic features. When 
the X-ray films do not suggest bowel obstruction, and 
in the presence of signs of peritoneal irritation, other 
diagnoses such as salpingitis, cholecystitis or pan- 
creatitis may be considered. The patients may be very 
distressed and difficult to interview and examine, and 
may be regarded as ‘hysterical’. 

Some apparently normal initial X-ray films may 
show evidence of small bowel obstruction which is 
misinterpreted, though most in fact are normal or at 
least equivocal, even in retrospect. It is well known 
that a high small bowel obstruction may be associated 
with normal X-ray appearances; however, in most of 
our patients, the obstruction was in the distal ileum, 
indicating that normal X-ray appearances may also 
occur in low small bowel obstruction. It is also pos- 
sible for the small bowel proximal to the obstruction 
to be filled with fluid so that no fluid levels nor the 
outline of the bowel wall are visible (Kingsnorth, 
1976). Schmidt (1965) reported that 7 of 8 patients 
with strangulating intestinal obstructions had radio- 
graphs showing a 'bubbly' appearance of faecal 
debris in the ascending colon as well as grossly 
distended loops of small bowel and empty distal 
colon. In contrast, only 3 of 46 patients with simple 
obstruction showed this appearance. Leffall and 
Syphax (1970) did not find this pattern and it was not 
helpful on reviewing the X-ray films in the present 
series, 

The two reported cases and the whole patient 
series illustrate that normal radiography on admission 
inhibits the diagnosis of small bowel obstruction. 
Female patients are at particular risk and may then 
develop strangulating obstruction. Caution and 
suspicion are necessary in assessing a distressed 
female patient with abdominal pain, vomiting and a 
scar from a previous laparotomy. Despite normal 
radiography, the patient may have a strangulating 
adhesive small bowel obstruction requiring early 
operative relief. 
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The role of IgA in the prevention of bacterial 
colonization of the jejunum in the vagotomized subject" 
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SUMMARY 

The efficacy of three mechanisms of defence against 
jejunal bacterial colonization (i.e. gastric acid, vagal 
and pyloric integrity and intestinal IgA) has been 
investigated. Only in subjects with disturbance of all 
three mechanisms did significant jejunal colonization 
occur, and this was invariably associated with severe 
diarrhoea. Clearly normal intestinal IgA is of critical 
importance in the prevention of jejunal bacterial 
colonization in the vagotomized subject. 


In the fasting state the upper small intestine contains 
few micro-organisms (Drasar et al., 1969). This has 
been variously ascribed to the ‘germicidal barrier’ of 
gastric acid (Knott, 1923), vagal integrity with effec- 
tive normal peristalsis (Dixon, 1960) and the presence 
of normal intestinal IgA secretion (Heremans et al., 
1966). In the Merseyside survey into the incidence 
and aetiology of severe post-vagotomy diarrhoea 
(McLoughlin et al., 1976) 6 of the 14 patients who 
developed this complication were found to have 
primary IgA deficiency and significant jejunal bacterial 
colonization. It has been reported, however, that 
there is no significant difference in the incidence of 
jejunal colonization between those patients who have 
and those who have not developed diarrhoea follow- 
ing truncal vagotomy (Browning et al., 1974). The 
present study was designed to examine the contribu- 
tion of each putative defence mechanism in the 
prevention of significant bacterial colonization of the 
vagotomized jejunum. This has been investigated by 
measuring quantitative and qualitative changes in 
the small intestinal flora of patients who exhibited 
deficiency of one or more defence mechanism, and in 
patients who, following truncal vagotomy and 
drainage, had either normal bowel habit or severe 
diarrhoea. 


Patients and methods 

Six groups of patients were studied: group 1, 16 normal 
control subjects; group 2, 6 patients who had undergone 
truncal vagotomy and gastroenterostomy 1-5 years previously, 
but who had not noted any change in bowel habit; group 3, 
as group 2, but patients who had developed persistent severe 
diarrhoea, defined as six or more bowel actions per day 
associated with an urgent desire to defaecate and the passage 
of unformed stools; group 4, healthy blood donors who were 
found on screening to have primary IgA deficiency; group 5, 
3 patients with the syndrome of pernicious anaemia, atrophic 
gastritis and primary IgA deficiency; group 6, 6 patients who, 
following truncal vagotomy and gastroenterostomy, developed 
severe diarrhoea and who were found on investigation to be 
IgA-deficient. 

The following investigations were performed in all groups. 
Gastric acid secretion was studied, both basal and post- 
pentagastrin maximal acid output being measured. In the 
vagotomized groups adequacy of vagotomy was assessed by 
the post-insulin response using Hollander’s criteria (1946). 
IgA, IgG and IgM levels were measured in serum, saliva and 
jejunal aspirate using a Technicon automated immuno- 
precipitin machine and Technicon antisera. Serum IgE levels 


were determined by radioimmunoassay (Phadebas IgE, 
Pharmacia). Serum C3 and C4 levels were determined by 
immunodiffusion (Hoechst immunoplates) Serum was 
examined for food antibodies (egg albumen, egg yolk, milk 
precipitins and gluten) by double diffusion in agar and for 
antinuclear factor and antibasement membrane antibodies by 
immunofluorescence. 

Two screening methods for jejunal colonization were 
employed. First, a direct study of jejunal flora by the method 
of Drasar et al. (1969) was carried out. After a 12-h fast a 
Shiner tube was passed under fluoroscopy into the upper 
jejunum. The jejunal aspirate was diluted tenfold, plated 
immediately and incubated for 4 days under both aerobic and 
anaerobic conditions. The protocol employed was identical to 
that of Browning et al. (1974). Organisms were identified 
as pharyngeal, colonic or anaerobic species and their 
numbers expressed as logi, organisms per millilitre of aspirate. 
Secondly, an indirect estimate of jejunal colonization was 
obtained by measurement of potassium indoxyl sulphate 
(indican) in a 24-h urine specimen. The result was expressed 
as milligrammes of potassium indoxyl sulphate per gramme of 
urinary creatinine (Curzon and Walsh, 1962). In groups 2-6 
inclusive studies of small bowel absorptive function were 
performed (5-day faecal fat, urinary d-xylose excretion after a 
25-g load, Schilling test and serum prothrombin and calcium 
levels). In these groups small bowel morphology was studied 
by jejunal biopsy and morphology and transit characteristics 
by galactomin barium meal (Whitehouse and Temple, 1977). 
Biopsies, aspirate and stools were routinely examined for 
Giardia lamblia. 


Results 

Complete vagotomy was confirmed in groups 2, 3 
and 6. Patients in groups 4, 5 and 6 all had absent 
IgA in serum saliva and jejunal aspirate. Two patients 
in group 3 had antibodies to gluten, steatorrhoea and 
subtotal villous atrophy on jejunal biopsy. Both 
patients responded to a gluten-free diet, confirming 
coeliac disease to be responsible for their diarrhoea. 
Apart from these 2 patients and 2 others in group 6 
who had weak egg yolk and basement membrane 
antibodies, all patients in the IgA-deficient and non- 
deficient groups were otherwise serologically normal. 
While all patients in group 6 had chemical evidence of 
malabsorption, only 2 patients in this group had 
mild steatorrhoea (5-2 g, 64g faecal fat per 24 h). 
Apart from these findings, all patients studied had 
normal radiology, jejunal biopsy and absorption 
studies. Both quantitative and qualitative comparison 
of the flora in the jejunal aspirate between the control 
group and groups 2-5 inclusive (Fig. 1) failed to 
reveal any significant difference in either the degree or 
the type of jejunal bacterial colonization. Patients 
who had primary IgA deficiency and who had, in 
addition, undergone truncal vagotomy and drainage 
(group 6) exhibited a highly significant increase in all 
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Table I: DEFENCE STATUS AND COMPARISON OF JEJUNAL ASPIRATE COLONY COUNTS BETWEEN 


GROUP 1 AND GROUPS 2-6 


Logi, organisms/ml aspirate 


Group Gastric acid V-+-P integrity IgA Total Ph. Col. An. 
1 Controls ebore Es + 
2TV+D 4d- 0 4 n.s. n.s. n.s. ns. 
3 TV-i D and diarrhoea 4- 0 -F n.s. ns. ILS. n.s. 
4 Absent IgA TE -+ 0 n.s. ns. n.s. n.s. 
5 Absent IgA and gastric acid 0 4 0 n.s. n.s. n.s. ns. 
6 Absent IgA and TV+D ~} 0 0 «: 0-001 < 0-001 «0-001 « 0-001 


V 4- P, Vagal and pyloric; TY +D, truncal vagotomy and drainage; Ph., pharyngeal; Col., colonic; An., anaerobic. 


8 * 
Pharyngeal 
7 = ryngea X-2 s.e. mean 
. Colonic =P .- 0-001 
a Anaerobic 
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E 





Dr 2 2 ge oe 


Fig. 1. Bacterial flora of jejunal aspirate of controls and 
subjects with deficiency of one or more jejunal defence 
mechanisms. 
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Fig. 2. Urinary indican excretion over 24 h in controls and 
subjects with deficiency of one or more jejunal defence 
mechanisms. 








varieties of flora compared with controls (P< 0-001). 
This was reflected by a highly significant increase in 
urinary indican excretion (P « 0:001) (Fig. 2). Giardia 
lamblia was not identified in jejunal aspirate, mucosal 
biopsy specimens or faeces. 


Discussion 

This study showed that in the fasting state neither 
quantitative nor qualitative differences in iejunal 
flora could be found between controls and our 
patients, provided that the latter had at least one 
primary defence mechanism completely intact (Table 
I). Thus, patients who had undergone truncal vagotomy 
and gastroenterostomy (groups 2 and 3) did not 
develop significant jejunal colonization in spite of 
being dually compromised by reduced acid output 
and loss of pyloric integrity, since intestinal IgA 
secretion was normal. Similarly, significant jejunal 
colonization was not found in achlorhydric IgA- 
deficient patients (group 4) as vagal and pyloric 
integrity with effective normal peristalsis (Dixon, 
1960) must have afforded protection. On the other 
hand, when all three putative defence mechanisms 
were disturbed, significant jejunal colonization 
occurred (group 6). This observation both confirms 
and explains the findings of others (Dellipiani and 
Girdwood, 1967; Tinker et al., 1971; Browning et al., 
1974) that when intestinal IgA secretion is normal, 
post-vagotomy diarrhoea (as in group 3) need not 
necessarily be associated with significant jejunal 
colonization, and that some other aetiology such as 
coeliac disease (Hedberg et al., 1966), lactose 
intolerance (Welsh et al., 1966) or disturbed gastric 
emptying (McKelvey, 1970; Colmer et al., 1973) must 
be sought. Furthermore, our findings provide an 
explanation as to why jejunal colonization is seldom 
found in immune-deficient individuals (McCarthy 
et al., 1965). 

Between January 1969 and December 1973 just 
over 2000 truncal vagotomies with drainage were 
performed in the Merseyside Regional Health 
Authority area. For every 1000 patients undergoing 
the operation, 7 developed severely disabling diar- 
rhoea. Almost half of these patients have been found 
to have primary IgA deficiency (McLoughlin et al., 
1976). Primary asymptomatic IgA deficiency has been 
reported to occur in between 1 (Fine, 1973) and 3 
(Bachmann, 1965) per 1000 of the population. It is 
important that surgeons be aware of this potentially 
vulnerable group, since unlike other patients who 
will develop severe post-vagotomy diarrhoea, they 
can be identified preoperatively by simple serological 
screening. 
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Endoscopic appearances and histological changes 


in ulcer-associated duodenitis 
J. G. STEPHEN, M. LESNA AND C. W. VENABLES* 


SUMMARY 

A simple system of grading the endoscopic appearances 
of duodenitis is described. There was a good association 
between the degree of duodenitis recorded using this 
method and that obtained from a histological grading 
system in a group of duodenal ulcer patients and a 
group of dyspeptic patients with no endoscopic evidence 
of duodenitis. Endoscopic assessment is recommended 
as a reliable guide to the presence of duodenitis. 

After I month of treatment with cimetidine there 
was a significant improvement in the endoscopic 
duodenitis scores of a group of 17 duodenal ulcer 
patients. In 16 of these patients there was complete 
ulcer healing. 

Duodenitis can be a manifestation of chronic 
duodenal ulcer disease. In the absence of ulceration, 
the endoscopic diagnosis of duodenitis is of value in 
the recognition of patients with this condition. 


In the year from August 1976 to July 1977 a total of 
1877 upper gastrointestinal endoscopies was per- 
formed by 15 different endoscopists in the Royal 
Victoria Infirmary, Newcastle upon Tyne. In 371 
the presence of ‘duodenitis’ was reported, either as a 
single abnormality or together with other changes. 
In only 15 per cent of these patients were biopsies 
taken for histological examination. Although the 
term ‘duodenitis’ is used commonly by endoscopists, 
the interpretation of its pathological significance, the 
methods of diagnosis and the grading of its severity 
are still the subjects of controversy. 

In this study we have recorded the endoscopic 
abnormalities and the corresponding histological 
changes in the duodenal cap mucosa of patients with 
duodenal ulcer disease, before and after a 1-month 
course of treatment with cimetidine (a histamine 
H,-receptor antagonist). Observations have also been 
made on the histological appearances of the duodenal 
mucosa of a series of dyspeptic patients with no 
endoscopic evidence of duodenitis. 


Patients and methods 

A total of 37 patients was studied by endoscopy and biopsy. 
Group 1 consisted of 17 patients with a duodenal ulcer con- 
firmed by fibreoptic endoscopy (Table I). These patients were 
treated with cimetidine, 400 mg orally four times a day for 
| month, after which endoscopy was repeated. Group 2 
comprised 20 patients who presented with upper gastro- 
intestinal symptoms and who, at endoscopy, had apparently 
normal duodenal cap mucosa (Table II). 

All the endoscopies were performed by one person (J. G. S.). 
Informed consent had been obtained from each patient. 
Sedation was achieved by pentazocine and diazepam in 
intravenous doses of up to 30 mg and 20 mg respectively, as 
required. Hyoscine-N-butyl bromide (40 mg) was administered 
intravenously to obtain muscular relaxation on reaching the 
duodenal cap. The fibreoptic endoscopes used were the 
Olympus GIF D3 (end-viewing) and, where necessary, a 
GFB2 (side-viewing), with an Olympus CLE3 light source. 
Biopsy samples were taken with Olympus biopsy forceps 
(FB 3K). Endoscopic duodenitis was graded from 0 to 3 
according to severity (normal mucosal appearances were 
graded 0, reddened mucosa 1, reddening, oedema and contact 


bleeding 2, and the above plus ‘pepper and salt” change were 
graded 3). Three biopsy samples were obtained from the 
duodenal cap. If the cap mucosa was considered normal, the 
samples were taken at random, but if the mucosa appeared 
inflamed, they were taken from the affected area. When an 
ulcer was present biopsies were taken at least 3mm away 
from the ulcer margin, 


Table I: GROUP 1 (17 DUODENAL ULCER 
PATIENTS) 


Age (yr) Mean 48 Range 28-63 
Sex distribution Male 12 Female 5 
Duration of ulcer Mean 14 Range 3-30 


symptoms (yr) 
Previous complications 
(no. of patients) 


Table II: GROUP 2 (20 DYSPEPTIC PATIENTS WITH 
ENDOSCOPICALLY NORMAL DUODENAL MUCOSA) 


Haemorrhage 2 
Perforation i 


Age (yr) Mean 45 Range 20-64 
Sex distribution Male 12 Female 8 
Main symptoms Heartburn § 
Abdominal 15 
pain 
Duration of Mean 4yr Range 1 mth-20 yr 


symptoms 


The tissue was fixed in formol saline, post-fixed in mercuric 
chloride solution and multiple sections were stained with 
haematoxylin and eosin, periodic acid-Schiff with amylase 
predigestion and Foot’s silver impregnation technique for 
reticulin. The sections were assessed by the same histo- 
pathologist (M. LJ, without knowledge of the patients’ 
clinical condition or the endoscopic findings. Histological 
abnormalities in the duodenal mucosa were graded using the 
criteria designed by Whitehead et al. (1975) and finally a single 
grade of severity of inflammation was assigned to each patient. 
For practical purposes grade 0 and grade 1 were both regarded 
as within normal limits, grade 2 signified unequivocal inflam- 
mation and grade 3 denoted severe duodenitis (Fig. 1). 


Results 


Group 1 

All patients with duodenal ulcers had duodenitis of 
varying severity demonstrated at endoscopy. How- 
ever, in 8 of these patients there was no histological 
evidence of duodenitis. Following treatment with 
cimetidine, the ulcers healed completely in 16 of the 
17 group 1 patients, and their endoscopic duodenitis 
grades improved (Fig. 2). The remaining patient with 
persistent ulceration showed improvement in her 
endoscopic duodenitis score but no resolution of her 
histological grade 2 duodenitis. Of the 8 patients 
with no histological duodenitis initially, 6 showed 
the same result after the course of cimetidine, but 2 
deteriorated to grades 2 and 3 respectively. Eight of 
the 9 patients with histological duodenitis at the outset 
showed improvement after treatment. 

Before treatment with cimetidine, 11 out of the 
17 group 1 patients, and after treatment 15 out of 17, 
had endoscopy scores within one grade of the histology 
score for duodenitis (Fig. 3). 
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Fig. 1. a, Duodenitis grade 0-1. Note mild oedema of the 
lamina propria and cellular infiltrate composed mostly of 
plasma cells. b, Duodenitis grade 2. Most of the surface 
epithelium is normal. There is dense inflammatory infiltrate 
of the lamina propria extending downwards around 

Brunner glands. c, Duodenitis grade 3. Surface ulceration 

is shown. There is much inflammatory infiltrate in the lamina 
propria. Some crypts and part of the surface epithelium are 
invaded by neutrophils. (HE. x 87.) 
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ENDOSCOPIC 
SCORE 


HISTOLOGICAL 
SCORE 


3 8000 Lj 





After 


After 


Fig. 2. The endoscopic and histological scores of severity of 
duodenitis before and after a 1-month course of cimetidine 
(400 mg q.i.d.). Each circle represents the result of one 
patient. (NB Histological grades of both 0 and 1 are 
regarded as normal.) 


Before 


Before 


Group 2 

Nineteen out of 20 patients with no endoscopic 
evidence of duodenitis (group 2) had normal histo- 
logical appearances (grade 0 or 1). One patient showed 
histologically severe duodenitis (grade 3). 


Discussion 

Preoperative diagnosis of duodenitis has been based 
on radiological, histological or endoscopic findings. 
Radiologically, a coarse mucosal pattern in the 
absence of an ulcer crater has been interpreted as 
representing duodenal inflammation (Kirklin, 1934). 


+ 
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Fig. 3. Circles represent the endoscopic and histological scores of each patient 


before and after a 1-month course of cimetidine (400 mg q.i.d.). 


The use of tube biopsy under radiographic control 
(Shiner, 1956) allowed the histological examination 
of duodenal mucosa specimens. The introduction of 
fibreoptic endoscopes facilitated duodenal biopsy. 

Endoscopically obtained specimens are smaller 
than those obtained by tube biopsy. However, the 
biopsy samples in our study (2-3 mm in diameter) 
provided adequate material for histological examina- 
tion. The advantage of endoscopic biopsy in the study 
of duodenitis is that it allows accurate selection of 
inflamed tissue. In the tube biopsy method the 
specimens must be taken ‘blind’ or under fluoroscopic 
control. 

Reddening of the duodenal mucosa may not be a 
sign of inflammation, but may be physiological or 
Occur in response to instrumentation (Thompson, 
1974). Endoscopically, the distinction of mild 
duodenitis from normal was facilitated by comparison 
of the mucosal appearances in the first and second 
parts of the duodenum (the latter rarely being 
inflamed). Our routine practice was to examine the 
mucosa of the second part of the duodenum, where 
possible, in all patients. 

Duodenitis can be classified into three groups: 
(a) ulcer-associated, (5) associated with other diseases 
(e.g. Crohn's disease, parasitic infestations etc.) 
and (c) non-specific (idiopathic). 

Cheli and Aste (1976) regard the inflammatory 
change seen in the region of a duodenal ulcer as a 
secondary local phenomenon, and do not accept the 
concept of duodenitis as an early stage of ulcer 
disease. However, Joffe et al. (1977) have followed up 
14 patients with duodenitis alone (diagnosed at 
endoscopy) for periods of 1 to 3-5 years. They 
found that 6 of these developed duodenal ulcers. 
This observation supports the hypothesis that 
duodenitis can be a manifestation of the duodenal 
ulcer diathesis. 

Information from studies on chronic duodenal 
ulcer disease involving repeat endoscopy has em- 
phasized the rapidity of healing of many ulcers. For 
example, Bodemar et al. (1977) reported 17 per cent 
healing at 3 weeks and 36 per cent at 6 weeks of 
placebo-treated patients with duodenal ulceration. 
We have found that resolution of duodenitis does not 
always accompany complete healing of the ulcer, 


despite an overall improvement in the histological 
and endoscopic scores. Of the 16 patients with 
healed duodenal ulcers, 4 still had endoscopic evidence 
of grade 1 duodenitis and 3 had histological duodenitis 
(grades 2, 2 and 3 respectively). It is possible that 
some endoscopies will be carried out on patients 
with true duodenal ulcer disease at a time when the 
only manifestation of the disease will be duodenitis. 
Consequently, if a patient is seen to have duodenitis 
but no ulcer crater, he should not be assigned auto- 
matically to the non-specific duodenitis group. 

However, whether or not non-specific duodenitis 
exists as a separate entity, we are concerned here 
with ulcer-associated duodenitis. In our experience 
duodenitis of varying severity and extent is usually 
present in a duodenal cap containing ulceration. We 
found that no definite distinction could be made 
between Whitehead’s histological grade 0 and grade 1 
duodenitis. The only difference here is the quantity 
of cells in the lamina propria, and this varies con- 
siderably in the normal state (Roca et al., 1975). 

There was usually a close relation between the 
endoscopic and histological grade of duodenitis in the 
patients with definite duodenal ulcer disease (group 
i). However, if we regard the histology as providing 
the final definitive diagnosis, endoscopy alone gives 
11 false positive and 2 false negative diagnoses of 
duodenitis from 34 examinations. These findings 
confirm that it is wise to substantiate histologically 
an endoscopic diagnosis of duodenitis (Thompson 
and Holme, 1974). Our results in the group 2 patients 
suggest that patients with normal duodenal mucosa 
on endoscopic inspection usually have normal 
histology. 

Cimetidine reduces gastric secretion (Pounder et al., 
1976). It promotes healing of duodenal ulcers and 
reduces the symptoms associated with them (Bodemar 
et al., 1977). In our duodenal ulcer patients there was 
a significant improvement in duodenitis evaluated 
endoscopically after a 1-month course of cimetidine. 
The majority of patients who had shown histological 
duodenitis initially were demonstrated to have 
improved histological grades after cimetidine. How- 
ever, 2 of the patients with no histological duo- 
denitis initially actually deteriorated to grades 2 and 3. 
The ulcers had healed and the endoscopic duodenitis 


had improved in both of these patients. It is possible 
that the initial biopsies were inaccurately localized, 
causing the removal of uninflamed mucosal tissue, 
or that the mucosal changes were patchy. 

In 16 out of 17 patients the ulcers healed com- 
pletely. It seems likely that cimetidine produces an 
improvement in duodenitis in ulcer patients, although 
control data would be required to establish this. 
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Graft avulsion: an unreported complication of 


axillofemoral bypass grafts 
A. S. DAAR AND D. R. A. FINCH* 


SUMMARY 

A case of avulsion of a unilateral axillofemoral 
Dacron bypass graft 3 weeks after insertion is reported. 
Surface measurements on healthy volunteers suggest 
that when the thoracolumbar spine is in full lateral 
flexion the length of the graft may increase by up to 21 
per cent. Such movements should be restricted during 
the early postoperative period. 


THe axillofemoral bypass graft was introduced 
simultaneously by Blaisdell and Hall and by Louw 
in 1963. It is considered an effective and safe method 
of restoring the circulation to the lower limbs 
(Mannick and Nabseth, 1968). The indications for 
this operation have been reviewed by Blaisdell et al. 
(1970), the fundamental indication being the need 
to revascularize the lower extremities when the 
conventional transabdominal approach to aorto-iliac 
reconstruction is contraindicated by either associated 
disease or local sepsis. Recent data from LoGerfo et 
al. (1977) indicate that axillobilateral femoral grafts 
may have a 5-year patency rate comparable with 
that obtained by direct aorto-iliac reconstruction. 

We report here a serious complication of the axillo- 
femoral procedure which has not been reported 
previously, 


Case report 

A 66-year-old woman with known systemic lupus erythema- 
tosus being treated with prednisolone 15 mg daily was admitted 
to the Radcliffe Infirmary, Oxford, with a critically ischaemic 
left foot. Translumbar aortography confirmed the clinical 
diagnosis of extensive bilateral aorto-iliac occlusive disease. 
Because of her poor general condition it was felt that direct 
transabdominal aorto-iliac surgery was contraindicated and 
an 8-mm Dacron left axillo-unilateral-femoral graft was 
inserted. Anastomoses were completed with continuous 
5/0 polypropylene (Prolene, Ethicon Ltd). Recovery was 
uneventful but the distal part of the left lower limb remained 
ischaemic, despite patency of the graft, and a below-knee 
amputation had to be performed 5 days later. The stump 
healed well, but 3 weeks after the graft was inserted the patient 
was attempting to pull herself over in bed from the prone 
position, with the left arm in full abduction and the spine in 
full lateral flexion, when she experienced a sudden pain below 
the left clavicle with immediate swelling of the tissues of the 
left side of the neck, axilla and thorax. She was transferred to 
theatre immediately where the graft was found to have become 
avulsed from the axillary artery in its lateral third. The 
continuous polypropylene suture was intact but had torn out 
of the axillary artery in several places. There was no evidence 
of sepsis and no macroscopic evidence of healing at the 
anastomotic site. Control of the subclavian artery proximally 
was rapidly achieved and the graft reanastomosed to the 
axillary artery. Graft thrombectomy was performed through 
a separate incision after evacuation of the haematoma and the 
patient subsequently made an uneventful recovery. 


Discussion 

Specific complications of the axillofemoral bypass 
procedure include early and late graft infection and 
graft thrombosis (Moore et al., 1971), leakage of the 
graft where it crosses the lower rib cage (Nunn, 1977), 
late brachial artery thrombosis and the development 
of a false aneurysm in the groin (Johnson et al., 1977). 


We have also seen one patient who developed brachial 
artery embolism following a successful axillofemoral 
graft thrombectomy. Avulsion of the graft from the 
axillary artery is a potentially fatal complication 
which has not so far been recorded. 

The absence of macroscopic evidence of healing at 
the anastomotic site at re-exploration 3 weeks after 
the operation would suggest that long term steroid 
administration was at least partly responsible for the 
anastomotic failure. However, we would suggest 
that mechanical factors were a major cause of the 
avulsion, which occurred when the thoracolumbar 
spine was in full lateral flexion and the upper limb in 
full abduction. 

We have made direct surface measurements between 
the femoral and axillary arteries along the recom- 
mended course of the axillofemoral graft (Blaisdell 
et al., 1963) in 13 healthy volunteers (a) with the arm 
by the side and the volunteer lying supine with the 
spine straight and (b) with the arm fully abducted and 
with maximum lateral flexion of the spine, convex to 
the side of measurement. In the latter position there 
was a mean increase in length of 8:$cm (range 
4-12 cm), corresponding to a mean increase of 14:4 
per cent (range 6°7-21-'6 per cent). Whilst it is 
appreciated that these measurements may not 
accurately represent the true increase in distance along 
the actual path of the graft subcutaneously, it is felt 
that they are sufficiently representative to recommend 
that such postures should be avoided in the early 
postoperative period following insertion of an axillo- 
femoral bypass. It is also important that the graft 
should not be inserted under undue tension. 
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Thermography in screening postoperative deep vein 
thrombosis: a comparison with the “I-fibrinogen test 


D. BERGQVIST AND T. HALLBOOK* 


SUMMARY 

The value of thermography as a screening method for 
postoperative deep vein thrombosis has been evaluated 
in 308 patients (616 legs). Comparison was made with 
the }*]-fibrinogen test. The overall diagnostic agreement 
was 81-0 per cent; the sensitivity was 62-1 per cent and 
the specificity 90-3 per cent. The agreement increased 
with proximal extension of the thrombi. Thermography 
became positive 0-26 days after the "I-fibrinogen test 
but in 19:8 per cent thermography was positive before a 
positive fibrinogen test. 


OngjEGTIVE diagnostic methods are necessary to 
evaluate prophylactic measures against postoperative 
deep vein thrombosis (DVT). Phlebography can be 
used, but it is laborious and not without complica- 
tions. Plethysmography is almost insensitive in isolated 
calf vein thrombosis. The 3" I-fibrinogen test has 
gained increasing popularity, and its use has provided 
valuable information regarding the natural history 
and frequency of postoperative DVT. 

Thermography is a new addition to the diagnostic 
arsenal; it has been shown to be as sensitive as 
phlebography in the detection of acute DVT(Cookeand 
Pilcher, 1974; Bergqvist et al., 1975, 1977a; Leiviskä 
and Perttala, 1975). The method is simple and non- 
invasive and can be repeated ad libitum. Screening for 
postoperative DVT is thus a possible field of applica- 
tion for this technique. This investigation compared 
thermography with the screening method of choice 
today, the 1*I-fibrinogen test. 


Patients and methods 

Parallel investigations were made using the }**]-fibrinogen test 
and thermography for screening the development of deep vein 
thrombosis during the postoperative period in 308 patients who 
were included in a study on prophylaxis against postoperative 
DVT. A total of 616 legs was investigated with both methods 
and a methodological comparison can thus be made. Table I 
summarizes the patient material. Control patients received no 
thrombosis prophylaxis. Patients treated with Dextran 70 
received 500 ml. i.v. (Macrodex 6 per cent in NaCl, Pharmacia 
AB, Uppsala) preoperatively, 300 ml immediately post- 
operatively and 500 ml on postoperative days 1 and 3. Patients 
treated with low dose heparin received 5000 i.u. s.c. (heparin 
Vitrum 10 000 i.u./ml, AB Vitrum, Stockholm) 2 hours pre- 
operatively and then every twelfth hour for 5 days. The two 
investigations were made in close parallel to each other. 

After a few minutes in the supine position without bed 
coverings and with the legs elevated 20^ above the heart level, 
the ?5I.fibrinogen test was performed. The duration of this 
investigation is about 10 min and thus the period before 
thermography was about 15 min. The patients were studied 
every day or every second day for 7-10 days postoperatively. 


The **5]-fibrinogen test 

After thyroid block with peroral KI—a medication which was 
continued for a fortnight—100 uCi of Amersham **I-labelled 
fibrinogen were injected i.v. Measurements were made at eight 
points on each leg and precordially, preoperatively and on each 
or every second postoperative day. The uptake activity at each 
point was correlated to the heart activity and expressed as a 
percentage. An increase in uptake activity of 20 percent or more 


compared with adjacent points and on two or more con- 
secutive investigations was considered diagnostic of DVT. 


Thermography 

Thermography was performed using an AGA Thermovision 
680 medical system. This consists of a scanning camera and à 
display unit. Details of the method and of interpretation of 
thermograms are given by Bergqvist et al. (1977a). The thermo- 
graphic picture on the display unit was photographed on 
Kodak Tri-X (400 ASA) film. The patients were examined in à 
separate room and pictures taken of the front of the calves and 
thighs. The thermographic appearance of normal legs shows 
areas of pretibial and prepatellar cooling and an even grey or 
mottled thigh picture. A decrease or absence of the pretibial 
and/or prepatellar cool areas and/or absence of the normal 
thigh pattern were considered diagnostic criteria of DVT. 
There was no subsequent clinical investigation of the patients’ 
legs with regard to the thermographic recording. 


Table I: CLINICAL DATA OF THE PATIENT SERIES 
308 patients (616 legs) 
153 male 
155 female 
122 general surgery 
186 hip surgery 
102 control patients 
107 patients treated with Dextran 70 
99 patients treated with low dose heparin 
68-6 (50-94) years of age 


Results 

Table II shows the overall agreement between the two 
methods for the whole series. The diagnostic agree- 
ment was 81:0 per cent. There were 12-5 per cent false 
negative thermograms and 6:5 per cent false positives. 
Based on these calculations, the sensitivity of thermo- 
graphy compared with the fibrinogen test is 62-1 per 
cent and the specificity is 90-3 per cent. 

Diagnostic screening of postoperative DVT is 
known to be difficult in patients who have undergone 
hip surgery. Therefore, an analysis was also made of 
the diagnostic agreement in the 122 general surgical 
patients, with exclusion of patients undergoing hip 
surgery (Table HD. The total agreement then became 
86:1 per cent, there being 8:6 per cent false negative 
thermograms and 5:3 per cent false positives. The 
sensitivity is then 57-1 per cent and the specificity 
93-3 per cent. For patients undergoing hip surgery, the 
overall agreement was 77-7 per cent. 

The patients in this study had different prophylactic 
treatments against postoperative DVT. Table IV gives 
the diagnostic agreement within each prophylactic 
DOM NNNM a ERO e eens cesar aed 
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+ Sensitivity: the accuracy of thermography to detect thrombi 
diagnosed with the fibrinogen test. 


No. of investigations positive with both methods x 100 
No. of investigations positive with fibrinogen test ^  " 


Specificity: the accuracy of thermography to be negative in 
cases where the fibrinogen test is negative. 


No. of investigations negative with both methods x 100 
M trasera trinam retira amem E > 
No. of investigations negative with fibrinogen test 
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Table H: TOTAL DIAGNOSTIC AGREEMENT 
BETWEEN THERMOGRAPHY AND THE 
297 .FIBRINOGEN TEST 
125] .fibrinogen test 


Positive Negative 
Thermography 
Positive 126 40 
Negative 77 373 


The total diagnostic agreement was 81-0 per cent. 


Table IH; TOTAL DIAGNOSTIC AGREEMENT 
BETWEEN THERMOGRAPHY AND THE 
USI-CFIBRINOGEN TEST WHEN PATIENTS 
UNDERGOING HIP SURGERY ARE EXCLUDED 


225]-fibrinogen test 


Positive Negative 
Thermography 
Positive 28 13 
Negative 21 182 


The total diagnostic agreement was 86-1 per cent. 


Table IV: DIAGNOSTIC AGREEMENT BETWEEN 
THERMOGRAPHY AND THE '*I-FIBRINOGEN TEST 
IN GROUPS WITH DIFFERENT PROPHYLAXIS 
AGAINST THROMBOSIS 


No. of Agreement 
Prophylaxis patients CA) 
Control 102 77.8 
Dextran 107 80-3 
Low dose heparin 99 84-0 


Table V: THE DIAGNOSTIC SENSITIVITY OF 
THERMOGRAPHY IN DVT OF DIFFERENT 
LOCALIZATION AND EXTENSION 


No. of 
fibrinogen-positive 75 positive 

thrombi on thermography 
Calf 115 53-0 
Thigh 38 68-4 
Calf -- thigh 50 74-0 
Table VI: ANALYSIS OF FALSE POSITIVE 
THERMOGRAMS 
Thermography positive for 1 day only 8 
Picture with technical defects 5 
Inflammation 4 
No explanation 24 

Total 40 


Table VH: TIME RELATION BETWEEN 
THERMOGRAPHY AND THE 'I-FIBRINOGEN 
TEST IN THE 126 PATIENTS WHERE BOTH 
INVESTIGATIONS WERE POSITIVE 

Time difference 


Yo (d) 
Thermography positive before 19-8 3241-7 
fibrinogen test 
Thermography positive after 31-4 2:8420 
fibrinogen test 
Simultaneous positivity of the 48-8 


two tests 
Maranan mmmn e an a 


group. There is no difference between the three 
treatment groups. 

In Table V the thrombi diagnosed by the !?5[. 
fibrinogen test are divided into three groups according 
to localization and extension— isolated calf thrombi, 


isolated thigh thrombi and combined calf and thigh 
thrombi. It is evident that the diagnostic sensitivity 
increases with increasing thrombus size and proximal 
localization. 

Table VI summarizes the false positive thermograms. 
In 23 cases (57.5 per cent) there was no obvious 
explanation of the discrepancy. In 8 patients there 
were positive thermograms for one day only; how- 
ever, if having two consecutive positive investigations 
is included as a diagnostic criterion for thermography 
(as it is for the '*I-fibrinogen test), the agreement 
increases to only 82:3 per cent. The mean age for 
patients with false positive thermograms was 67:1 
years, which does not differ from the mean age for the 
whole series. The mean age for those with false 
negative thermograms was 70:5 years. Of the patients 
with false negative thermograms, 56-7 per cent were 
female and 44-7 per cent of those with false positive 
thermograms were female, against 50-3 per cent of the 
whole series. 

Of the false positive thermograms, 66:7 per cent 
showed increased heat in the calf, 5:1 per cent in the 
thigh and 28:2 per cent in the whole leg. Of the 
patients with false positive thermograms, 69-2 per cent 
had undergone hip operations against 60-4 per cent in | 
the whole series. 

Of the false negative thermograms, 60-6 per cent 
were located distally in the calf (points 6, 7 and 8 
according to the fibrinogen test), 19:7 per cent 
proximally in the calf (point 5), 10-6 per cent above 
the knee and 9:1 per cent showed whole leg extension. 
Of the patients with false negative thermograms, 
72-7 per cent had undergone hip operations. 

Thermography became positive 0-26 days after the 
U5[.fibrinogen test. Table VII shows the time relation 
between the two methods of investigation where both 
tests were positive. 

One hundred and one of the patients who underwent 
elective hip surgery were screened for postoperative 
pulmonary embolism. With the criteria used (uptake 
defect of at least one segment size on perfusion 
scintigraphy in combination with negative pulmonary 
X-ray), 28 patients developed pulmonary embolism. 
Of these, only 11 had a positive thermogram and 18 
had a positive }°]-fibrinogen test. 


Discussion 

There are several mechanisms in the pathophysio- 
logical development of DVT that are used in the 
different diagnostic tests. Increased temperature and 
delayed cooling are used in thermography. There are 
at least two reasons for this phenomenon-—increased 
skin blood flow and inflammation. As thermography 
is simple, non-invasive and can be repeated many 
times in one patient, our objective in this study was 
to evaluate its possible role as a screening procedure 
in the postoperative period. As the !*.fibrinogen 
test is now considered to be established as the method 
of choice for postoperative DVT screening, it was 
chosen as the reference method. It is known to be 
sensitive, detecting the smallest thrombi (Becker, 
1972). Postoperative thrombosis screening with 
objective methods is especially important when 
different prophylactic regimens are being investigated. 
In this study, Dextran 70 and low dose heparin 
prophylaxis gave the same diagnostic agreement as 
no treatment, and therefore this did not influence the 
diagnostic outcome. 


The sensitivity of thermography compared with the 
fibrinogen test in postoperative screening is somewhat 
lower than the sensitivity obtained when thermography 
is compared with phlebography in patients with 
suspected acute DVT (Bergqvist et al., 1977a). The 
specificity, however, is high. The overall agreement 
increases when patients undergoing hip surgery are 
excluded. In those patients the diagnosis of thrombosis 
is known to be difficult, and important methodological 
problems exist. When the hip patients are excluded, the 
number of false negative thermograms diminishes, 
which could be due to thigh haematoma influencing 
the outcome of the fibrinogen test in patients who 
have undergone hip surgery. Haematoma formation 
is a well-known pitfall when the fibrinogen test is used. 
The slightly lower sensitivity after exclusion of hip 
surgery is probably due to an over-representation of 
fairly large thrombi in this group of patients, the 
average trauma being greater than in a general 
surgical procedure. 

The majority of false negative thermograms 
compared with phlebograms in acute DVT are due to 
small calf vein thrombi (Bergqvist et al., 1977a). As the 
fibrinogen test diagnoses this type of thrombi too, it 
was thought worth while to analyse the thermo- 
graphic sensitivity in relation to the extension of 
thrombosis according to the fibrinogen test. The 
sensitivity decreased distally and with less extensive 
thrombi. A similar relatively low agreement in the 
distal part of the leg is seen when strain gauge 
plethysmography and the fibrinogen test are compared 
postoperatively (Bergqvist et al., 1973). 

As Table VI shows, most of the false positive thermo- 
grams remain unexplained, but it must be stressed 
that this investigation was designed as a strict com- 
parison between fibrinogen test curves and thermo- 
graphic photographs, without clinical investigation of 
the patients’ limbs. Therefore it is possible that 
patients with different inflammatory states were 
interpreted as having thrombi thermographically. 

Of the patients with false positive thermograms, 
there was a higher proportion of women and of 
patients who had had hip surgery than in the series as 
a whole. Otherwise, those with diagnostic discre- 
pancies do not differ from the rest of the patient series. 
Of the false negative thermograms, the majority of 
the thrombi (80-3 per cent) were localized in the calf 
according to the fibrinogen test. 

When both investigations were positive, thermo- 
graphy surprisingly became positive before the 
fibrinogen test in 19-8 per cent. The explanation for 
this is not immediately obvious and can only be 
guessed at here. It is possible that even thrombi so 
small that they are not yet detectable by the fibrinogen 
test can release vasoactive substances giving rise to a 
cutaneous vasodilatation and an increased skin blood 
flow. 

The high disagreement between abnormal lung 
perfusion scans and thermography is also difficult to 
explain. Methodological questions can, of course, be 
raised against perfusion scintigraphy for diagnosis of 
pulmonary embolism. None of these 28 patients had 
clinical signs of pulmonary embolism, and the 
possibility of false positive scans exists. Franco et al. 
(1974), on the other hand, found no negative thermo- 
grams among 15 patients who had abnormal! perfusion 
scans and clinical development compatible with 
pulmonary embolism. 
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The use of thermography in the diagnosis of DVT 
is comparatively new, and its use in screening situa- 
tions has not been adequately evaluated. The only 
relevant study available is that by Cooke and Pilcher 
(1974). They made preoperative thermographic 
examinations of patients undergoing hip surgery and 
daily postoperative studies for 14 days. Phlebography 
was performed on the day of abnormal thermography 
or on the fourteenth day if all thermograms were 
normal. They found a 97-5 per cent agreement, but a 
DVT frequency of only 53-8 per cent, which perhaps 
is rather low in this type of surgery. Phlebography can 
underdiagnose small thrombi in comparison with the 
fibrinogen test, and as thrombosis is a dynamic 
process, much can happen during a fortnight—the 
period during which Cooke and Pilcher’s patients 
were not phlebographed. Thermography as a post- 
operative screening instrument must be further 
investigated. Our results agree well with a preliminary 
report (Bergqvist et al, 1977b). Similar results have 
also been obtained in two studies that are in progress. 
Bernstein (1977), investigating gynaecological patients, 
found an agreement of 83 per cent between the 
"5]fübrinogen test and thermography (18 patients). 
Meissner (1977), studying patients undergoing abdo- 
minal surgery, found an agreement of 96 per cent (52 
patients). 

From this study, it is fair to conclude that thermo- 
graphy used for postoperative thrombosis screening 
shows a high agreement with the !?5I-fibrinogen test, 
but the sensitivity diminishes when the thrombosis is 
localized distally. When hip surgery is excluded and 
thermography is positive on two consecutive occasions 
(as for the fibrinogen test), the diagnostic agreement 
with the fibrinogen test is more than 85 per cent, 
which must be considered an acceptable figure. 
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Peritoneal lavage with tetracycline 


Sir, 

I read with some concern the paper ‘Peritoneal lavage in 
appendicular peritonitis’ by D. J. Stewart and N. A. Matheson 
(Br. J. Surg. 65, 54-56). This paper advocates the use of 
tetracycline for intraoperative peritoneal lavage, and as 52 of 
the 58 patients received systemic antibiotics in the tetracycline 
lavage group, one assumes that tetracycline was, in most of 
those children, used systemically. 

The tetracycline antibiotics have for some years been known 
to cause tooth discoloration in children (Lancet, 1966). The 
mechanism for this is understood, but the relationship to total 
dose or duration of therapy is not linear. This complication 
has persuaded paediatricians and paediatric surgeons to avoid 
the use of this group of antibiotics in children under the age 
of 8 years, unless a suitable alternative is not available. The 
vast majority of childhood appendicectomies are done by 
general surgical registrars who have access to the British 
Journal of Surgery. 1 believe that had this paper been submitted 
to a paediatric journal it would not have been published on 
the grounds that the use of tetracyline cannot be advocated in 
paediatric practice. To publish the paper would be taken as the 
tacit approcal of a responsible journal for this method of 
management of peritonitis. This must be the interpretation 
placed on the decision of the Editorial Committee of the 
British Journal of Surgery to publish this paper. 

This paper encourages those doctors involved in the manage- 
ment of appendicular peritonitis in childhood to use tetra- 
cycline as the antibiotic of choice. If they succeed in this aim, 
then some children will suffer a permanent, disfiguring side 
effect. 

VANESSA M. WRIGHT 
Senior Lecturer in Paediatric Surgery 
Queen Elizabeth Hospital for Children 
Hackney Road 
London 


LANCET (1966) Tetracycline and the teeth. 1, 917. 


Sir, 
Miss Wright has raised an important point. In the early years 
of our study, which covered a 10-year period from 1965 to 
1974, a number of children under 8 years old treated with 
tetracycline lavage were given tetracycline systemically. As 
awareness of the undesirability of using tetracycline system- 
ically in young children increased, its use became infrequent 
and during the 5-year period 1970 to 1974 only 4 children 
under 8 years treated with tetracycline lavage received tetra- 
cycline systemically. We are not aware of tooth discoloration 
having occurred in any children so treated, but we certainly 
agree that systemic tetracycline should be avoided under the 
age of 8. There is no evidence that peritoneal absorption of 
tetracycline from the lavage solution is sufficient to cause 
tooth discoloration and we are convinced of the value of 
antibiotic lavage in peritonitis at any age. However, for 
absolute safety in the prevention of tooth discoloration it 
seems advisable to choose another antibiotic, for example 
ampicillin or cephaloridine, for peritoneal lavage in young 
children. 
D. J. STEWART 

N. A. MATHESON 
20 Baillieswells Drive 
Bieldside 
Aberdeen 


Book reviews 


Fundamentals of Obstetrics and Gynaecology, Volume 1: 
Obstetrics 
D. Llewellyn-Jones. Second edition. 245 x 190 mm. Pp. 471. 
Illustrated. 1977. London: Faber & Faber. £1200, £975 
papercovers. 


Tuis excellent introduction to obstetrics was very well received 
by undergraduates in its first edition. It is simple and funda- 
mental in its approach and is presented in an original and 
lucid style. The book is attractive with subjects neatly divided 
into palatable portions, and with a pleasing balance between 
text and excellent illustrations. The material presented is in 
accord with the best modern practice and has been brought 
up to date. 

In this edition changes have been made in the section on 
nutritional problems in pregnancy, management of labour 
with particular emphasis on active management and the use of 
epidural anaesthesia, the use of ultrasound in obstetrics and 
the concept of the 'at risk fetus'. While the basic needs of the 
medical student are met, more detailed information would be 
needed for the student curriculum in most medical schools. 

The book would also serve as a good text/reference book 
for midwives or obstetric physiotherapists and other para- 
medical personnel. The paper, printing and binding are of an 
acceptably high standard. 

H. H. BRANT 


The Nervous System 
W. F. Ganong. 260 x 180 mm, Pp. 226 vii. Illustrated. 1977. 
Los Altos: Lange Medical. $8.00. 


THis is not a new book, but consists of the neurological sections 
of the eighth edition of the author's well-known textbook 
Review of Medical Physiology, here issued as a separatum. For 
this reason, it will be of little interest to readers who already 
possess some neurological knowledge—particularly as its 
references to the literature are scanty and often outdated. On 
the other hand, as the author himself suggests in his Preface, 
it could serve as a useful introduction to the elementary 
principles of neurobiology for undergraduate students of 
medicine, dentistry and the biological sciences. In spite of the 
title of the parent work from which its contents are drawn, 
however, there is little of clinical medical (and even less of 
surgical) interest in it; and it contains numerous statements 
that are not in accord with contemporary clinical neurological 
and neurosurgical knowledge. The book is therefore not 
suitable for graduate students (particularly doctors and dentists) 
who are preparing themselves for higher degrees and diplomas 
that require some familiarity with modern neurological science. 

BARRY WYKE 


Gastroenterology: An Integrated Course 

Il. E. Gillespie and T. J. Thompson. Second edition. 214 « 135 mm. 
Pp. 294-k vii. Illustrated. 1977. Edinburgh: Churchill Living- 
stone. £3-95. 


Ir is surprising that this excellent paperback is based on an 
integrated course for fourth year medical students in Glasgow; 
surprising because it presents gastroenterology at a level 
appropriate for postgraduate students preparing themselves 
for a career as surgeons or physicians with a special interest in 
the subject. The first edition in 1972 sold out and had to be 
reprinted; now the second edition has appeared—evidence of 
a popularity which must extend beyond fourth year students. 
It is compact yet comprehensive and readable; it should 
continue to be an attractive bargain for postgraduates (par- 
ticularly at £3.95) but it might perhaps overload all but the 
most dedicated and able undergraduate. 

BRYAN BROOKE 


Br. J. Surg. Vol. 65 (1978) 447-448 


Patient Care in Neurosurgery 
James R. Howe. 210x 130 mm. Pp. 228--x. 1977. Boston: 
Little, Brown. $9.95. 


THIS expensive pamphlet is very easy to read and, because of its 
brevity, it might be useful for medical students to look through 
and get some simple facts. Unfortunately it suffers from being 
too brief to be of real value. There are some specific details on 
patient management, for example in the postoperative phase. 
There is little to argue about in the generalizations but the 
specific recommendations are debatable. Its chief recommenda- 
tion is that it fits easily into a pocket. 

: C. G. CLARK 


Basic Surgery 
Edited A. McCredie. 255x 175 mm. Pp. 6604-x. Illustrated. 
1977. London: Bailliére Tindall. £12-00. 


Tuis is an interesting textbook written by many authors from 
the United States and Canada with three contributors from the 
United Kingdom. The book is a mixture of pathophysiology 
and general surgery divided into four units. The first unit is 
devoted to basic considerations, and stresses the importance 
of the medical sciences in surgery. There are well-written 
chapters on pulmonary and cardiac failure and the immune 
response in tissue transplantation and cancer, and this section 
will be of particular value to those reading for the primary 
Fellowship examination. The second unit covers the total care 
of the surgical patient, discussing pre- and postoperative 
management, the critically injured and the management of 
pain. The third and fourth units, comprising over half the 
book, are concerned with the principles of general and 
specialty surgery. The coverage is more than adequate for the 
medical student, but probably not comprehensive enough for 
those candidates preparing for the final Fellowship examination 
although some chapters are very well presented, particularly 
the one dealing with the breast and the management of 
malignant disease in this organ. 

There are hundreds of good illustrations, some elementary 
but no less important, such as those of the clinical examination 
of the thyroid gland and digital rectal examination. There are 
some excellent diagrams of simple surgical procedures, but 
details of surgical technique are not discussed, the emphasis 
being on the principles of therapy. 

I think the editor probably attempted to cover too large a 
field of surgical principles and management, and in view of 
this there are several important omissions. The book is, how- 
ever, highly informative and easy to read and can be safely 
recommended for medical students and those reading for a 
higher diploma in surgery. 

NORMAN V. ADDISON 


Chemistry and Physiology of Bile Pigments 

Edited Paul D. Berk. 252x 175 mm. Pp. 539-- xix, with 51 
illustrations. 1977. Washington: US Department of Health. 
58.00 -- 25 per cent foreign orders. 


Tuis publication arose from an international symposium held 
in 1975 and inevitably it is a little out of date in a rapidly 
advancing field. Nevertheless, the contributors number 
among them the most eminent names in a field in which there 
has been both considerable clinical and physiological interest 
in the past 10 years. As a reference book it is excellent and as a 
source of information for those working actively in the field, 
the book is a must. As something for the surgeon to dip into 
it is too detailed unless he is already familiar with the physico- 
chemical background of gallstones. It is certainly suitable for 
the general library and the research laboratory. 

C. G. CLARK 
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Questions and Answers in Orthopaedics 
Edited F. G. Goodman and G. R. Schoedinger. Third edition. 
247 x 172 mm. Pp. 293+ xi. 1977. London: Kimpton, £12-40. 


WHEN it comes to the multiple choice type of examination, I 
am firmly by the side of the little Dutch boy with his finger in 
the broken dyke. It does seem, however, that the method has 
come to stay as part of in-training testing, as well as for 
definitive degree examination. If you are a multiple choice 
person, this is your book. If involved in this mode of examina- 
tion—whether as question-setting examiner, or as student 
examinee in orthopaedics—it must be required reading. Any 
book which runs into three editions in 12 years inevitably 
fulfils an important need. 

The text is set out clearly and simply; the list of questions 
and the references and answers are presented in an easily 
attainable form. In the field of clinical orthopaedics, however, 
a niggling question remains. For example, in the section on 
adult orthopaedics there is a group of multiple choice questions 
requiring a single answer. Many of these refer to choice of 
treatment. How can there possibly be a single answer to the 
choice of an elective operation? There is not, and never can be. 
Question 15, for example: 'Incision and drainage should be 
considered earlier in which joint for septic arthritis?’ The 
single correct answer is given as "The hip joint’. Will the 
student in training be marked down for answering ‘The knee 
joint', or indeed saying that he cannot distinguish the priority 
of early drainage of any major joint for septic arthritis. If à 
student answers Question 17 by saying that 'Pendulum 
exercises help to prevent adhesive capsulitis' of the shoulder, 
he will earn himself a good mark; but there are those who 
believe it should earn him a bad mark. And there are, of 
course, endless other examples in which an honest difference 
of opinion must exist as to the correct single answer. Such 
difference of opinion on treatment probably exists on the 
majority of questions in adult orthopaedics. The question 
arises as to who ordains the correctness of the answers? 'Quis 
custodiet ipsos custodes ?' (Juvenal vi. 347-348). 

These criticisms are, of course, criticisms of the multiple 
choice examination rather than of this particular publication 
which, without doubt, succeeds admirably in its aims. It would 
be nice to think that it achieves the splendid objectives of its 
authors, as stated in the Preface of the first edition, that the 
purpose of the book is ‘to breed unrest and discontent within 
the mind of its reader until he has exhausted the available 
literature. To understand not just the answers, but the 
problems in orthopaedics.’ If the book succeeds in only a small 
measure to fulfil such an admirable objective it will more than 
have justified itself. 

LIPMAN KESSEL 


Surgical Diagnosis 
Philip Thorek. Third edition. 253 x 175 mm. Pp. 381 x xv, with 
357 illustrations. 1977. Oxford: Blackwell Scientific. £15:60. 


Tue third edition of Philip Thorek's Surgical Diagnosis is 
described in the preface as ‘a compilation of personal experi- 
ences based upon 35 years of clinical practice and teaching’. 
Its main theme is the importance of straightforward bedside 
diagnosis, although, in this edition, it has had to come to terms 
with the increasing importance of laboratory methods. 

The presentation of physical signs is direct and vividly 
illustrated in many clear, often startling, drawings. Free use is 
made of mnemonics and other aids to memory. 

The book should appeal to some students early in their 
clinical years but nowhere does it extend beyond the needs of 
an undergraduate. Where, of necessity, it extends into pathology 
and clinical chemistry it is, in many aspects, inadequate. 

The text is written in a highly personal style which is not 
always wholly clear in its meaning. For example, there is the 
statement that ‘It is incumbent on every physician to be 
"oesophagus-minded". The oesophagus is not a mysterious 
organ and has not received the attention it warrants.’ 

The book would be better if it limited its scope to that first 
intended—history taking and the accurate observation of 
physical signs. 

D. ANNIS 


Operative Surgery 
General editors Charles Rob and Rodney Smith. Third edition. 


Gynaecology and Obstetrics 
Edited D. W. T. Roberts. 275 x 215 mm. Pp. 212. Illustrated. 
1977. London: Butterworths. £19-00, 


The Hand 
Edited R. Guy Pulvertaft. 275 x 215 mm. Pp. 407. Illustrated. 
1977. London: Butterworths. £25:00. 


Urology 
Edited D. Innes Williams. 275 x 215 mm. Pp. 468. Illustrated. 
1977. London: Butterworths, £35:00. 


Colon, Rectum and Anus 
Edited lan P. Todd. 275 x 215 mm. Pp. 412. IHlustrated. 1977. 
London: Butterworths. £27:50. 


THESE books have been reviewed by a consortium of senior 
registrars and consultants with a view to trying to answer 
questions such as (a) does this book adequately describe 
operations with which I am not familiar? and (5) does it give 
a good account of the operations I regularly practise? There is 
an unqualified ‘yes’ response to both questions and in view of 
the competition of expensive books like this, we would 
strongly recommend that these texts be regarded as standard 
reference works for every library and perhaps specific sections 
should be for ready reference in the operating theatre. 

There is no doubt that the step-by-step approach is of great 
value to the surgeon in training and the specific references to 
complications and how to avoid them are often lacking in 
other books of this type. The editors are to be congratulated 
on providing what must be the outstanding reference work for 
Operative surgery. 

C. G. CLARK 


Emergency Surgery 
Edited H. A. F. Dudley. Tenth edition. 234 x 156 mm. Pp. 1017. 
Illustrated. 1977. Bristol: Wright. £25-00. i 


Tue tenth edition of this surgical classic is as outstanding as its 
predecessors and reflects great credit on its editor, Professor 
Dudley, and his feilow contributors. Full of sound advice and 
descriptive detail, it is a boon to the practising surgeon, 
especially when he finds himself in unfamiliar territory. 
Professor Dudley expresses regret that the book is not encyclo- 
paedic but I suspect that very few will notice any significant 
gaps. Such is the quality of the book that 1 hesitate to make 
any criticisms. However, the illustrations are not of the 
uniform standard of the text; some are banal and some are 
poorly reproduced. 

The book weighs 1 Ib less than the previous edition and is 
twice the price. Even so, it contains much the same amount of 
material and, weight for weight, it is approximately half the 
price of good pipe tobacco and infinitely moredurable. Excellent 
value! 

A. G. COX 


Laparoscopy 
Edited Jordan M. Phillips. 280 x 210 mm. Pp. 366-- xxxviii. 
1977. Baltimore: Williams & Wilkins. $55.00 


Tuis well-produced book, edited and written predominantly by 
gynaecologists, explains the place of laparoscopy as a means of 
diagnosis and describes the operative procedures which can be 
done via the laparoscope. It describes the history, technology, 
techniques and complications of the procedure and deals 
mainly with the use of the instrument in the diagnosis of ovarian 
disease and infertility and in sterilization procedures. Descrip- 
tions and explanations are clear, the illustrations, photographs 
and even the radiographs being of excellent quality. While 
accepting that laparoscopy finds greatest use in the hands of 
the gynaecologist, the section on non-gynaecological lapar- 
oscopy seems skimpy and disappointing. The appeal of this 
book, therefore, will probably be limited to gynaecological 
surgeons. 

NIALL O'HiGGINS 


ACHALASIA OF THE CARDIA 


H. R. S. HARLEY, Ms, FRCS, Consultant Cardiothoracic Surgeon, Liandough Hospital, 
Penarth, Glamorgan. 

Contents: Morbid Anatomy and Histology; Aetiology; Clinical Features; Radiological 
Examination; Oesophagoscopy; Carcinoma of the Oesophagus; Respiratory 
Complications; Joint Complications; Surgical Treatment; Results of the Modified 
Heller's Operation; References; Index. 

In this book coverage of the physiological and radiological abnormalities of the 
oesophagus is given, differential diagnosis is discussed at length and the importance 
of motility studies to a proper understanding of this and other diseases of the 
oesophagus is stressed. While this book is concerned primarily with achalasia of the 
cardia, upsets of motility of the oesophagus due to other causes, such as diffuse 
oesophageal spasm, presbyoesophagus, reflex oesophagitis and progressive systemic 
sclerosis, are given careful consideration. 


216x 138 mm, 180 pages, 83 illustrations. UK net price £10-00 


42-44 Triangle West, Bristol BSS TEX 








INJURIES IN SPORT 


D. S. MUCKLE, Ms, F.R.c.s., Consultant, Middlesbrough General Hospital. 
Formerly Adviser, Oxford United Football Club. 


Contents: Introduction; Frequency and site of injury; Immediate care; Injuries 
to the skin; Injuries to the head and face; Injuries to the spine; Shoulder and 
upper limb injuries; Chest, abdomen and pelvic injuries; Soft-tissue injuries— 
acute; Soft-tissue injuries—chronic; Injuries to the thigh and knee; Meniscal 
damage in the knee; Ligamentous injuries in the knee; Injuries to the tibia, ankle 
and foot; References; Index 


216x 138 mm 140 pages 47 illustrations UK net price £6:50 
ISBN 0 7236 0498 3 


42-44 Triangle West, Bristel BS8 1EX 
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The origin of thrombi in the deep veins of the 
lower limb: a venographic study 
J. D. STAMATAKIS, V. V. KAKKAR, D. LAWRENCE AND P. G. BENTLEY* 


SUMMARY 

A series of 952 patients was examined by ascending 
venography; 812 with clinically diagnosed deep vein 
thrombosis (DVT) (group 1) and 140 with clinical 
features suggestive of pulmonary embolism (group 2). 
Thrombus was demonstrated in 401 (49-4 per cent) of 
group I and in 74 (53 per cent) of group 2 patients. 
Á total of 535 limbs contained thrombus. In 493 (92 per 
cent) thrombus was present in the calf with either no 
further. clot, or clot in continuity with that in more 
proximal veins. In the remaining 42 legs (8 per cent) 
thrombus either originated from multiple discontinuous 
sites in the legs and pelvis, or in proximal major veins 
without concomitant calf involvement. The clinical 
implications of these findings are discussed. 


CONTROVERSY exists regarding the site of origin of 
venous thrombi in the deep veins of the legs. Some 
authors consider that the majority of major thrombi 
originate in the proximal major venous channels of 
the thigh and pelvis, and then propagate distally 
(Aschoff, 1924; Sevitt and Gallagher, 1961: Mavor 
and Galloway, 1967), while others maintain that most 
thrombi originate in the deep veins of the calf and 
subsequently propagate in a proximal direction to 
involve major veins (Róssle, 1937; Bauer, 1940; 
Kakker et al., 1969). Identification of the site of origin 
of venous thrombi has important implications for 
study of the aetiology of, validity of screening 
techniques for, and methods of prevention of deep 
vein thrombosis (DVT). 

The aim of this study was to investigate by veno- 
graphy the site of origin and the possible mode of 
propagation of venous thrombi. 


Patients and methods 

A total of 952 patients was examined by venography; 812 
with clinically diagnosed DVT (group 1) and 140 with clinical 
features suggestive of pulmonary embolism (group 2). Patients 
from group 1 underwent venography only in the limb with 
clinical DVT, whereas the majority of patients from group 2 
had no leg signs of DVT and therefore underwent bilateral 
venography. 


Venography 

A standard technique for ascending venography was used 
throughout the series. A superficial vein on the dorsum of the 
foot was cannulated with a 21-gauge scalp vein needle. The 
patient lay supine on a horizontal X-ray screening couch. A 
3-cm wide, specially designed pneumatic tourniquet was 
placed around the ankle and inflated to 100 mmHg to direct 
contrast medium into the deep veins of the calf. A second 





pneumatic tourniquet placed around the lower thigh was 
inflated to 250 mmHg to retain contrast medium in the calf. 
The contrast medium (25 ml Conray 280) was injected and 
films were taken of the calf and knee region in the antero- 
posterior and lateral projections. The thigh tourniquet was 
then released and further films were taken as contrast 
medium ascended in the major proximal veins. For each - 
proximal film the calf must be charged with about 20 ml of 
contrast medium before release of the thigh tourniquet. The 
limb was gently squeezed as the thigh tourniquet was released 
to ensure the surge of an adequate bolus of contrast medium 
into the femoral vein. With this technique the external and 
common iliac veins were also adequately visualized in 95 per 
cent of patients; however, the internal iliac veins and inferior 
vena cava were not adequately demonstrated to confirm or 
refute the presence of thrombus within these veins. The 
intravenous needle remained in position until it was confirmed 
that the films showed a satisfactory view of the venous system. 


-A dubious filling defect or poor filling indicated that further 


films should be taken. The use of an image intensifier may aid 


the examination, but is by no means essential. Before removing — ^ 


the scalp vein needle it is essential that any contrast medium - 
remaining in the calf be dispersed by flushing 1000 iu. of 


heparin in 100 ml of normal saline through the needle. M pou 
This technique has now been used for well over two thousand Ce 


venograms, and we have not seen post-phlebographic pul. - 
monary embolism or DVT. Patient discomfort during injection | 
rarely requires the addition of 1 per cent lignocaine to the 
contrast medium, and providing that extravasation of contrast 
medium does not take place, this procedure is benign. 
Identification of a thrombus was based on criteria described 
previously (DeWeese and Rogoft, 1963). A record was made 
of the side involved, the anatomical distribution of the throm- 
bus and whether a thrombus was continuous or arose from - 
several sites, i.e. discontinuous. 


Results 

Thrombus was demonstrated in 401 (49-4 per cent) 
of the 812 patients with clinical DVT (group 1) and 
74 (53 per cent) of the patients with clinical pulmonary 
embolism (group 2). Bilateral venography was per- 
formed in 204 patients in group 1 and in 104 in 
group 2. Bilateral DVT was demonstrated in 36 and 
24 patients in these two groups respectively. Thrombus 
was thus demonstrated in 535 limbs (Table 1). 


Extent of thrombus 

Thrombus was limited to the calf veins in 214 (49 per 
cent) of 437 limbs with DVT in group 1. Forty-six 
(47 per cent) of 98 limbs with DVT in group 2 showed 








* Thrombosis Research Unit, Department of Surgery, King's 
College Hospital Medical School, Denmark Hill, London. 
Correspondence to: Professor V. V. Kakkar. 
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Fig. 1. Frequency of occurrence of thrombosis at different 
sites in the leg. 


Table I: DEMONSTRATION OF THROMBUS IN 
THE TWO GROUPS 


Clinically Clinically 
diagnosed diagnosed 
DVT PE 
No. of patients 812 140 
Bilateral venograms 204 104 
DVT (legs) 431 (49:957 98 (5324) 
Minor DVT* 214 (49%) 46 (47%) 


PE, Pulmonary embolism. * DVT confined to the calf viens. 


Table H: DISTRIBUTION OF THROMBI ON 
RIGHT AND LEFT SIDE 


Venograms 622 638 

DVT 248 (4075) 287 (4592) 
Major DVT 117 (19%) 158 (25%, 
Minor DVT 131 (81%) 129 (75%) 


Table HI: PRIMARY PATHOLOGY IN 29 PATIENTS 
WITH A HISTORY OF DISEASE IN THE PELVIS 
OR HIP SURGERY 


Total hip replacement 

Fracture of femoral neck 

Fracture of shaft of femur (Kiintscher nail) 
Pelvic abscess 

Widespread pelvic carcinoma 

Bilateral vesico-ureteric implant 


tot ad CN m XD WD 


similar thrombus. Since the frequency and extent of 
thrombus for these groups were not statistically 
different, the data are analysed together. 


Side of thrombus 
Thrombus was present in 248 (40 per cent) of 622 
venograms on the right leg, and 287 (45 per cent) of 
638 venograms performed on the left. This difference 
was not statistically significant. 

When thrombi were divided into minor (limited 
to the calf) and major (popliteal vein and above) 
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Fig. 2. Anatomical distribution of thrombus in 493 legs in 


which thrombus was present in the calf with either no further 
clot or clot in continuity with that in more proximal veins. 
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Fig. 3. Anatomical distribution of thrombosis in 42 legs in 


which thrombus either originated from multiple discontinuous 
sites or in proximal major veins alone. 


there was a significant difference between the two 
sides, major thrombi being more common on the 
left (y? = 6174, P<0-02, Table II). Minor thrombi 
were present in 131 right limbs and 129 left limbs. 


Anatomical distribution of thrombi 

Thrombi were seen in the deep veins of the calf in 
535 limbs. The frequency with which thrombus 
occurred in each segment of the deep venous system 
of the leg and pelvis is shown in Fig. 1. In 493 legs 
(92 per cent) thrombus was present in the calf with 
either no further clot or clot in continuity with that 
in more proximal veins. The anatomical distribution 
of thrombus in this group is shown in Fig. 2. In the 
remaining 42 legs (8 per cent), thrombus either 
originated from multiple discontinuous sites in the 
legs and pelvis or in proximal major veins alone. 
The anatomical distribution of thrombi in this group 
is shown in Fig. 3. 

The primary pathology of the 39 patients (42 
venograms) in the latter group was reviewed. In 29 
patients there was a history of local disease in the 
pelvis or surgery related to the hip, and one patient 
was 8 months pregnant (Table HI). 


Discussion 
The clinical diagnosis of deep venous thrombosis is 
unreliable. This study indicates that half of the 


patients who present with symptoms and signs of 
DVT do not have the disease. If our findings are 
typical of any general hospital population, and if 
reliance is placed purely on clinical diagnosis, then 
many patients will be unnecessarily exposed to the 
very real risks of anticoagulant therapy (Salzman 
et al, 1975; Mant et al., 1977). 

The frequency of thrombosis in each limb was not 
significantly different; however, major thrombi 
occurred more frequently in the left leg. In a veno- 
graphic study, Mavor and Galloway (1967) found a 
similar occurrence, though in an autopsy study, 
Gibbs (1957) reported thigh and pelvic veins to be 
involved more on the right than on the left. 

The calf segment of the deep venous system of the 
legs was most commonly found to contain thrombus. 
If any other segment were à more common site of 
origin of deep venous thrombi, then it might be 
expected that isolated thrombi would occur more 
frequently there. Isolated or discontinuous thrombus 
was found in a major vein in only 8 per cent of 
cases, and in the majority of these local disease or 
trauma was identified (Table HI). By contrast, 
thrombus was isolated within the calf in 48-5 per 
cent of cases. These results confirm on a larger 
scale previous radiological evidence (Bauer, 1940; 
Nicolaides et al., 1971; Browse and Thomas, 1974) 
that in patients who survive their episode of DVT— 
which is the majority—thrombus most frequently 
takes origin from the deep veins of the calf. This 
conclusion is strengthened by our previous study of 
the natural history of postoperative DVT using the 
125] fibrinogen test (Kakker et al., 1969). However, 
this test cannot detect thrombus proximal to the 
inguinal ligament, and thus results may be obtained 
with a bias away from a proximal origin for major 
venous thrombi. Venography avoids this bias, and 
when performed by the ascending route regularly 
demonstrates the full extent of the venous system 
of the lower limb with the exception of the profunda 
femoris vein. The overall findings of this study are 
comparable to those of Browse and Thomas (1974), 
who reported the distribution of venographic thrombi 
in 430 limbs with DVT. In that series, however, 
pulmonary embolism was the indication for veno- 
graphy in 63 per cent of patients, compared with only 
15 per cent in the present study. As clinical pulmonary 
embolism is usually associated with proximal major 
DVT (Kakkar et al., 1969), it is not surprising that 
these authors found a higher incidence of thrombi in 
proximal major veins than that reported in the 
present study. 

One study (Mavor and Galloway, 1967), in which 
venography was used for assessment in conjunction 
with the clinical signs in the limb and the macroscopic 
appearance of the thrombus at surgery, reported that 
in the vast majority of patients thrombus in the ilio- 
femoral segment originated at that site, rather than by 
propagation from more distal veins. However, in that 
study the perfemoral and pertrochanteric routes 
were employed for venography, and as these techniques 
do not visualize the peripheral venous tree, results are 
biased against a peripheral origin for venous thrombi. 
The published results of autopsy findings are variable; 
some support the conclusions of venographic and 
isotopic studies (Frykholm, 1934; Rossle, 1937; 
Gibbs, 1957), but others have demonstrated that a 
significant number of thrombi arise in the proximal 
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venous tree (Aschoff, 1924; Homans, 1934; Sevitt 
and Gallagher, 1961). Autopsy studies are based on a 
highly selected population whose disease terminates 
in death. It must be stressed that only a very small 
minority of patients with DVT die as a direct result 
of their thrombus. In addition, consideration of the 
primary pathology is of paramount importance. For 
example, it is known that in the ill, shocked patient 
with poor peripheral perfusion, there is a high 
incidence of DVT (Nicolaides et al., 1971b) and that 
diminished flow in the axial veins of the limb increases 
the amount of stasis and turbulence in valve pockets 
(Cotton and Clark, 1975). In addition, studies 
which include a high proportion of patients with 
pelvic disease or a history of hip surgery will show a 
correspondingly high percentage of proximal major 
venous thrombi. We have found this to be most 
pronounced in patients undergoing total hip replace- 
ment (Stamatakis et al, 1977). Thus, consideration 
of the primary pathology of the population under 
study is of paramount importance. 

It is concluded that in the majority of patients 
venous thrombi arise in the deep veins of the calf. 
However, in the presence of pelvic disease or recent 
hip surgery, segmental iliofemoral thrombi may be 
found in a significant number. 
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Vein surgery during defibrinogenation 


N. L. BROWSE AND G. CLEMENSON* 


SUMMARY 

The effect of defibrinogenation on thrombosis after 
thrombectomy and on the patency of Dacron femoral 
vein grafts has been studied in dogs. In all experiments 
the defibrinogenation significantly reduced thrombosis. 
Bleeding from suture lines and through the Dacron 
prostheses was not increased. 


Direct arterial surgery and the replacement of arteries 
with artificial prostheses has become commonplace 
and very successful. Those who pioneered this field 
of surgery feared that disruption of the arterial intima 
would lead to thrombosis. Fortunately they soon 
found that thrombosis could be prevented by careful 
surgical technique and anticoagulants. 

Hopes that a similar approach would permit the 
successful reconstruction of veins have been dashed 
by the repeated failure of laboratory and clinical 
experiments. Direct venous surgery fails because the 
anastomoses and the prostheses thrombose. The 
only technique which has produced à worth-while 
improvement of the patency rate of experimental 
venous grafts is an arteriovenous shunt fashioned 
immediately distal to the graft (Hobson et al., 1977). 
Although this has been used successfully in a few 
clinical situations it is far from ideal. 

The price of preventing the thrombosis with anti- 
coagulants is excessive bleeding. The majority of anti- 
coagulants affect the thrombosis ‘cascade’ before the 
conversion of fibrinogen to fibrin. The laboratory 
control of drugs such as heparin is very difficult 
because we are surprisingly ignorant of the degree of 
inhibition of the cascade necessary to prevent 
thrombosis. Defibrase is a purified extract from the 
venom of the snake Bothrops atrox that removes the 
circulating fibrinogen. This prevents the formation of 
large thrombi but leaves sufficient fibrinogen on the 
platelets and the vessel walls, and a normal coagula- 
tion cascade, to enable platelet plugs to form in 
divided, small vessels. Thus, theoretically, this drug 
could be used to prevent intravascular thrombosis 
without destroying the haemostatic mechanism and 
has the distinct advantage that its effect (a reduction 
of the plasma fibrinogen) is easy to measure. En- 
couraged by the reports of Olsson et al. (1971, 1973), 
who showed that the risk of bleeding during defibrino- 
genation was very small once the fibrin degradation 
` products had fallen to near normal levels, we decided 
to investigate the value of this drug as an adjunct to 
venous surgery (Browse, 1975). 


Materials and methods 

All experiments were performed on Greyhounds (20-25 kg). 
Anaesthesia was induced and maintained with sodium pento- 
barbitone (20 mg/kg). 


Defibrinogenation 

In all but one series of experiments, 0-1 ml/kg Defibrase was 
given intravenously once a day. The first dose was given slowly 
over Í h. On the day of the operation the dose was given 1 h 
before the operation started so that the operation was always 
performed on an afibrinogenaemic animal. Defibrinogenation 
after operation was maintained for varying lengths of time. 


The degree of defibrinogenation was assessed by measuring 
the plasma fibrinogen by the method of Ingram (1952). The 
plasma fibrinogen, haemoglobin and packed cell volume were 
measured daily before operation and on alternate days there- 
after. The concentration of the fibrin degradation products was 
measured by the Wellcome Kit slide technique. 


Phlebography 
Phlebograms were performed under general anaesthesia on a 
Rank tilting table with an overhead tube. Sodium diatrizoate 
(Hypaque) (10 ml of 45 per cent) was injected into a vein of the 
foot below a tourniquet placed around the 'ankle' so that the 
contrast medium passed into the deep veins. 

Phlebograms were performed before and immediately after 
the operation and then at 7-day intervals. 


Experiment 1: Thrombectomy 

Fine polythene catheters (0-5 mm diameter), roughened with 
glass paper, sterilized and wiped with concentrated phenol, 
were inserted into the saphenous vein on the lateral side of the 
ankle of both hind limbs through a wide bore needle and 
threaded up the vein until the upper end was in the iliac vein. 
The lower end of the catheter was fixed to the skin with a 
suture and covered with a firm dressing. Defibrinogenation 
was begun 3 days later. Phlebograms were performed 6 days 
after insertion to show the extent of the thrombosis around the 
catheter. (The soft red propagating thrombus that forms 
around the catheter is similar to the thrombus seen in human 
deep vein thrombosis.) The next day (7 days after inserting the 
catheter) the animal was anaesthetized, the catheters were 
removed and bilateral femoral vein thrombectomy was 
performed with balloon catheters through groin incisions and 
2-cm venotomies. The venotomies were closed with a con- 
tinuous 6/0 Ethiflex stitch (Ethicon Ltd). The blood loss was 
assessed by weighing the swabs. 

Seven days after the operation the phlebograms were 
repeated and the dog killed. An autopsy was performed to 
confirm that the extent of the thrombus corresponded to that 
Seen on the phlebogram. 

The quantity and type of thrombus in the veins above and 
below the knee were determined from the phlebograms. Two 
points were awarded to totally occlusive thrombus and | point 
to partially occluding thrombus. The veins above the knee and 
the veins below were assessed separately. Thus, one leg with all 
veins completely occluded with thrombus scored 4 points; one 
leg with all the visible veins patent scored no points. 

Because of the difficulty of removing all the thrombus from 
the calf veins at the time of the thrombectomy an assessment 
was also made of the appearance of the femoral vein alone 
(which was always cleared at operation), using the same 
scoring system. 


Experiment 2: Dacron vein grafts and intravenous Defibrase 
In this experiment the dogs were defibrinogenated for 3 days 
and then, under general anaesthesia, a 3-cm segment of the 
common femoral vein was excised and replaced with a standard 
6, 7 or 8-mm diameter woven DeBakey arterial prosthesis. The 
prosthesis was not preclotted and the anastomoses were sewn 
with continuous 5/0 Ethiflex sutures. The blood loss was 
assessed by weighing the swabs. A phlebogram was performed 
at the end of the operation to confirm that the graft was patent 
and at 7, 14 and 21 days, depending upon the duration of the 
experiment. At the end of the experiment the animal was 
killed and the vein graft examined to assess the quantity of 
thrombus in its lumen and the appearance of the pseudo- 
intima. 
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The scoring system was similar to that used in the thromb- 
ectomy experiment. If the graft was completely patent it 
scored no points, complete occlusion by thrombus scored 2 
points and partial occlusion 1 point. 


Experiment 3: Dacron vein grafts and subcutaneous Defibrase 
Because of the difficulties with slow wound healing and sub- 
cutaneous bruising that we experienced during intravenous 
defibrinogenation, performing repeated venepunctures, we 
decided to study a group of dogs in whom the defibrinogenation 
was achieved by subcutaneous injections. The same dose 
(0-1 ml/kg) was given subcutaneously for 3 days before and 7 
days after operation. The effect on the plasma fibrinogen was 
similar to that seen with intravenous injections. The same 
scoring system was used. 


Experiment 4: Valve transposition 

In a further group of defibrinogenated dogs, a segment of 
femoral vein containing a valve was removed from one limb and 
inserted into the femoral vein of the other limb. The vein on the 
donor side was tied. This enabled us to study the effect of 
defibrinogenation on thrombosis below a vein ligation and also 
the effect of defibrinogenation on the patency of autogenous 
vein grafts containing a valve. The anastomoses were performed 
with continuous 6/0 Ethiflex sutures. The blood loss was 
minimal and was not assessed. The patency of the graft was 
assessed with phlebography at the end of operation and 7, 14 
and 21 days later, and the state of the valve assessed at autopsy. 
Its competence was not assessed physiologically. 


Results 


Experiment 1: Thrombectomy 

Both hind limbs of 10 dogs were studied. Five dogs 
were defibrinogenated before, during and after 
thrombectomy and 5 dogs acted as controls, giving 
10 legs for assessment in each group. 

Fig. 1 shows the levels of plasma fibrinogen. In the 
control animals there was an expected increase of 
plasma fibrinogen after operation which reached its 
peak on the eighth postoperative day. The plasma 
fibrinogen levels were measured on days 2, 4, 7 and 9 
and have been plotted, with their full range. The 
value plotted on days 1, 3, 5, 6 and 8 is the mean of 
the day 2, 4, 7 and 9 values. Overall, the plasma 
fibrinogen remained between zero, soon after the in- 
jection of Defibrase, and the mean of the four 
measurements made just before giving the daily in- 
jection of Defibrase on days 2, 4, 7 and 9 (1 g/l). 

The fibrin degradation products (FDP) on the first 
day of defibrinogenation rose to peak levels of 1000- 
30000 ug/ml; by the second day of defibrinogenation 
they were 50-400 ug/ml and on the day of operation 
invariably less than 40 ug/ml. 

Table 1 shows the thrombosis score of these 
animals. Both the control and the test group had near 
maximum thrombosis before operation. Seven days 
after operation the score in the test group was 7 
compared with 14 in the controls. This difference is 
significant (P « 0-05). 

Table IT shows the score before and after operation 
for the femoral veins alone. All 10 veins in both groups 
were completely thrombosed before operation. All the 
veins were completely cleared by the thrombectomy. 
After a further 7 days' defibrinogenation there was no 
new thrombosis in the test group, but 4 of the femoral 
veins in the control group had thrombosed, scoring 8. 
This is also a highly significant difference (P = 0-0005). 

Blood loss: The mean blood loss during thromb- 
ectomy and closure of the venotomy in the test group 
was 29 mi (range 20-40 ml) and in the control group 
32 ml (range 10-60). 
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Fig. 1. Plasma fibrinogen (mean value and range) in animals 
undergoing thrombectomy. Insertion of catheters marked 
the initiation of thrombus and operation involved 
thrombectomy and the removal of catheters. Figures 
without range bars are estimated levels based on the mean 
of all measurements during the defibrinogenation period. 
Zero points correspond to 1 h after injection of Defibrase. 
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Fig. 2. Plasma fibrinogen (mean value and range) in animals 
(5 test and 5 control) undergoing Dacron vein grafts. 
Operation involved the insertion of a Dacron prosthesis. 
Figures without range bars are estimated levels based on 
the mean of all measurements during the defibrinogenation 
period. Zero points correspond to 1 h after injection of 
Defibrase. 


These studies show that thrombectomy can be 
performed on a completely defibrinogenated animal 
without a significant increase of bleeding from the 
venotomy and that maintenance of the defibrinogena- 
tion for 7 days after operation reduces the incidence 
of rethrombosis. 


Experiment 2: Dacron vein grafts and intravenous 
Defibrase 

The plasma fibrinogen levels in the first 10 dogs given 
Dacron grafts are shown in Fig. 2. The 7 control 
animals showed a pattern identical to the control 
animals in experiment 1. The test animals showed a 
plasma fibrinogen level which varied from 0 to a mean 
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level of 1 g/l. The FDP had fallen to below 40 ug/ml 
by the day of operation. 

Dacron grafts were inserted into a femoral vein in 
7 untreated animals. Phlebograms performed 7 days 
later showed that 5 grafts had completely occluded 
and 2 were 88 per cent occluded with soft thrombus, 
giving a thrombosis score of 12 out of a maximum 14 
(Table IH). Nineteen Dacron grafts were inserted 
into the femoral veins of 12 defibrinogenated dogs 
and the defibrinogenation continued for another 7 
days. The wounds in both groins of 2 dogs became 
infected and all 4 underlying grafts thrombosed. 
Thirteen of the 15 grafts in the 10 dogs whose 
wounds healed normally were patent 7 days after 
operation and 2 were partially occluded, giving a 
thrombosis score of 2 out of 30, which is significantly 
different from the control score of 12 out of 14 


Table I: RETHROMBOSIS SCORE 7 DAYS AFTER 
THROMBECTOMY 


Rethrombosis No thrombosis — Preoperation 
score score score 
Control 14 24 38 
(10 legs) 
Test 7 32 39 
(10 legs) 





Thrombus filling a vein, 2 points; thrombus partially filling 
a vein, | point; maximum score per leg, 2 points above the 
knee and 2 points below the knee = 4, 

x? = 3-5, 0-025> P<0-05. 


Table H: RETHROMBOSIS SCORE IN FEMORAL 
VEIN 7 DAYS AFTER THROMBECTOMY 


Rethrombosis No thrombosis | Preoperation 
score score score 
Control 8 12 20 
(10 veins) 
Test 0 20 20 
(10 veins) 





x2 = 487, P= 0-0005. 


Table HI: THROMBOSIS SCORE OF DACRON VEIN 
GRAFTS 7 DAYS AFTER INSERTION 


No Max. 
Thrombosis thrombosis possible 
score score score 
Control (7) 12 2 14% 
All test grafts (19) 10 28 3g 
Uninfected test grafts (15) 2 28 30° 


a v. b, y* 14-8, P= 0-0005; a c. c, y* = 27.5, P<0-00025. 


Table IV: RETHROMBOSIS RATE OF 3-cm DACRON 
VEIN GRAFT IN THE FEMORAL VEIN 


Treatment 7 d postop. 21 d postop. 
None Oo 
| eeoo0 

Defibrase i.v. TOTOOG O GOOO 

(0-1 mi/kg) 3 d QOCOO-OO e 

before and 7 d Oo 

after op. 
Defibrase s.c. GEOG O CO UOPO 

(0-1 mifkg) 3 d GOGO eee 


before and 7 d 
after op. 





©, Patent; ($, partially occluded with thrombus; 
@. completely occluded with thrombus. 


(P = 00005). If the 4 grafts which thrombosed 
because of wound infection are included in this 
assessment, the thrombosis score of the test group 
becomes 10 out of a possible 38, which is still 
significantly different from the control group 
(P = 0:0005) (Table III). 

The two animals with infected wounds had to be 

destroyed. Three other dogs were killed between days 
7 and 10: one died under anaesthetic during phle- 
bography, another developed extensive subcutaneous 
bruising and vomiting and the third developed a 
pyrexia and cough and was thought to have distemper. 
This left 5 grafts in 3 dogs to be observed beyond the 
first week of postoperative defibrinogenation. One 
of these 5 grafts was partially occluded at the end of 
the week of defibrinogenation but the other 4 were 
fully patent. Phlebograms at weekly intervals for 
another 2 weeks showed that the 4 patent grafts 
remained patent but the partially occluded graft 
became completely blocked (Table IV). Thus, the 
thrombosis score of this small group that survived 
defibrinogenation, 3 weeks after operation, was 2 out 
of 10—significantly different from the score of the 
control group at 1 week, 12 out of 14. 
Blood loss: The mean blood loss at the time of inser- 
tion of the Dacron grafts in the test group was 64 ml 
and 22 ml (range 10—70) in the control group. Thus 
there was a slightly greater blood loss in the defibrino- 
genated dogs but it was of insignificant quantity. 


Experiment 3: Dacron vein grafts and subcutaneous 
Defibrase 
Four dogs had bilateral Dacron prostheses inserted. 
Seven days later none of the 8 grafts was occluded; 
3 weeks after operation 3 grafts had occluded. The 
thrombosis score at 3 weeks was therefore 6 out of 16. 
This is significantly different from the control group 
of experiment 2 (intravenous Defibrase), whose score 
was 12 out of 14 (Table IV). 

Overall, in the 7 dogs with 13 grafts that were 
defibrinogenated for 1 week after operation (5 intra- 
venously and 8 subcutaneously) and were observed 
for a further 2 weeks, 9 grafts remained patent and 4 
thrombosed (Table IV). Two of the thrombosed 


Table V: THROMBOSIS SCORE OF DACRON VEIN 
GRAFTS 3 WEEKS AFTER INSERTION 


No Max. 
Thrombosis thrombosis possible 
score score score 
Control (at 7 d) 12 2 14 
Test (at 3 wk) 8 18 26 





Seven control animals, 5 i.v. and 8 s.c. Defibrase. 
x? = 10:98, P 0-0005. 


Table VI: RETHROMBOSIS RATE AFTER INSERTION 
IN THE FEMORAL VEIN OF A 3-cm SEGMENT OF 
CONTRALATERAL FEMORAL VEIN CONTAINING A 
VALVE 


Treatment 7 d postop. 21 d postop. 
None Oo 1 
Defibrase i.v. (0-1 ml/kg) 3 d Oo O O 
before op. 
Defibrase i.v. (0-1 ml/kg) 3 d O O O Oooo 


before and 7 d after op. 


©, Patent and healthy valve; (B), partially occluded with 
thrombus. 





grafts were in a dog who became sick in the middle 
of the third week and who probably had distemper. 
The overall thrombosis score, 8 out of 26, is signifi- 
cantly different from the control animals (P = 0-0005) 
(Table V). 


Experiment 4: Valve transposition 
A segment of femoral vein containing a valve was 
inserted in 7 dogs; 1 was not defibrinogenated, 2 were 
defibrinogenated for 3 days before operation only and 
© 4 were defibrinogenated before operation and for 7 
days afterwards. The graft in the untreated animal 
was partially occluded 7 days after operation and was 
unchanged 3 weeks later. The other 6 grafts were all 
patent at 7 days and at 3 weeks, and in all cases the 
valve contained in the graft was thin and pliable and 
appeared quite normal (Table VI). 

The veins below the ligature in the donor leg all 
thrombosed despite the defibrinogenation. 


Discussion 

The possible advantages of defibrinogenation as a 
method of anticoagulation have been apparent since 
drugs such as Defibrase first appeared. Because the 
plasma fibrinogen is easy to measure, the effect of the 
drug can be precisely controlled. The questions that 
these experiments attempted to answer were: 

1. Can direct vein surgery be performed during 
defibrinogenation ? 

2. Is it possible to maintain the patency of the veins 
after the insertion of an artificial prosthesis, or a 
thrombectomy, with the aid of defibrinogenation? 

3. Is it possible to transpose venous valves? 


Safety 

The results show that it is possible to operate safely 
on a completely defibrinogenated animal. If the plasma 
fibrinogen concentration is kept between 0 and 0-5 g/l 
there appears to be sufficient fibrinogen available for 
haemostasis in wounds and around suture lines. There 
were no bleeding problems from the wound edges 
during the operation, through either the phlebotomies 
or the Dacron prostheses, but the wounds seemed to 
heal slowly. 

The absence of bleeding is probably due to the 
absence of fibrin degradation products (FDP). A 
high concentration of FDP occurs at the beginning of 
treatment but once the circulating fibrinogen has been 
destroyed the FDP level falls to near normal limits. 
Olsson et al. (1971) have shown that high concentra- 
tions of FDP interfere with the coagulation mechanism 
and lead to a haemorrhagic state. It is therefore 
dangerous to operate at this time (Rahimtoola et al., 
1970). It is essential to wait for 2-3 days after the 
initial defibrinogenation for the FDP concentration to 
fall before operating. This precludes the use of 
defibrinogenation as an adjunct to emergency thromb- 
ectomy, but in many cases patients present with a 
thrombosis that is 7 or 10 days old and an additional 
delay of 2 or 3 days would do no harm. 

If large amounts of blood were to be given during 
an operation, new FDP would be produced which 
might bring about a haemorrhagic state. Therefore, 
surgery during defibrinogenation should only be 
performed when it is reasonably certain that there will 
not be a large loss of blood. This restriction is likely to 
confine the use of defibrinogenation during surgery to 
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operations on the limbs, although Olsson et al. (1976) 
have successfully operated on 7 defibrinogenated 
patients with caval and/or iliac vein thromboses. 

In a defibrinogenated animal arterial suture lines 
bleed excessively, so defibrinogenation must not be 
used as an adjunct to arterial surgery. 


Vein grafts and thrombectomy 


Defibrinogenation produced a significant reduction in : 
the rate of rethrombosis after thrombectomy and in .- 
the Dacron vein grafts. It appears to be safe to stop `. 


the defibrinogenation 7 days after the operation, 
a only a few vessels thrombosed between days 

and 21. 

In man the degree of defibrinogenation can be 
controlled much more accurately and treatment can 
be continued for 5-6 weeks, which should be ample 
time for the incorporation of a graft and the develop- 
ment of a pseudo-intima. 


Vein valves 
All the valves that were transplanted remained thin, 
mobile and apparently competent. These experiments 
need to be expanded to study the long term changes 
in transplants of longer segments of vein containing 
more than one valve, including physiological tests ot 
valve competence, but the results so far are promising. 
At first sight, the number of patients who need 
direct vein surgery is small. The obvious candidates 
are those who need a complete segment of vein 
replaced following a deep vein thrombosis, but many 
of these patients are not suitable for surgery because 
they do not have a healthy segment of vein above and 
below the diseased area on to which a graft could be 
attached. Yet there is still a great need to discover a 
method whereby the function of the calf muscle 
pump can be restored to normal after deep vein 
thrombosis. It may be that this could be achieved by 
inserting a segment of vein containing valves in 
the outflow of the calf. If so, this procedure may be 
made safe and successful by the addition of defibrino- 
genation. 
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Day care after operations for hernia or 
varicose veins: a controlled trial 
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SUMMARY 

Alternative systems of care after operations for 
varicose veins or hernia were compared in a total of 
360 selected patients, of whom 121 were allocated to 
be managed in an acute ward for 48 h, 122 in a con- 
valescent hospital for 48 h and 117 to be discharged 
directly home to the care of the district nursing sister 
and general practitioner. There were no deaths or major 
complications. Anaesthetic or surgical problems 
caused 5 patients (3 convalescent and 2 day care) to be 
retained in hospital on the day of operation. Minor 
complications were recorded in approximately one-third 
of the patients. The majority of these were effectively 
dealt with by the district nursing sister and only one- 
third of the complications needed the attention of the 
general practitioner. Two of the ward patients and 1 of 
the convalescent patients required readmission to 
hospital (1 per cent in all). No significant difference 
was demonstrated in the medical outcome between the 
three groups after operation. Day care was the most 
economical of the three systems of care. Inquiry into the 
patients’ opinions elicited the highest proportion of 
favourable responses in the day care group. 


OPERATIONS for hernia or varicose veins can be 
managed on a day care basis (Farquharson, 1955; 
Stephens and Dudley, 1961; Williams, 1969; Ruckley 
et al., 1973), yet care of this type is practised in only 
a few centres. The mean duration of hospital stay for 
herniorrhaphy in Scotland in 1975 (the most recent 
figures available) was 8 days and for varicose vein 
operations 6 days (Scottish Hospital Inpatient Statistics 
1975). 

Serious complications of anaesthesia and surgery 
of this scale are very rare. As the living conditions of 
the majority of patients and also the organization of 
health care in the community improve, then the case 
for widening the scope of outpatient surgery grows 
stronger. To these can be added economic arguments 
for making more efficient use of hospital facilities. 

Although there have been a number of descriptions 
of day surgery, well reviewed by Simpson (1976), at 
the time of starting this trial there were no published 
prospective, controlled comparisons of major day 
surgery with conventional forms of care. Recently 
Russell et al. (1977) compared .day care with 5-6-day 
stay after operations for hernia or haemorrhoids and 
found no difference in the quality of the clinical out- 
come in the hernia group, but after haemorrhoid- 
ectomy complications. were twice as common in the 
day care group. Cost analysis favoured the day care 
group. Short stay surgery has also been subjected to 
clinical trial. Morris et al. (1968) compared 1-day with 
5-6-day stay after hernia repair; Adler (1977) 
compared 2-day with 6-7-day stay for hernia or 
varicose veins. Both groups found no difference in 
medical outcome. 


Three types of care were compared in this study. 
After operation for hernia or varicose veins the 
patients were managed in an acute hospital ward for 
2 days, or in a convalescent hospital for 2 days, or at 
home under the care of a district nursing sister and 
general practitioner under an established day care 
scheme (Ruckley et al., 1971). This paper compares 
the alternative systems of care mainly in terms of the 
patients' medical progress. The opinions of patients 
and relatives, the workload for general practitioners 
and district nurses and the economics are discussed 
only briefly since they will be analysed in depth in 
later communications, 


Patients and methods 

Patients suffering from inguinal or femoral hernia or varicose 
veins and judged by any one of the four general surgeons at this 
hospital to be suitable for operative treatment were considered 
for entry into the trial. One of the regular outpatient clinics 
was used for screening. Grounds for exclusion were mainly 
medical or social. Age was no bar, although patients over 60 
were only considered if they were very fit. Medical assessment 
was based on history, examination and routine screening tests, 
i.e. blood counts, urinalysis, chest radiograph and, in selected 
patients, electrocardiograph and tests of respiratory function. 
No finite criteria for medical suitability were laid down; for 
each patient it was a matter of clinical judgement. Initial 
social assessment was based on a history taken by a research 
nurse at the clinic. This was confirmed by a home visit by the 
research nurse, approximately a week later, who talked both 
to patients and relatives and assessed the home circumstances. 
At this point, the patient’s informed consent having been 
obtained, the option was drawn from a randomized series in 
sealed envelopes. A system of restricted randomization was 
used to avoid any possibility of grossly unequal allocations. 
Separate randomizations were used for the vein and hernia 
patients to ensure an appropriate distribution in each group. 
The organization of day surgery and the all-important Haison 
with general practitioners and district nurses has been described 
previously (Ruckley et al., 1971). 

All operations were carried out in the outpatient operating 
theatres, adjacent to the day unit, by a consultant (C.V.R.) 
or one of the senior house officers under consultant supervision. 
The patient arrived at 8.30 a.m. on the morning of operation. 
To ensure uniformity of management neither the surgeon nor 
the anaesthetist was informed of the patient's postoperative 
destination. Standard premedication, general anaesthetic, 
postoperative analgesia and thromboembolism prophylaxis 
regimens were used throughout. The latter consisted of 
intravenous Dextran 70 (500 ml) during operation for the 
varicose vein patients and dextran plus peroperative 
pneumatic compression for the hernia patients. 

All the operations were performed in the morning. Patients 
remained in the day unit until judged by medical staff to be 
fit to travel. One-third were transferred to an acute surgical 
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cause-specitic, 
effect...decisive 


in most infections following abdominal 
or gynaecological surgery 


ost of these infections 
are caused by anaerobes 


Post-operative infection is a major complication 
of gastro-intestinal and gynaecological 
surgery. After colonic surgery the incidence 
can exceed 50 per cent. 

In both the colon and the female genital tract, 
non-sporing obligate anaerobic bacilli are 
commonly occurring (and, in the colon, 
heavily preponderant) organisms of the 
normal bacterial flora.2* Now, with greatly 
improved techniques of isolation, there is 
increasing awareness of their importance as 
the major pathogens in post-surgical infection 
involving these fields." ^ ^ 

" ..Itis now well established that most of these 
post-operative infections are due to 

anaerobes ...'^ 

" .. aerobic bacteria are usually only of 
secondary importance in these clinical 
settings.” 





lagyl is specifically, 
intensely, consistently 
bactericidal to anaerobes... 


‘Flagyl’ is unique as the only available 
antimicrobial agent with selective activity 
against obligate anaerobes.? ° Experience 
shows it to be consistently, completely 
bactericidal to these organisms? —at serum 
and tissue concentrations well below those 
normally obtained in treatment." ’ 
Bactericidal concentrations are also rapidly 
reached in most other body fluids. 


...and thus dramatically, 
uncompromisingly 
effective in clearing most of 
the infections 


Incisively active against the primary 
pathogens, ‘Flagyl’ is spectacularly successful 
in providing effective antimicrobial therapy in 
most post-operative abdominal and 
gynaecological anaerobic infections. 

“In all our infected patients the clinical and 
microbiological response to metronidazole 
was dramatic. Within12-24 hours the 
temperature and pulse-rate had usually returned 


to normal, the patient looked and felt better... 
There was a strikingly rapid disappearance of 
anaerobic bacteria from pathological 
discharges, which ceased to be purulent and 
offensive and quickly subsided."? 

Even in cases of mixed anaerobic/aerobic 
aetiology, the use of ‘Flagyl’ alone, directed 
against the anaerobic component, has given 
excellent results.’ 

Moreover the results of preventative use are 
equally impressive: 

“... considerable reduction in post-operative 
morbidity due to metronidazole prophylaxis . . . 
has lightened the nursing of patients with 
serious post-operative sepsis by virtually 
eliminating it. "* 





P. lagyl does not have 
the drawbacks of agents 
previously used 


Previously preferred antimicrobial agents 
such as chloramphenicol, lincomycin and 
clindamycin are not consistently bactericida! 
to anaerobes at readily attainable serum. 
concentrations —nor completely bactericidal 
to all strains of the major species. They may 
also predispose to resistance of aerobic or 
facultatively anaerobic pathogens.*^ 5 

‘Flagyl’ reliably anaerobicidal and, through its 
specificity, incapable of inducing aerobic 
resistance,? 5? does not have these 
disadvantages — which is why itis now 
revolutionizing the management of post- 
operative abdominal and gynaecological 
infections. 








P. lagyl injection provides 
a convenient new dosage form 
for the seriously ill 





‘Flagyl’ injection for intravenous infusion 
answers the need for conveniently given, 
rapidly effective medication for sepsis 
following major surgery,’ especially when the 
infection is well established. High blood levels 
can be very quickly obtained and adequately 
maintained” until the patientis well enough 
to transfer to oral or rectal therapy. 

“We have found intravenous metronidazole to 
be safe, easy to administer, and well tolerated 
by patients... 


* compatible in the body with other 
antibacterial agents when combined 
antimicrobial therapy is appropriate® 

* Seventeen years’ well tolerated, 
widespread use in other major 
indications 

* now in oral, rectal and i.v. presentations 


references and full prescribing information 
overleaf 








for intravenous infusion 
in postoperative 
abdominal and 
gynaecological infection 


PRESCRIBING INFORMATION 
{anaerobic infections) 


N.B. Metronidazole has no useful direct 
activity against aerobic or facultatively 
anaerobic bacteria. 


Presentation 


Injection (for intravenous infusion) O.5%w/v 
in TOO mi hotties (500 mg metronidazole per 
100mii. 


Uses 


1. Treatment of infections in which 
anaerobic bacteria have been identified or 
are suspected as pathogens, particularly 
Bacteroides fragilis and other species of 
bacteroides and including other species for 
which metronidazole is bactericidal, such as 
fusobacteria, eubacteria, clostridia and 
anaerobic cocci. 

‘Fiagy! has been used successfully in: 
septicaemia, bacteraemia, brain abscess, 
necrotising pneumonia, osteomyelitis, 
puerperal sepsis, pelvic abscess, pelvic 
celiulitis, peritonitis and postoperative wound 
infection, from which one or more of these 
anaerobes have been isolated 

2, Prevention of postoperative infections 
due to anaerobic bacteria, particularly 
species of bacteroides and anaerobic 
streptococci. 


Dosage and Administration 


in patients with severe anaerobic infection 
for whom oral medication is not possible oris 
contra-indicated; itis particularly useful in 
emergencies and isindicated in patients 
needing surgery who: 

-have or are believed to have anaerobic 
sepsis such as septicaemia, peritonitis, 
subphrenic or pelvic abscesses. 

-at operation show signs of established or 
impending anaerobic sepsis. 

-undergo operations in which contamination 
occurs with anaerobes from the gastro- 
intestinal or female genital tractsor the 
oropharynx. 

In intants and other patients maintained on 
intravenous fluids, ‘Flagyl’ injection may be 
diluted with appropriate volumes of normal 
saline, dextrose-saline, dextrose 5% w/v or 
potassium chionde injections (20mmol and 
4Q0mmoli. 


1. Treatment: 
Aduits and children over 12 years: 


100 mi by intravenous infusion eight-hourly. 
The injection should be infused intravenously 
at the rate of 5rni per minute but may be 
administered alone or concurrently (but 
separately} with other bacteriologically 
appropriate antibacterial agents in parenteral 
dosage forms. Oral medication with 400mg 
three times daily should be substituted as 
Soon asthis becomes feasible. Treatment for 
seven days should be satisfactory for most 
patients but, depending upon clinical and 
bacteriological assessments, the physician 
might decide to prolong treatment e.g. for 
the eradication of infection from sites which 
cannot be drained or are liable to endogenous 
re-contamination by anaerobic pathogens 
from the gut, oropharynx or female genital 
tract. 


Children under 12 years: 


As for adults but the single intravenous dose 
is based on 1.bmt (7.5rng metronidazole) per 
kg bodyweight and the oral dose on 7.5mg 
per kg bodyweight. 


2. Prevention: 
Adults and children aver 12 years: 


100ml by intravenous infusion immediately 
before, during or after operation, followed by 
the same dose eight-hourly until oral 
medication (200 to 400mg three times daily! 
can be given to complete a seven-day course. 


Children under 12 years: 


As for adults but the single intravenous dose 
is based on 1.5ml (7.5mg metronidazole} per 
kg bodyweight and the oral dose on 3.7 to 
7.5mg per kg bodyweight 


Contra-indications 


There are no absolute contra-indications to 
the use of Flagyl intravenous injection for 
anaerobic antibacterial therapy. 


Precautions 


The recommended dosages, frequencies of 
administration and durations of medication 
have been found effective and well tolerated 
in nearly all cases. However, regular clinical 
and biological surveillance are advised if 
administration of ‘Flagyl’ for more than 10 
days is considered to be necessary. 

Clinicians who contemplate continuous 
therapy, for the relief of chronic conditions, 
for periods longer than those recommended 
are advised to consider the possible 
therapeutic benefit against the risk of 
peripheral neuropathy. 

Such evidence as is avaiable suggests that 
patients with various degrees of renal 
impairment handle metronidazole like 
patients with normal renal function, Daily 
dosage may, however, be halved for patients 
with renal failure, if the clinician so wishes, 
as such dosage has been found effective. 

Patients should be advised not to' take 
alcoholic drinks during metronidazole 
therapy. 

Metronidazole enhances the activity of 
warfarin and if 'Flagyl is to be given to 
patients receiving this or other oral anti- 
coagulants the dosages of the latter should 
be recalibrated. 

Pregnant women tolerate metronidazate 
well and no adverse effect on their offspring 
has been reported. As with ali medicines 
‘Flagyl’ should not be given during pregnancy 
or during lactation unless the physician 
considers it essential 


Side effects and adverse reactions 


No serious adverse reactions have been 
encountered with the recommended regimes. 
There have been occasional reports of an 
unpteasant taste in the mouth, furred tongue, 
nausea, vomiting (very rarely} and gastro- 
intestinal disturbance. Drowsiness, dizziness, 
headache, ataxia, skin rashes, pruritus, 
inco-ordination of movement and darkening 
of the urine (due to a metronidazole 
metabolite) have been reported but very 
rarely. During intensive and/or prolonged 
metronidazole therapy, a few instances of 
peripheral neuropathy have been reported 
but in most cases the reaction disappeared 
after treatment was stopped or when dosage 
was reduced. A moderate leucopenia has 
been reported in some patients but the white 
cell count has always returned to norma! 
before or after treatment has been completed. 
Transient epiteptiform seizures have been 
reported in a few patients undergoing 
intensive, high-dosage metronidazole radio- 
sensitisation therapy. 


Treatment of overdosage 


There is no specific treatment for gross 
overdosage of 'Flagyl', but early gastric 
iavage is recommended. Uneventful recovery 
has followed attempts at suicide with 
quantities of 30 and 60 x 200mg tablets. 


Pharmaceutical precautions 
Protect from light. 

Package quantities 

Bottle of 100 mi injection 0.5% w/v. 
Further information 


_ Other established indications for 'Flagy! 


include urogenital trichomoniasis, giardiasis, 
alt forms of amoebiasis, acute ulcerative 
gingivitis and acute dental infections. 'Flagyl 
is also available as tablets and, in some 
territories, as Suppositories. 
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ward in the same hospital (ward patients), the remainder 
were discharged by ambulance— one-third to a convalescent 
ward at the Astley Ainslie Hospital, a distance of approxi- 
mately 5 miles (‘convalescent patients’) and one-third directly 
home (‘day patients’). The responsibility for care was explicitly 
transferred to the district nursing sister and general practitioner 
upon discharge from hospital, whether directly or after 48 h. 

The district nursing sister visited the patient’s home accord- 
ing to a defined routine—thrice daily for the first 2 days and 
daily thereafter for as long as required, while general practi- 
tioners visited at. their discretion. The patient was interviewed 
by the research nurse at 24 h and at | week. The caring relative 
was also interviewed separately at 24h if the patient went 
directly home and in all cases at 1 week. Patients were seen 
by the surgeon in the follow-up clinic between 2 and 3 weeks 
after operation (mean 18 days). 


Characteristics of patients 

The age distribution of patients was not representative of the 
referred population with these conditions because the criteria 
limited the number of elderly who were eligible for the trial. 
The mean age of patients accepted for the study was 43, with a 
standard deviation of 11 years. Forty-six per cent of the 
patients were male. There was a much higher proportion of 
married patients in the study than in the population as a whole, 
again due to entry criteria emphasizing the need to provide a 
caring person at home continuously for the first 48 h of the 
after-care period. 


Results 

At the time of initial referral 498 patients were con- 
sidered to require an operation suitable for inclusion 
in the trial. Of these, 131 (26 per cent) were excluded 
after screening. Eight patients (2 per cent) refused to 
take part in the trial, 49 (10 per cent) were excluded on 
medical grounds (mainly cardiovascular or respiratory 
disease) and 74 (15 per cent) for social reasons. The 
principal reason for exclusion on social grounds was 
the absence of a suitable relative or friend at home to 
provide postoperative care. Of the latter group, 65 
were excluded because of the social history obtained 
at the clinic and 9 on account of circumstances elicited 
by the nurse's home visit. Seven patients were found 
to be suitable on screening but at the time of con- 
clusion of the trial had not undergone operation for a 
variety of reasons, e.g. leaving the district. 

Patients excluded from the trial were added to the 
inpatient waiting list (65) or were allocated either to 
the acute ward or to convalescent care under the same 
system as in the trial. The remaining 360 patients 
(varicose veins 284, hernia 76) were entered into the 
trial. The distribution of the various groups and the 
type of operation is shown in Table I. 


Complications 
The planned care was altered as the result of operative 
or anaesthetic problems in only 5 patients (2 per cent) 
(3 convalescent and 2 day care). These patients were 
admitted to the surgical ward for observation follow- 
ing operation and discharged the next day. Read- 
mission was required for only 3 (1 per cent). Two of 
these patients were diagnosed as having minor 
pulmonary emboli and one had an undiagnosed chest 
pain. These 3 patients had all had 48 h of inpatient 
care (see Table III). None of the 117 who were sent 
directly home on the day of operation required to be 
readmitted to hospital. 

A detailed record of the postoperative course was 
provided by assessment at the follow-up clinic 
together with reports from district nursing sisters and 
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Table I: OPERATIONS INCLUDED IN THE TRIAL 
AND POSTOPERATIVE CARE ALLOCATIONS 


Aftercare group 
Ward  Convalescent Day 
Type of operation care care care Total 
Hernia 
Inguinal 24 27 23 74 
Femoral I 0 i 2 
Varicose veins 
Trendelenburg and 73 66 67 206 
stripping 
Trendelenburg and 1} i4 11 36 
ligation 
Ligation 12 13 15 42 


Total 121 122 117 360 


Table H: POSTOPERATIVE COMPLICATIONS 
No. 


Delayed wound healing* 71 

Ankle swelling 19 

Vomiting (for 24 h) 8 

Paraesthesiae over saphenous nerve 6 
distribution 

Calf tenderness 

Phiebitis 

Local skin reaction 

Drug reaction 

Vasovagal episode 

Pulmonary embolism 

Chest pain (undiagnosed) 

Backache 

Conjunctivitis 
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* For definition see text. 


Table Ii: LEVEL OF CARE REQUIRED FOR THOSE 
WHO DEVELOPED POSTOPERATIVE 
COMPLICATIONS 
Aftercare group 
Ward Convalescent Day 


Level of care required care care care Total 
Readmitted 2 1 0 3 
Surgical consultation 0 3 2 5 
General practitioner il 17 16 44 
District nurse 16 27 24 67 
Total no. 29 48 42 119 
complications 
(excluding wounds)* 
Total no. of patients 121 122 17 360 


coon nn ence ibt RR RR Ed 


Figures refer to number of complications observed and not to 
number of patients with complications. 


general practitioners. Delayed wound healing was 
tabulated separately from other complications. Three 
hundred patients (83 per cent), when interviewed at 
the follow-up clinic, reported an uneventful post- 
operative course. Of these, 47 had one or more 
incidents in their earlier postoperative course noted 
by the district nurse or general practitioner. In total, 
128 complications (1 per 3 patients) were recorded, 
ranging from the trivial to conditions necessitating 
readmission (Table H). One patient was seen by the 
surgeon in her home because of cellulitis of the calf 
stemming from a wound infection. Any wound not 
perfectly healed by first intention at the time of the 
clinic visit was classed as showing 'delayed healing'; 
this was noted in 71 cases (20 per cent). The incidence 
was 14, 23 and 25 per cent in the ward, day care and 
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convalescent groups respectively. This difference was 
not statistically significant at the 5 per cent level 
(y? = 48, d.f. = 2, 005 c Pc O1). 

Delayed healing consisted usually of serous 
discharge or minimal skin edge necrosis, which was 
almost entirely confined to incisions in the ‘gaiter’ 
area of the lower third of the calf in patients with 
advanced varicose veins where poor healing is 
relatively common. If only 1 out of 6 or 8 incisions in 
a leg showed delayed healing this was still recorded 
as a case of delayed healing. In over 80 per cent of 
those recorded as showing delayed healing only one 
wound was affected. 

Table III shows the level of care required for the 
treatment of complications. Two of the ward patients 
had to be readmitted and one convalescent patient; 
none of the day care group required readmission. 
Three of the convalescent patients and 2 of the day 
care group were referred back early to the hospital 
outpatient department for a surgical opinion and/or 
treatment. The majority of complications (57 per cent) 
were effectively dealt with by the district nurse while 
36 per cent were treated by the general practitioner. 
The three groups did not differ in the level of care 
needed for the treatment of complications after 
discharge from hospital. Seven of the complications 
noted in the day care group were reported by the 
district nursing sister or general practitioner within 
48 h of operation and would not have been reported 
had they occurred in either of the other two 
groups. 


Consumer acceptability 

Overall the patients and relatives were very satisfied 
with the care in each of the three groups. Analysis of 
patients' opinions suggested that day care was the 
most acceptable of the three alternatives. Reaction 
from caring persons did not reveal any major 
disadvantages or criticisms which made day care 
unacceptable. These aspects will be reported in full 
elsewhere. The care provided by the district nursing 
sisters provoked much favourable comment. Mothers 
with young children were especially pleased with the 
day care system. 


Workload and costs 

Day care involved an average of only 8 min more 
working time (including travelling) for general 
practitioners in the 3 weeks after operation than did 
either of the other two forms of care. Forty per cent of 
patients had no direct contact with their general 
practitioners in the postoperative period. The average 
contact times with the district nursing sister (including 
travelling) in the 3-week follow-up period were 186, 
204 and 325 min for the ward patients, convalescent 
patients and day care patients respectively. 

The hospital costs were determined by the method 
of Russell (1974). Combining the figures for hospital 
costs with the relative costs of providing community 
care and ambulance service there was an overall saving 
to the Health Service of £30 per patient for day care 
and £8 for convalescent care. It should be pointed out 
that we have compared day care with 48-h admission 
although, as noted earlier, the average duration of 
hospital stay in Scotland after hernia repair is 8 days 
and after varicose vein surgery 6 days. The saving in 
day care compared with a 7-day stay in a surgical unit 


is approximately £100 (Scottish Hospital Inpatient 
Statistics, 1975). 


Discussion 

More than 7000 inpatient operations were performed 
for femoral or inguinal hernia and more than 4000 for 
varicose veins in Scotland in 1975 (Scottish Hospital 
Inpatient Statistics, 1975). Quite apart from economic 
considerations, the question must be asked as to 
whether the occupancy of hospital beds is always 
desirable on medical grounds. The average hospital 
ward compares poorly with most home environments 
in terms of comfort, menu, personal attention, 
privacy, hygiene and risks of cross-infection. If life- 
threatening complications were regularly encountered 
after surgery of this severity, hospital inpatient care 
would be essential. This trial, in common with other 
accounts of day or short stay surgery (Farquharson, 
1955; Stephens and Dudley, 1961; Aldridge, 1965; 
Morris et al., 1968; Williams, 1969; Ruckley et al., 
1971, 1973; Chant et al, 1972), revealed negligible 
serious complications. The main risks occur at the 
time of induction of and arousal from anaesthesia 
rather than from the surgery per se, or later post- 
operative events. At these critical times the patient 
does receive the necessary intensive hospital care. 

The complications observed in this trial, although 
relatively numerous (36 per cent) were medically 
trivial and most were dealt with by the district nursing 
sister. The workloads and the views of the nurses and 
general practitioners are to be analysed in separate 
reports, but from a medical viewpoint the role of the 
nurse in this study merits comment. 

A large share of the work of the screening clinic 
was performed by a nurse who took social histories, 
measured blood pressure, arranged and checked 
screening tests and provided a venepuncture service. 
The social history and/or the nurse's preoperative 
home visit commonly revealed circumstances unknown 
to the medical practitioner. After the patients had 
returned home, less than half of the complications 
required the personal attention of their general 
practitioners, although final responsibility lay in 
their hands. Thus, we underline the fact that many of 
the tasks currently undertaken by doctors, both in the 
hospital and in the community, could be delegated to 
nurses or other trained staff. 

This trial demonstrates that selected patients can 
safely be offered postoperative care at home or in 
convalescent accommodation after operation for 
hernia or varicose veins, with a high level of consumer 
satisfaction and clear economic advantages. 
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Surgical treatment of the severely ischaemic leg: 


l. Survival rates 


K. A. MYERS*, R. B. KING, D. F. SCOTT, N. JOHNSON AND P. J. MORRIS} 


SUMMARY 
Over a 10-year period, 411 patients with atherosclerotic 
major artery disease causing severe ischaemia of the 
legs were treated by surgery. Their survival rate, 
assessed by the life table method, was 80 per cent at 
I year and 50 per cent at 5 years. Early and late 
survival rates were significantly worse in elderly 
patients, and in patients with extensive gangrene. 
Late survival rates were significantly worse in diabetics, 
and in patients with clinical myocardial ischaemia. 
Patients treated by arterial reconstruction showed a 
better survival rate than those treated by sympathectomy 
or amputation, though the latter groups contained 
more poor risk patients. Survival rates were not 
influenced by the technique of reconstruction. 


FREQUENTLY, the severely ischaemic leg can be saved 
by arterial reconstruction (Taylor, 1971; Darling and 
Linton, 1972) or by lumbar sympathectomy (Myers 
and Irvine, 1966; Kim et al., 1976). Otherwise, the 
leg is usually destined for major amputation 
(Humphries, 1971) and the outcome for the vascular 
amputee is poor (Little, 1975). 

However, many take the pessimistic attitude that 
the patient is so unlikely to survive, because of 
associated coronary and cerebral artery disease, that 
any local benefit from surgery to the leg is short-lived 
and barely worth while. A persuasive case for 
‘salvage surgery’ must include the demonstration of an 
adequate long term survival rate. 

This paper analyses the survival rate among 411 
patients with severe lower limb ischaemia treated by 
arterial reconstruction, lumbar sympathectomy or 
major amputation through a 10-year period. All were 
affected by severe rest pain, ischaemic ulceration or 
gangrene due to atherosclerotic major artery disease. 
Their survival rate was analysed by the life table 
method in respect of age, sex, clinical evidence of 
myocardial ischaemia, diabetes, severity of ischaemia 
and the type of operation performed. 


Patients and methods 


Nature and distribution of disease 

All patients had chronic ischaemia due to atherosclerosis. 
Patients with acute ischaemia were excluded, as were patients 
with arterial embolism, Buerger's disease and arterial trauma. 
Diabetic patients with infective gangrene and normal ankle 
pulses were excluded---only diabetics with major artery 
occlusions were studied. 

Severe ischaemia affected one leg only in 354 patients and 
both legs at some stage through the study, usually at the first 
presentation, in 57 patients. Thus, there were 468 severely 
ischaemic legs in the 411 patients treated by surgery. 

At the time of first presentation, arteriography or clinical 
examination showed the predominant site of disease to be the 
aorto-iliac segment in 114 patients and the femoropopliteal 
segment in 248 patients. Patients with aorto-iliac disease all had 
an associated superficial femoral artery occlusion. Patients 
with a superficial femoral block all had appreciable tibial 
artery disease. Forty-nine patients had tibial artery occlusion 
alone. 


Age, sex and general disease 

The age distribution is shown in Fig. 1: there was a peak 
incidence in patients in their sixties and early seventies, The 
sex distribution and incidence of clinical myocardial ischaemia 
(a previous myocardial infarct or severe angina) or clinical 
diabetes are shown in Table I. Forty per cent of the patients 
were female. About 20 per cent of patients suffered clinical 
myocardial ischaemia; this does not include patients with 
electrocardiographic changes alone. Clinical diabetes was 
present in 20 per cent of patients; it was less common with 
predominant aorto-iliac disease (10 per cent) than with 
femoropopliteal disease (25 per cent) or tibial artery disease 
(35 per cent). 


E 80 ^ 
z AYE 
s TEE 
aB LL 
. Papar 
dlld. 
AGE (years) 


Fig. 1. The age distribution of patients with severely 
ischaemic legs. 


Table I: SEX DISTRIBUTION AND INCIDENCE OF 
MYOCARDIAL ISCHAEMIA AND DIABETES 


No. of patients 


Male 249 (60%) 

Female 162 

Clinical myocardial ischaemia 95 (20% 

No clinical myocardial ischaemia 316 

Diabetic 92 (20%) 
Aortofemoral disease 12/114 (107, 
Femoropopliteal disease 62/248 (25%) 
Tibial artery disease 18/49 (35777 

Non-diabetic 319 


The last 200 apparently non-diabetic patients had a routine 
glucose tolerance test, and 25 per cent of these showed an 
abnormal curve compatible with preclinical diabetes; however, 
these are not included in the clinical diabetic group. Most 
non-diabetic patients were cigarette smokers. 


* Vascular Service, Prince Henry's Hospital, St Kilda Road, 
Melbourne, Australia. 

t Present address: Nuffield Department of Surgery, University 
of Oxford. 











Clinical features 
The predominant signs and symptoms were classified into the 
following four groups: 

1. Ischaemic rest pain without tissue necrosis (168 patients). 
There was persistent, severe, burning pain in the foot which 
was usually episodic and nocturnal but in some cases constant. 

2. Ischaemic ulceration (54 patients). There was superficial 
ulceration about the lower leg or foot, though without pene- 
trating necrosis. The ulcer was usually extremely painful. 

3. Limited gangrene (142 patients). These patients had 
either gangrene or a deep penetrating ulcer localized to one or 
more toes. This group included any patient who required local 
amputation of one or more toes to achieve healing. 

4. Extensive gangrene (47 patients). These patients had 
gangrene which extended beyond the toes on to the forefoot, 
deep necrosis over the pressure areas of the foot. particularly 
over the first or fifth metatarsophalangeal joints, or deep 
necrosis over the heel. 


Treatment 

The operations performed are detailed in Tables H and HI. 
Slightly more than 5 per cent were treated by primary major 
amputation although a further 25 per cent came to amputation 
after failed arterial reconstruction or sympathectomy. Almost 
equal numbers of patients were treated in the first instance by 
arterial reconstruction. and by sympathectomy, although 
about one-third of the sympathectomy group required sub- 
sequent arterial reconstruction. 

Aortofemoral reconstruction consisted of Dacron grafts or 
endarterectomy procedures in about equal numbers. Femoro- 
popliteal reconstruction usually consisted of an autogenous 
vein graft but a Dacron bypass was performed if no suitable 
vein was present. 


Statistical analysis 

The patients were studied over a 10-year period, with a 
minimum follow-up of 6 months in survivors. The survival 
rate was analysed by the life table method (Colton, 1974). 
With this technique, patients are grouped together regardless 
of the calendar time during which they were observed. Within 
successive observation intervals, the death rate is expressed 
as a percentage of patients available for study through that 
interval. Patients were withdrawn through each interval 
because of death, because they were still under observation at 
the time of finishing the study, or because of loss to follow-up. 
It is acceptable to include patients lost to follow-up provided 
that the number is not large. The number lost m each interval 
is shown in Fig. 2. 

Two assumptions are made regarding patients withdrawn 
during each interval, namely that they were withdrawn 
halfway through the interval and that during this time they 
were subject to the same risk of death as the observed incidence. 
With these assumptions, the death rate during each interval is 

_ d+ Qvaí2), 

TO N 
which is simplified to f = 

d 4 

N —(w[2) 
where g is the death rate for the interval, d the number of 
deaths during the interval, w the number withdrawn alive 
during the interval and N the number alive and under observa- 
tion at the beginning of the interval. The complement p = 1 -g 
is the estimated chance of surviving the interval, provided 
that the patients have already survived the previous intervals. 
The accumulative survival rate is obtained by successively 
multiplying the probability of surviving each interval. The 
standard error at each interval was calculated and allowed 
statistical comparison of different groups at each interval. 
‘Significance’ refers to statistical significance at the 1 per cent 
level. 


Results 


Qverall survival 
The accumulative survival rate for all patients and of 
65-year-old subjects in the community (Australian 


q= 


Survival after surgical treatment of severe ischaemia 


461 
Table H: NATURE OF OPERATIONS PERFORMED 
No. of patients 


Arterial reconstruction 213 
Primary 206 (50%) 
After failed sympathectomy 67 
Sympathectomy 193 
Primary 178 (4574) 
After failed reconstruction 17 
Amputation 128 
Primary 27 (over 5%) 
After failed reconstruction or 101 (2525) 
sympathectomy 





Table HI: NATURE OF ARTERIAL 









RECONSTRUCTIONS 
No. of patients 

Aortofemoral reconstruction 122 
Dacron bypass grafts 61 
Aorto-iliac endarterectomy 36 
Profundaplasty 25 

Femoropopliteal reconstruction 152 
Femoropopliteal vein graft 125 
Femorotibial vein graft 20 
Dacron bypass 6 
Homograft bypass 1 

2? 100 

Z TOTAL PATIENTS 

= p 

< 80 YY LOST 

i 

O 

e 60 

m 

2 

z 40 





e 


WY 
Gita! fl 


rw ll ar re ee are 
LENGTH OF FOLLOW-UP 


Fig. 2. The length of follow-up and number of patients lost to 
follow-up for the various intervals of study. 





Life Tables, 1965-1967) is shown in Fig. 3. The two 
groups are not strictly comparable but the difference 
approximately represents mortality from the disease 
and its treatment. Mortality was greatest through the 
first year after operation. The patient's survival rate 
was 80 per cent at 1 year, 50 per cent at 5 years and 
35 per cent at 10 years after operation. In comparison, 
the life expectancy of an average 65-year-old 
Australian is 80 per cent at 5 years and 60 per cent at 
10 years. 


Influence of age, sex and general disease 
The accumulative survival rates for three arbitrary age 
groups of 59 years or less, 60-69 years and 70 years 
or more is shown in Fig. 4. There was a significant 
difference between the younger and the older age 
groups at all intervals; the older the patient, the 
worse was the life prognosis. For example, the survival 
rates in the three age groups at 2 years were 85, 75 and 
50 per cent, respectively. 

The results for males and females were not signi- 
ficantly different at any interval, in contrast to the 
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Fig. 3. Accumulative survival rates for patients with 
severely ischaemic legs and for 65-year-old subjects in the 
Australian census, 1965-1967, 
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Fig. 4. Accumulative survival rates according to the 
patients' ages. 
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Fig. 5. Accumulative survival rates according to sex of 
patients and males and females in the Australian census, 
1965-1967. 


appreciable difference that exists in the general com- 
munity (Fig. 5). 

The survival rate for patients with a history of 
clinical myocardial ischaemia was significantly worse 
than that for those who had no such history, from 
2 years onwards. The survival rates at 2 years were 55 
and 70 per cent, respectively (Fig. 6). 

A significant difference between diabetics and non- 
diabetics was only noted from 4 years onwards. At 2 










NON - DIABETIC 


(N= 319 ) 


DIABETIC 


(n= 92) 


40 


PERCENT ALIVE 


20 


30, o Yo yr 2 yr 3 yr 4 yr 5 yr 
TIME AFTER OPERATION 


Fig. 6. Accumulative survival rates according to the 
presence or absence of clinical features of severe 
myocardial ischaemia. 
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Fig. 7. Accumulative survival rates according to the presence 
or absence of diabetes. 
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Fig. 8. Accumulative survival rates according to the presenting 
symptom. 


years the survival rate was 60 per cent in diabetics and 
70 per cent in non-diabetics (Fig. 7). 


Relation to clinical features 

The results were significantly worse at all intervals 
for patients with extensive gangrene, but there was no 
significant difference at any interval between patients 
with rest pain and those with limited gangrene. At 
2 years the survival rate was 75 per cent in patients 
with ischaemic ulceration; 70 per cent in those with 
rest pain, 60 per cent in those with limited gangrene 
and 55 per cent in those with extensive gangrene 
(Fig. 8). 









~ Relation to type of operation 


i LL The survival rates of patients treated by arterial 
reconstruction, by sympathectomy alone or by 


amputation cannot be compared by statistical analysis 
for some patients fell into two of the groups, while 
both the sympathectomy and the amputation groups 
were loaded with some poor risk patients with 
extensive disease. The postoperative mortality rates 
within 30 days of operation were 5 per cent for arterial 
reconstructions or for sympathectomy alone (Table 
— AV) and 15 per cent for major amputation. The 

 2-year survival rates were 70 per cent for arterial 
. reconstruction, 60 per cent for sympathectomy alone 


zi: and 55 per cent for major amputation (Fig. 9). 


There was no significant difference at any interval 
* between patients treated by aortofemoral reconstruc- 
_ tion as compared with those treated by femoro- 
popliteal or femorotibial bypass (Fig. 10). Nor was 
there a significant difference at any interval between 
endarterectomy procedures and Dacron grafts in 
patients treated by proximal reconstruction (Fig. 11). 


Discussion 

The survival rate in these patients was appreciably 
worse than for a comparable group in the general 
community. Bloor (1961) found similar results for 
patients with intermittent claudication, and com- 
mented that 'as a rough approximation, arterio- 
sclerotics can be thought of as being 10 years older 
than they should be'. Each surgeon must assess 
whether the early risks of surgery and the late risks 
of death from general causes, particularly myocardial 
infarction, warrant ‘salvage surgery’. Pessimists hold 
that a death rate of 20 per cent at 1 year and 50 per 
cent at 5 years is prohibitive. Optimists hold that the 
majority of patients survive at least 5 years, a period 
of respite which is sufficient to warrant 'salvage 
surgery’. 

Patients often have a more aggressive attitude to 
treatment than their doctors. They suffer severe pain 
and demand relief, and naturally view the prospect of 
major amputation as a disaster. They wonder, with 
some justification, whether the same fate will befall 
the other leg. Paradoxically, the older the patient the 
greater is the fear of amputation—it is viewed as the 
first stage of a ‘creeping death’. The prognosis for 
the vascular amputee is discouraging; the subsequent 
death rate is high, amputation of the second leg may 
be required and most survivors do not learn to 
manage a prosthesis satisfactorily (Little, 1975). In 
the present study 45 per cent of amputees died within 
2 years. 

The. death rate following arterial reconstruction in 
this series is lower than that reported by De Weese 
and Rob (1971), presumably due to a subsequent 
world-wide improvement in the treatment of associ- 
ated general disease, operative techniques and post- 
operative care. Even so, there is undoubtedly scope 
for further improvement. 

It would be easy to overemphasize the observation 
that the lowest death rate was in patients treated by 
arterial reconstruction. Some patients were selected 
for sympathectomy because of advanced age, poor 
general health or extensive local disease, which 


—... would mitigate against long term survival. Patients 
- who came to amputation had frequently already had 


one or two major operations—and the risk to the 
patient probably increases with each procedure— 
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Fig. 9. Accumulative survival rates of patients treated by 
arterial reconstruction, lumbar sympathectomy or amputation. 







100 
tid 
2 80 
cod 
< 
| 
zZ 60 
ii 
G 
a 
i 
& 46 
AORTOFEMORAL 
RECONSTRUCTION (N = 122) 
20 i 


FEMOROPOPLITEAL (TIBIALI 
BYPASS (N= 152) 


399. X» Sy ty 2yr 
TIME AFTER OPERATION 


Fig. 10. Accumulative survival rates of patients treated by 
aortofemoral reconstruction, or femoropopliteal or 
femorotibial bypass. 
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of proximal arterial reconstruction performed. 

Table IV: CAUSES OF DEATH AFTER ARTERIAL 

RECONSTRUCTION AND SYMPATHECTOMY 

No. of patients 


Reconstruction Sympathectomy 

(total 273 (total 195 

patients) patients) 
Myocardial infarction 5 6 
Cerebrovascular accident 1 1 
Respiratory failure 2 l 
Pulmonary embolism 2 0 
Haematemesis l 0 
Haemorrhage from 0 1 


operation site 
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while they are usually the patients with the most 
extensive disease. However, it was encouraging that 
survival rates were at least no worse in patients 
treated by arterial reconstruction, indicating the 
feasibility and relative success of these major opera- 
tions in patients who are suitable for them. 

The results were significantly worse in older 
patients and in those with extensive disease, though 
the differences were not great. Perhaps development 
of disease in the legs at a relatively young age predicts 
a more devastating progress of generalized atheroma 
in the future (Bouhoutsos and Martin, 1973). Age 
alone should not deter the surgeon from an aggressive 
approach. The presence of severe myocardial 
ischaemia or diabetes did not influence survival 
rates in the first 2 years and should not be a contra- 
indication to aggressive surgery. Irvine et al. (1972) 
came to similar conclusions for patients having 
aorto-iliac reconstruction. 

The technique of reconstruction did not influence 
the early or late survival rate. In particular, the out- 
come was just as good following major aortic surgery. 
Each of the techniques used had acceptable results 
and can be recommended in selected patients depen- 
ding on the arteriographic findings. 


References 

Australian Life Tables (965-1967) Canberra, Australia, 
Commonwealth Bureau of Census and Statistics. 

BLOOR K. (1961) Natural history of arteriosclerosis of the lower 
extremities. Ann. R. Coll. Surg. Engl. 28, 36-52. 

BOUHOUTSOS J. and MARTIN P. (1973) Influence of age on 
prognosis after arterial surgery for atherosclerosis of the 
lower limb. Surgery 74, 637-640, 





BURGESS E. M. (1971) Below-knee amputations with immediate- 
fit prostheses. In: DALE W. A. (ed.) Management of Arterial 
Occlusive Disease. Chicago, Year Book, pp. 449-460. 

COLTON T. (1974) Statistics in Medicine. Boston, Little, Brown, 
pp. 237-250. 

DARLING R. C. and LINTON R. R. (1972) Durability of femoro- 
popliteal reconstructions. Endarterectomy versus vein 
bypass grafts. Am. J. Surg. 123, 472-479. 

FULTON R. L. and BLAKELEY W. R. (1968) Lumbar sympathec- 
tomy: a procedure of questionable value in the treatment 
of arteriosclerosis obliterans of the legs. Am. J. Surg. 116, 
735—744. | 

HUMPHRIES A. W. (1971) The relation of the natural history of 
arteriosclerosis to surgical management. In: DALE W. A. 
(ed.) Management of Arterial Occlusive Disease. Chicago, 
Year Book, pp. 67-78. 

IRVINE W. T., BOOTH R. A. D. and MYERS K. (1972) Arterial 
surgery for aorto-iliac occlusive vascular disease. Early 
and late results in 238 patients. Lancet 1, 739—741. 

KIM G. E., IBRAHIM i. M. and IMPARATO A. M (1976) Lumbar 
sympathectomy in end stage arterial occlusive disease. 
Ann. Surg. 183, 157—160. 

LITTLE J. M. (1975) Major Amputations for Vascular Disease. 
Edinburgh, Churchill Livingstone. 

MYERS K. A. and IRVINE w. T. (1966) An objective study of 
lumbar sympathectomy. H. Skin ischaemia. Br. Med. J. 1, 
943-947. : 

STONEY R. J., JAMES D. R. and wy Lie E. J. (1971) Surgery for 
femoropopliteal atherosclerosis. A reappraisal. Arch. Surg. 
103, 548-553. 

TAYLOR G. W. (1971) Limb salvage arterial surgery for gangrene. 
Postgrad. Med. J. 47, 251—256. 

DE WEESE J. A. and ROB C. G. (1971) Autogenous venous bypass 
grafts five years later. Ann. Surg. 174, 346-356. 


Paper accepted 19.1.1978, 


parenteral 


Dalacin C Phosphate _ p 


highly effective 
in all these conditions. ACA 
Ý | we : 


generally caused — generally caused 
by anaerobes 


by aerobes 
pneumonia peritonitis* 
septicaemia* subphrenic abscess 
decubitus ulcers pelvic abscess P d 
cellulitis intra-abdominal abscess* =< 
post abortal abscess* 


furunculosis 
‘wound abscess* ischiorectal abscess* 



























"mixed bacterial pathogens 
are commonly encountered 
—À 








Availability 
Dalacin C Phosphate = 
Sterile Solution, = 

150 mg per ml clindamycin = 

(as phosphate) = 





in 2 ml and 4 ml ampoules. 


Full prescribing information 
is available on request. 


v^. 





= 
— 





JI 


umm 
| 


VI gg ba 


| 









mil 


“ie 


wi 






myn yen 


MI 





Distributor for the 


Republic of Ireland: 
Cahill May Roberts Limited 


P.O. Box 601 
Chapelizod, Dublin 20 


PRODUCT OF 








775 REGISIEREO TRADEMARK: DALACIN UK 9192.1 


UPJOHN LIMITED 
CRAWLEY « WEST SUSSEX 






ANTIBIOTIC 
RESEARCH 


E -— 





Br. J. Surg. Vol. 65: July 1978 


37 


my Mn, 


“Ulf 


y 


«V 








Ul 
Moya yyy yn 


WU 


Uf, 
Ay 


MZ» / 
/ 






xili 








uilding a new 
operating theatre ? 


With the experience gained from the installation of 
over 100 operating theatres, the MEDIC system provides 
the ideal solution to new operating theatre construction or 

creating the latest facilities in older buildings. 
This applies both to the smail clinic or the most 


complex multi theatre department. 
STERILE AIR SUPPLY OCTAGONAL SHAPE 


AND INTEGRATED AIR R IDEAL FLEXIBLE 
MOVEMENT SYSTEM for LAYOUT - eight access 
rapid removal of air-borne sides instead of four. 
bacteria and comfortable 












tee 







nr, 


nod 






"n 
Mate uy 







*. 


t 









none 
n 

nou 

veer 










operating environment. LEAR, 

UNOBSTRUCTED 
INDIRECT OVERALL os FLOOR AREA. 
LIGHTING giving 


TOUGH, SMOOTH, 
INTENANCE FREE 
LL FINISH for easy, 

fast cleaning. 


shadowless, glare-free 
general illumination. 


FULL RANGE OF 























SPECIALLY ; 
DESIGNED WALL — ji Seen TWIN WALL 
MOUNTED a CONSTRUCTION 






QUIPMENT - easil 
erviced without 
entering the operatin 


provides good acoustic 
and thermal insulation. 


rit, 
et 













DO 
MU 
GM 


OCC ee aia AS ^ 


NOLO ARCEM 


y 


a NN EAA AAAA 


DON 




































theatre. HE : MODULAR 
E DE : PRE-ENGINEERED 
CUSTOM BUILT - a Ses CONSTRUCTION 














SD 
MOOD ately 





ideal conditions for 
surgeon and patient, 
with the optimum 
layout designed for 
each hospital. 


= ensures quick, clean, 
and dry on-site erection 
E Um if of the self-supporting 

SES structure, with savings 
in installation costs. 


day 

ay 
x 
a 


* 
in 
a^ 
x 





r 
+ 
5 
v 









PA 
xs 
Tuta 
v 











tele ne NC 


+ 
fett. 
+ 





‘a! 


M 
5 


|: 
f 
E 


Write or telephone for the 
MEDIC brochure which 


describes this modern, fully 
proven system. 
MEDIC 
LV edic 


Medical Installations Company Limited, 
est Street, Erith, Kent DA8 1AA, England. 
elephone: Erith 37116. Telex 896027 








Brit. J. Surg. Vol. 65: July 1978 


Br. J. Surg. Vol. 65 (1978) 465-466 


Saphenous neuralgia: a complication of arterial surgery 


N. A. G. JONES* 


SUMMARY 

The saphenous nerve may be damaged during arterial 
surgery in the thigh as it emerges through the apo- 
neurotic covering of the adductor canal. A clean cut of 
the nerve gives rise to anaesthesia, but an incomplete 
cut or tearing of the nerve, followed by its involvement 
in scar tissue, leads to saphenous neuralgia—a painful 
sensation in the area supplied by the nerve. 

Two hundred and fifty-seven arterial operations 
involving the course of the saphenous nerve in the thigh 
have been reviewed. Twenty-six of these operations were 
complicated by early failure of the arterial procedure 
necessitating amputation and have not been considered 
in assessing the incidence of damage to the nerve. One 
in five superficial femoral thromboendarterectomies 
and one in nine femoropopliteal bypass grafts were 
complicated by saphenous neuralgia, Profundaplasty 
was not followed by this complication. 

Appreciation of this troublesome symptom should 
lead to greater care of the nerve during surgery. 


THE saphenous nerve is the largest cutaneous branch 
of the femoral nerve. It descends on the lateral side of 
the femoral artery and the origin of the profunda 
femoris artery. The nerve passes behind the lateral 
femoral circumflex artery and enters the adductor 
canal where it crosses in front of the superficial 
femoral artery from its lateral to medial side. At the 
lower end of the adductor canal it emerges through 
the aponeurotic covering of the canal. After leaving 
the adductor canal it gives off an infrapatellar branch 
which is distributed to the skin in front of the patella. 
The nerve descends vertically along the medial side of 
the knee behind the sartorius, pierces the fascia lata 
and becomes subcutaneous. It then passes down the 
medial side of the leg accompanied by the long 
saphenous vein, and at the lower third of the leg 
divides into two branches supplying the skin of the 
medial side of the ankle and foot (Gray’s Anatomy, 
1973). In five cadaver dissections this pattern of 
anatomy was confirmed by the author. 

Operations on the superficial femoral artery may 
be complicated by damage to the saphenous nerve as 
it emerges through the aponeurotic covering of the 
adductor canal. The saphenous nerve may be cut or 
torn when the aponeurosis is divided during mobiliza- 
tion of the superficial femoral artery. 

Division of a sensory nerve, such as the saphenous 
nerve, causes complete loss of cutaneous sensibility 
only over the area exclusively supplied by the nerve, 
the autonomous zone. This is surrounded by an inter- 
mediate zone which is the area of the nerve's territory 
which is overlapped by the supply of adjacent nerves. 
The autonomous and intermediate zones together 
constitute the full extent of the nerve's distribution 
and tne maximal zone to which pain and dysaesthesiae 
may be referred when the nerve is the site of an 
irritative lesion (Brain, 1969). 


Patients and methods 
Two hundred and fifty-seven arterial operations on the lower 
limb carried out at the Leeds General Infirmary between May 


1957 and January 1976 have been reviewed (Table I). Femoro- 
popliteal bypass grafting was performed in the dorsal position 
and the graft was placed from the common femoral artery to 
the popliteal artery. Sixty-seven long grafts to the post-tibial 
popliteal artery and 58 short grafts to the post-femoral 
popliteal artery were carried out. 

For short blocks at the femoropopliteal junction, open 
thromboendarterectomy through a single arteriotomy was 
performed. Less often, longer occlusions were operated on 
using a Vollmar loop stripper through at least two arteriotomies. 

Profundaplasty was chosen in patients with long femoro- 
popliteal occlusions and poor distal run off, usually as a means 
to salvage a severely ischaemic limb (Modgill et al., 1977). 


Table I: REVIEW OF 257 ARTERIAL OPERATIONS 
OF THE LOWER LIMB 


Early No, 
Total failure studied 
Femoropopliteal bypass graft 
Total 140 15 125 
Using vein 92 8 84 
Using prosthetic material 48 7 41 
Femoral thromboendarterectomy 71 2 69 
Profundaplasty 46 9 37 
a REN A LS 
Results 


Thirty-seven patients underwent profundaplasty with 
a follow-up of longer than 6 months between August 
1971 and January 1976. Only one of these patients had 
damage to the saphenous nerve causing numbness but 
no pain. This was recorded 2 months after operation, 
and as the patient died 5 months later, from a myo- 
cardial infarct, no comment can be made as to 
whether it would have been persistent. These were 
standard profundaplasties and in no case was an 
extended deep femoral angioplasty performed. 

Long standing damage (persisting at least 12 
months after operation) to the saphenous nerve 
occurred in 18 of 125 femoropopliteal bypass opera- 
tions. Pain in the cutaneous distribution of the nerve 
was present in 14 cases with numbness alone in 4 
cases (Table 11). 

Femoral thromboendarterectomy was carried out 
in 69 patients of whom 14 complained of saphenous 
neuralgia causing pain following operation. Two 
patients in this group experienced numbness alone 
(Table III). The minimum duration of symptoms was 
14 months. 

These patients volunteered that the pain was a 
significant disability, though not as serious as their 
previous claudication. One man interviewed 8 years 
after his successful right reversed saphenous vein 
graft remarked that the pain was a persistent nuisance 
though quite unlike his previous claudication. 

The patients mentioned two elements of the pain of 
saphenous neuralgia; there was a deep continuous 
ache in the distribution of the saphenous nerve, but 
also there was 'hyperpathia'C—a disagreeable sensa- 
tion experienced when the gentlest stimulus is applied 
to the area. 





* St Peter's District General Hospital, Guildford Road, 
Chertsey, Surrey. 
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Table H: THE INCIDENCE OF SAPHENOUS NERVE 
DAMAGE AFTER FEMOROPOPLITEAL BYPASS 
GRAFT 


Numbness 
No. Pain only 
Total grafts 125 14 (11275) 4(3-2% 
Long 67 7 2 
Short 58 7 2 
Males 106 12 4 
Females 9 2 0 


Table IH: THE INCIDENCE OF SAPHENOUS NERVE 
DAMAGE AFTER FEMORAL 
THROMBOENDARTERECTOMY 


Numbness 
No. Pain only 
Total operations 69 14 (20:31) 2 0:972) 
Males 64 i4 2 
Females 5 0 0 
Open endarterectomy 48 12 2 
Closed endarterectomy 21 2 0 





Discussion 

In both femoral thromboendarterectomies and femoro- 
popliteal bypass grafting, when the superficial femoral 
artery is mobilized at the adductor opening and upper 
popliteal region, the aponeurotic roof of Hunter's 
canal must be divided. Care must be taken not to 
damage the saphenous nerve at the point where it 
emerges through the aponeurosis. Complete division 
will lead to anaesthesia in the distribution of the nerve. 
However, if the nerve is incompletely cut or is treated 
roughly, a neuroma may form. The nerve is then 
incorporated in an area of fibrous tissue, and pain often 
follows. The more extensive dissection required for 
open thromboendarterectomy is associated with a 
greater incidence of damage to the nerve than in 
femoropopliteal bypass grafting. One in nine patients 


undergoing femoropopliteal bypass grafting and one 
in five of those undergoing femoral thrombo- 
endarterectomy experienced saphenous neuralgia 
following operation. 

We have not attempted to treat the lesion surgically 
lest the arterial reconstruction be damaged. Experience 
with other peripheral cutaneous nerves is that proximal 
resection of the nerve is accompanied by indifferent 
results and that the pain not only returns but may be 
worse (Seddon, 1972). Infiltration of local anaesthetic 
is of no lasting value and may be painful. 

If the nerve is damaged during the operation we 
suggest that a clean cut with a scalpel should be made 
more proximally so that the nerve does not develop 
a neuroma in continuity or otherwise become involved 
in fibrous tissue. 

The frequent occurrence of this painful complica- 
tion should lead to greater efforts to preserve the 
saphenous nerve and to minimize trauma to it during 
arterial surgery which involves dissection. of the 
aponeurosis over the adductor canal. 
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Revascularization of an arm for incipient gangrene 


after Blalock-Taussig anastomosis 
A. J. MEARNS, P. B. DEVERALL AND R. C. KESTER* 


SUMMARY 

A case is reported of incipient gangrene of the right arm 
developing after a Blalock-Taussig | (subclavian- 
pulmonary) shunt operation in an infant. The ischaemia 
was reversed by immediate common carotid-axillary 
artery—vein bypass, using a microvascular technique. 


SUBCLAVIAN~PULMONARY artery anastomosis was first 
described by Blalock and Taussig in 1945, and by 
1948 Blalock was able to review 600 patients so 
treated. Webb and Burford (1952) described gangrene 
of the left arm subsequent to a left-sided shunt, which 
resulted in a below-elbow amputation. The patient 
survived. Webb and Burford traced two other reports 
of gangrene of the arm, both after left-sided shunts— 
Lam (1949) whose patient died, and D'Allaines 
(1950), whose patient developed gangrene of the 
whole arm. 

Carotid-axillary bypass grafting is an established 
surgical procedure, using a graft which is passed sub- 
cutaneously (Shumacker, 1973). We were presented 
with incipient gangrene of the arm in a young child 
after a right Blalock-Taussig shunt and were able to 
revascularize the right arm by a common carotid- 
axillary bypass using a vein graft. 


Case report 

A full term, normal delivery infant girl was mildly cyanotic at 
3 months. A systolic murmur at the left sternal edge had been 
detected soon after birth. She was referred at the age of 7 
months because of increasing cyanosis. Cardiac catheterization 
confirmed the clinical diagnosis of tetralogy of Fallot. A 
significant stenosis of the left pulmonary artery was noted. The 
systemic oxygen saturation was 64 per cent. At 13 months a 
right Blalock-Taussig shunt was performed using a standard 
surgical technique. 

The right subclavian artery was mobilized by ligating and 
dividing the vertebral, internal mammary, thyrocervical and 
costocervical branches. An end-to-side anastomosis of the 
subclavian artery to the pulmonary artery was completed using 
6/0 interrupted polypropylene (Prolene) sutures. A good thrill 
was present in the pulmonary artery. The wound was closed 
with a chest drain. The right arm was cool immediately after 
operation but not sufficiently so to give cause for alarm. Nine 
hours later the arm had become colder and was blotchy, the 
nail beds were bloodless and flexor spasm was apparent. A 
Doppler ultrasound probe detected no flow in the axillary, 
brachial and radial arteries. We decided to explore the arterial 
system of the arm, hoping to revascularize it if possible. The 
right brachial artery was explored above the elbow and was 
found to be empty of blood. Exploration of the axillary artery 
via an infraclavicular incision confirmed that it too was 
empty. A horizontal incision in the neck exposed the common 
carotid artery beneath the lower third of the sternomastoid. An 
8-cm segment of saphenous vein was removed from the upper 
part of the left thigh. The vein graft was reversed, passed 
beneath the clavicle and anastomosed end-to-side to the 
common carotid artery and axillary artery (Fig. 1), using 
interrupted 7/0 Prolene sutures. Because the diameter of both 
the saphenous vein graft and the axillary artery was about 
2:0-2-5 mm, and that of the common carotid artery was about 
3:5 mm, the anastomoses were made under magnification using 
microvascular techniques. Good flow was obtained through 
the graft immediately, and was demonstrable in the brachial 


artery which was still exposed from the initial exploration. 
One hour postoperatively the shunt murmur was present and 
flow in the right brachial and radial arteries was confirmed with 
a Doppler probe. Subsequently the superficial skin on the 
dorsum of the hand ulcerated and then healed over 4 weeks. 
The flexor spasm disappeared immediately after vein grafting, 
but the arm remained flaccid. Seven months after revascu- 
larization the vein graft was thrombosed, but the blood supply 
to the arm and hand was good. The nerve supply to the arm 
and hand was improving. There was good elbow movement 
and the long flexors of the fingers were functioning. 
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Fig. 1. Scheme of blood flow after a Blalock-Taussig shunt 
and carotid-axillary bypass graft. 


Discussion 
Gangrene of the arm is a rare complication of a 
pulmonary-systemic shunt. The first 3 cases reported 
were left-sided. Lam (1949) reported a case of gangrene 
of the left arm, when assessing the incision for 
pulmonary-systemic shunts. He suggested that the 
posterolateral incision was responsible for the 
gangrene and recommended a more anterior thora- 
cotomy. However, the patient described by D'Allaines 
(1950) had received a left anterolateral thoracotomy, 
which is at variance with Lam’s suggestion. Webb and 
Burford (1952) reviewed the anatomical aspects of the 
collateral circulation after the Blalock-Taussig shunt 
(Fig. 2) and concluded that the site of incision is not - 
significant. It is not uncommon, therefore, for the 
radial pulse to be weak long after a Blalock-Taussig 
shunt. Indeed, collaterals can develop to the extent 
of causing rib notching as seen on a chest radiograph. 
Central cyanosis from congenital heart disease is 
associated with a raised haematocrit. Although the 
viscosity of blood is related to the haematocrit, this 
relationship is non-linear. As the haematocrit rises 
above 45 per cent, the viscosity increases more rapidly 
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Fig. 2. Schematic diagram of collateral circulation around 
the shoulder. (From Webb and Burford, 1952.) 


(Pirofsky, 1953). Blood is a non-Newtonian fluid and 
the viscosity varies inversely with the velocity of flow. 
When the subclavian artery is interrupted, the flow 
through the anastomotic channels is slower than that 
through the patent major vessel. Our patient was 
polycythaemic, with a preoperative haemoglobin of 
19 g/dl and a packed cell volume of 0-61, which 
probably mitigated against immediate adequate 
collateral blood flow. After a Blalock-Taussig shunt 
the arm is usually cold and pulseless initially, improv- 
ing over 2 or 3 days. We were not disturbed by the 
initial findings, but when the arm became very cold 
and discoloured, together with the development of 
flexor spasm, it seemed that irreversible changes were 
imminent and revascularization was considered 
necessary. During this latter procedure a plasma- 
exchange transfusion resulted in a haemoglobin level 
of 11-5g/di (mean Hb for age: 11:2 g/dl). Our 
experience of the Blalock-Taussig shunt is now 75 


cases under 2 years of age, 21 of whom were less than 
1 year of age. Ischaemia of the arm has not been 
observed in any other case. | 

Adequate cardiac output and maintenance of blood 
pressure are important in the early postoperative 
period after pulmonary-systemic anastomosis to 
maintain the patency of the shunt. A fall in blood 
pressure and cardiac output is a recognized sign of 
early shunt failure. This shunt functioned well. The 
graft failed after 7 months, as shown by arch aorto- 
graphy, yet the arm developed an adequate collateral 
blood supply. The flaccid paralysis was no doubt 
caused by ischaemic nerve damage; since arm function 
is recovering, in this age group one may expect further 
recovery in the next 2 years. There is no evidence of 
subsequent fibrotic muscular contracture. 

Skrovanek et al. (1975) investigated muscle blood 
flow and arm development after Blalock-Taussig 
anastomosis and demonstrated significant differences 
in muscle blood flow and anthropometric values. 
Peak blood flow values in some patients in the first 
year after anastomosis were as low as the values 
reported in obstructive arterial disease. However, 
these authors did demonstrate that these differences 
were attenuated in time. 


Conclusion 

Gangrene of the arm is a rare complication of sub- 
clavian-pulmonary artery anastomosis. The fact that 
ischaemia is reversible with reconstructive arterial 
surgery should always be remembered. Flexor spasm 
is an early sign that the initial collateral circulation is 
inadequate and incipient gangrene must be suspected. 
It is probably prudent to reduce the haematocrit to 
normal while performing the shunt procedure as 
hyperviscosity may impair the opening up of the 
collateral circulation in the early postoperative period. 
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The reduction of bacteria in the operation room 


through the use of non-woven clothing 
W. WHYTE, R. HODGSON, P. V. BAILEY AND J. GRAHAM* 


SUMMARY ' 

Operation room clothing manufactured from disposable 
non-woven fabric (Barrier '450' fabric supplied by 
Johnson & Johnson Lid) was assessed in a dispersal 
chamber and in plenum-ventilated operation rooms. It 
proved to be very comfortable to wear and was shown to 
be equally effective bacteriologically as the closely 
woven and uncomfortably hot Ventile material. As the 
majority of bacteria are known to be generated from 
below the waist, and hence not contained by an operation 
room gown, trousers were used as well as gowns. 
Dispersal chamber experiments suggested that when all 
staff wore non-woven trousers and the scrubbed staff 
wore gowns as well, a 55 per cent reduction would be 
achieved in the number of bacterial particles in the air 
of an operation room. In practice, 60 per cent reduction 
was achieved in one operation room and 43 per cent in 
another. 

The number of bacteria which could easily be removed 
from the surface of the gowns was surprisingly few. 
However, use of non-woven, as compared 1o cotton, 
clothing reduced these surface bacteria by 50—60 per 
cent. These bacteria would not be as easily dispersed into 
the air from the surface of non-woven gowns, as it was 
demonstrated that non-woven gowns, as well as gowns 
manufactured from certain artificial fibres, shed 
substantially fewer fibres. 


Tut vast majority of bacteria to be found in a modern 
plenum-ventilated operation room come from the 
people in that room. Bacteria derived from the staff 
can, by a variety of routes, find their way into an 
open wound and may cause sepsis. Conventional 
operation room clothing manufactured from cotton 
does little to prevent bacteria passing through into the 
air and hence into the wound. 

Previous experiments carried out in our unit (Whyte 
et al., 1976b) demonstrated that the average dispersal 
rate of airborne bacteria from people in operation 
room clothing, ie. trousers and shirt, would be 
reduced from 1338 to 893/min (a one-third reduction) 
when a cotton gown was worn. This poor reduction 
is not surprising as the holes between the weave and 
warp of the cotton fabric are between 50 and 100 um 
in diameter and yet it has been shown by Noble et al. 
(1963) that bacterial particles are of an average size 
of 125m. Attempts to contain the dispersion of 
bacteria have been directed both at diluting the 
bacteria passing through the gown, e.g. laminar or 
unidirectional flow systems and the design of more 
efficient clothing, or a combination of the two 
(Charnley, 1973; Whyte, 1976a). 

Our experiments (Whyte et al., 1976b) also showed 
the efficacy of gowns made from newer types of 
material in preventing the airborne passage of 
bacteria, and their especial usefulness in unidirectional 
flow systems. Various disposable materials were 
shown to be around 70 per cent more efficient than 
ordinary cotton material in preventing the airborne 
passage of bacteria. However, this potential reduction 


of airborne bacteria at the wound site was achieved with 
gowns only in a downflow laminar flow system. As 
the unidirectional flow of air was downwards and 
away from the wound the bacteria disseminated from 
under the gown were not able to reach the wound site 
against the direction of air. Asit was also demonstrated 
that the greatest number of bacteria are produced 
from below the waist, a gown made from impervious 
material would be of very limited value in preventing 
the dispersal of bacteria into the air in a normal 
turbulently ventilated operation room. Bacteria 
disseminated from under the gown would mix with 
the random air currents and could be deposited into 
the wound. However, experiments with semi- 
impervious trousers confirmed the previous work of 
Blowers and McCluskey (1965), showing these 
trousers to be of much greater value than gowns in 
reducing the number of bacteria given off into the air. 

Apart from bacterial particles which pass through 
surgical clothing into the operation room air, another 
possible source of infection is the bacteria on the 
surface of a gown. These bacteria may come from (a) 
contamination arising from the operation site, this 
being determined by whether the operation was 
‘clean’ or ‘dirty’, (b) skin particles carrying bacteria 
being pumped through the gown fabric but retained 
on the outer layer of fibres, (c) the bacterial particles 
being filtered off by the outer layer of the clothing 
when air is sucked back through the gown, (4) 
particles being rubbed through the gown and (e) 
bacterial particles ‘wicking’ through the clothing 
when it is damp. The bacteria which pass out on to the 
outer surface of the gown by these routes may then 
pass into the wound by either the contact or airborne 
route of spread. 

Little is known about the relative importance of the 
above-mentioned routes, but it would seem an 
advantage if the number of bacteria on the surface of 
the gown could be minimized. It would also be an 
advantage if the amount of lint shed from the gown 
was reduced, as this would mean fewer bacteria-laden 
fibres coming off the surface of the gown into the 
operation room environment. 

The only commercially available impervious 
material that was previously available as gowns and 
trousers was Ventile. Although this closely woven 
material has been shown to be very effective when 
used as a complete set of clothes, it is popularly 
considered to be too uncomfortable for use, as the 
close weaving and weight makes the clothes very 
warm. However, its use has been advocated for under- 
pants (Hill et al., 1974) or in important areas, Le. 
sleeves, bib etc., of commercially available clothing 
(Belkins, 1966). 

New disposable clothing was made available 
both as gowns and trousers. It was the aim eft 
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study to measure the effectiveness of this clothing. 
The study was carried out first in the laboratory in a 
dispersal chamber by assessing the materials! effec- 
tiveness in reducing bacterial dispersion and surface 
linting. Tests were then carried out in the operation 
room, comparing the new clothing with the normal 
cotton type by sampling bacteria in the operation 
room air and on the surface of the clothing. 


Materials and methods 

Five clothing materials were studied: cotton, '450' fabric, 
Ventile, Tyvek and ceramic polyester. All five fabrics were used 
in the laboratory tests to ascertain the amount of linting. 
Cotton, ‘450° fabric and Ventile were used in the bacterial- 
dispersal chamber tests but only cotton and ‘450° fabric were 
compared in the operation room. 

Cotton trousers were made from cotton of a weight 197 g/mv, 
woven with 70 x 18 threads/cm. These are similar to operation 
room garments found in most British hospitals. Photomicro- 
graphs of a field of the gown material are shown in Fig. 1. 
Fig. La shows the material when reflected light only is used and 
Fig. 1b shows the same field when reflected and transmitted 
light is used. Comparison of the two photomicrographs shows 
the large pores through which the bacterial particles may easily 
pass. 

The Ventile material was Ventile L24, one of the range of 
Ventile materials, which are of a tightly woven cotton. Fig. 2 
shows the much closer weave, and in the particular field 
photographed there were no visible pores. 

The ‘480° fabric is a non-woven fabric which was supplied by 
Johnson & Johnson Ltd. It appeared to the eye as a thin matt 
of randomly placed rayon fibres with a large pore size and low 
resistance to air. Photomicrographs of this material are shown 
in Fig. 3. 

Tyvek is a spun-bonded olefin material distributed in this 
country by C. R. Baird International Ltd. The ceramic polyester 
is a calendered polyester, weight 110 g/m* and woven 57 x 28 
threads/cm?. 


Dispersal of bacteria in a chamber 
The dispersal chamber used is shown in Fig. 4. This is identical 
to that used and described previously (Whyte et al., 1976b). 

Through a high efficiency filter (A) in the top of the box, 
24 l/s of bacteria- and dust-free air were supplied, 11:7 l/s of 
air were extracted by each bacterial sampler, just above the 
shelf and floor. The air supply allowed for a very slight out- 
ward flow of air through the exhaust ports (G) to ensure that 
there was no outside contamination. In order to prevent 
resuspension of bacterial particles, which could have been 
deposited on the floor, a plastic mat (F), soaked in disinfectant, 
was used. 

Six volunteers were studied, 3 males and 3 females. The 
subjects stripped to their underwear and donned a cotton 
shirt, disposable hood, mask, surgical gloves and overshoes. 
These items were standard throughout the tests but three sets 
of clothing were worn and studied in turn. The clothing sets 
sampled were: (a) cotton trousers and surgical gown; (5) 
Ventile trousers and ‘450° disposable gown; (c) “450° disposable 
trousers and gowns. 

The volunteers exercised to the beat of a metronome (B) 
(1 beat/s). The exercise consisted of marking time on the spot 
by touching the bridge of the foot on the underside of the 
exercise bar (£) and at the same time crossing the arms to 
touch the shoulders with the hands and then dropping the 
hands to the corners of the shelf ( D). 

The airborne bacteria produced by volunteers were sampled 
for 2 min. Each of the three sets of clothing was worn six 
times, the sampling being carried out over 3 separate days. 
The clothing sets were randomly allocated throughout the 
experiments. 

Most of the dispersal chambers previously described in the 
scientific literature did not supply and sample known quantities 
of air and it was therefore impossible to determine the number 
of bacteria dispersed per minute. In our case, however, the 
bacteria dispersed per minute by a person was the total 


bacteria sampled in a minute from the chamber. As the shelf 
(D) effectively divided the chamber in two, the amount of 
bacteria generated above and below the waist could be 
determined. The number of bacteria generated above the 
waist was calculated as twice the value of airborne sample taken 
there and the number below the waist was taken as the number 
of bacteria sampled below the shelf minus the value of the 
sample above the shelf. 


Particles dispersed from the surface of gowns (linting) 

The dispersal chamber was used again. A gown of the material 
to be tested was hung on a coat hanger in the middle of the 
chamber and the gown was lifted up and down 100 times per 
minute by means of a lever. The number of particles generated 
of a size equal to or greater than 0-5 um and equal to or greater 
than 5-0 um was measured with a Royco particle counter. 


Operation room sampling 

Bacterial sampling was carried out in two plenum-ventilated 
operation rooms. Two operation teams were studied. One 
carried out only orthopaedic operations in the room designated 
as room O and the other carried out vascular and general 
surgery in room V. 

Sampling was carried out to determine the airborne bacterial 
concentration and the number of bacteria on the surface of the 
gowns. Airborne sampling was carried out almost continuously 
throughout the operations, 0:5 i/s of air being sampled by a 
Casella slit-sampler over 10 min. After each operation had 
finished, the gowns from the scrubbed staff were sampled for 
surface bacteria. This was carried out on each cuff as well as 
at two points on the front of the gown, these being approxi- 
mately at stomach and chest level. This was done by pressing 
the surface of the gown down on to Petri dishes. Petri dishes 
140 mm in diameter were used for the front surface of the gown 
and 90-mm Petri dishes for the cuffs. The Petri dishes con- 
tained blood agar base no. 2 (Oxoid Ltd) with 0-5 per cent 
Tween 80 added. At the time of sampling a note was made 
of the length and type of operation, the names of the scrubbed 
staff and the number of persons in the operation room. 

A comparison was made within the same operation room 
of disposable and normal cotton clothing. Normal cotton 
surgical clothing for all staff consisted of cotton shirt and 
trousers with the addition of a cotton gown for the scrubbed 
staff. These were identical or almost identical to the cotton 
clothing described previously. Where disposable clothing was 
tested a cotton shirt and disposable trousers were worn by all 
people in the theatre and, in addition, disposable gowns were 
worn by the scrubbed staff. The disposable clothing was 
manufactured from '450' fabric. 

Disposable and cotton clothing were allocated in a random 
manner, one or other being worn either through a complete 
morning or afternoon. 


Results 


Dispersal of bacteria in a chamber 

The average airborne bacterial counts obtained from 
the 6 volunteers are given in Table I. It may be calcu- 
lated that the average total number of bacteria/min 
produced by males wearing cotton clothing was 1073, 
with a range 174-2382; for the females it was 579 
with a range of 281-1148. 

The percentage reduction found in the total air- 
borne count when the volunteers wore Ventile 
trousers and a disposable gown instead of cotton 
clothing was 68 per cent. When disposable trousers 
and gown were worn instead of cotton clothing an 
identical reduction of 68 per cent was achieved. When 
these results were tested statistically the difference 
between the cotton and the other two clothing sets 
was shown to be significant (P x 0-50) but the difference 
between the Ventile and disposable trousers was not 
significant (Pz0-1). - 

It is interesting to note that by use of the simple 
calculation explained above it was estimated that 
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Fig. 1. Photomicrographs of the same field of cotton fabric. a, Reflected light; b, reflected and transmitted light. 
(The white square represents 50 um?.) 





Fig. 2. Photomicrographs of the same field of Ventile L24 fabric. a, Reflected light; b, reflected and transmitted light. No 
pores can be seen. (The white square represents 50 um?). 





Fig. 3. Photomicrographs of the same field of ‘450’ fabric. a, Reflected light; b, reflected and transmitted light. 
(The white square represents 50 um?.) 
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Fig. 4. Dispersal chamber. 4, HEPA filter; B, metronome; C, 
sampling points; D, shelf; E, exercise bar; F, antiseptic mat; 
G, exhaust ports; H, air supply; /, bacterial sampler exhaust. 


when a cotton gown and trousers were worn, approxi- 
mately 60 per cent of the bacteria were generated 
below the shelf, i.e. below waist height. This was 
below the 80 per cent that had been found in our 
previous experiments (Whyte et al., 1976b) and was 
probably caused by the lower airflow in the present 
experiments, which could have been insufficient to 
prevent the transfer of bacteria from the lower to 
upper half of the chamber. 


Cloth linting 

Table If gives the results of the experiments to 
*determine the number of particles generated per 
minute from various cloths. Also given is the number 
of fold decrease (or increase in the case of the Ventile 
gown) in the particles generated, as compared with 
normal cotton gowns. 


Reduction of bacteria in the operation room 
environment 

The balance of the experiment: Good matching was 
achieved in terms of the average number of people 
in the room during the comparison; 10-6 compared 
with 10-5 in room V and 8-6 compared with 9-1 in 
room O. The same scrubbed staff were matched for 
71 per cent of the time in room O and 76 per cent in 


Table I: EFFECT OF CLOTHING ON THE TOTAL 
BACTERIA PRODUCED PER MINUTE IN A 
DISPERSAL CHAMBER 


Sample above shelf Sample just above floor 


CG+ DG+ DG+ CG+ DG+ DG+ 
T VT T T VT T 
Female 110 53 63 469 164 140 
Male 190 46 49 883 268 215 


CG, Cotton gown; DG, disposable gown; T, trousers; 
VT, Ventile trousers. 


Table Il: AMOUNT OF LINTING OF DIFFERENT 
GOWN MATERIALS 
Gown material 


Particle Ceramic 
size Cotton ‘450 Tyvek polyester Ventile 
>05 um 80050 10735 10525 330 484875 
(—7-5) (—76)  Á(—242) (+6) 
25-0 um 3590 985 795 50 27535 
(—36) (—45) (—72) (+8) 


Results expressed as numbers of particles generated per 
minute. Figures given in parenthesis are the number of fold 
increase (+) or decrease ( —) compared to cotton. 


Table IH: COMPARISON OF NUMBERS OF 
AIRBORNE BACTERIA WHEN DIFFERENT 
CLOTHING WAS BEING WORN 


Room O Room V 
Cotton Disposable Cotton Disposable 
Average no. of 9:1 8-6 10:6 10-5 
people 
Average bacteria 569 227 240 137 
count/m? 
Reduction 66% 4355 


room V. Unfortunately the gown surfaces comparison 
was complicated in room V by the fact that the gown 
surfaces were almost certainly contaminated during 
abdominal surgical operations and also by tbe fact 
that the surgeon felt that it was necessary to wear a 
disposable gown for vascular surgery throughout the 
trial. These data were therefore discounted from the 
study. 

Airborne sampling was carried out for 1090 min in 
room V and 760 min in room O, over operation times 
of 1799 and 993 min in rooms V and O respectively. 
Airborne bacteria concentrations: Table HI shows a 
comparison of the airborne bacterial concentration in 
both rooms O and V when cotton or disposable 
clothing was used. It may be seen that a substantial 
reduction in the airborne bacteria was achieved when 
disposable clothes were worn (66 per cent in room O 
and 43 per cent in room V). 

Surface contamination: Table IV shows a comparison 
between the numbers of bacteria sampled on the 
surface of both the disposable and cotton gowns. 
This comparison was done only in room O and is 
given as the number of bacteria generated on to 
100 cm? of surface per minute. As the time required to 
carry out the operations varied, the gowns were worn 
for various lengths of time. This meant that a com- 
parison of the number of bacteria generated on to the 
surface of the two gowns could be invalid if the 
increase in surface bacteria was not directly propor- 
tional to time. The increase of surface bacteria was 
therefore measured over the time of an operation and, 


Table IV: A COMPARISON OF BACTERIA ON THE SURFACE OF GOWNS 


All staff 

Surface | v^ 

sampled Cotton Disposable Reduction Cotton 
High front 0-47 0-26 46 0-51 
Low front 0-14 0-10 32 0-15 
Left cuff 0-12 0-03 73 0-06 
Right cuff 0-21 0-03 86 0-08 
No. of 27-6 35-8 6-95 

wearing h 
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Surgeon 1 Surgeon 2 
| (%) (%) 
Disposable Reduction Cotton Disposable Reduction 
0-35 30 0-58 0-32 45 
0-06 60 0-26 0-19 27 
0-03 50 0-22 0-03 86 
0-03 60 0:22 0-03 86 
8-25 6-75 


305 


Bacteria count expressed as number generated on to 100 cm* of material per minute 


for all practical purposes, was shown to be propor- 
tional to the time worn. Table IV gives the comparison 
of the surface bacteria obtained from four sampling 
points on cotton and disposable gowns. This com- 
parison was divided into three parts, a comparison of 
bacteria obtained from all the people who were ever 
in the room and those from two surgeons. These two 
surgeons were in the test and control situation most 
often, and therefore the most suitable for comparison. 
It may be seen that, when numbers obtained from all 
staff were compared, the overall reduction was about 
60 per cent and for the two surgeons 50 per cent and 
61 per cent respectively. 

By means of sequential sampling it was possible to 
demonstrate that the efficiency of surface sampling 
method was low, being about 10 per cent. If it may be 
assumed that the bacteria which can be removed by 
the surface sampling method were 10 per cent of the 
total number of bacteria that may find their way into 
the hospital environment, then the number of bacteria 
on the surface of gowns is surprisingly low. If a 
sampling efficiency of 10 per cent is assumed, then the 
average number of surface bacteria on the most highly 
contaminated area sampled, i.e. the chest area, was 
4-7 bacteria generated on to 100 cm? of gown per 
minute. 


Discussion 
It has been demonstrated that of the operation room 
clothing studied, the ‘450° fabric was most effective in 
reducing the airborne dispersal of bacteria, as well as 
reducing the number of bacteria on the surface of 
gowns. Dispersal chamber tests showed this material 
to be as effective in reducing airborne dispersion as 
the closely woven Ventile material (type L47). Ventile 
material has never been popular, because the close 
weave makes it hot and uncomfortable to wear in an 
operation room. ‘450° disposable material does not 
have this disadvantage as it is a non-woven fabric 
with a large pore structure, and discussion with those 
who have worn it reveals that it is cool and comfort- 
able. As shown in Fig. 4, it is a multi-layer fibre 
material. Bacterial particles have to negotiate their 
way through the maze of fibres without colliding with 
or being electrostatically attracted to them. The 
majority of the particles are unable to do this. The 
material has therefore a low resistance to air and is 
comfortable, yet provides a high efficiency barrier to 
bacterial particles. It is perhaps interesting to note 
that filters, used in ventilation systems to remove dust 
and bacterial particles yet still have a low pressure 
drop, are designed in a similar way. 

Owing to the previously explained peculiarities of 
these experiments, the amount of bacteria found to 
be produced from below the waist when a cotton 


gown was worn (60 per cent) was lower than that 
previously demonstrated by us (Whyte et al., 1976b). 
In these previous experiments it was shown that the 
amount of bacteria produced above and below the 
waist was dependent on the degree of protection 
afforded by the clothing worn. When a cotton 
operation suit, i.e. trousers and vest, was worn about 
70 per cent of the bacteria came from below the waist. 
When a cotton or non-woven fabric surgical gown 
was worn on top of the suit the extra protection given 
above the waist increased the percentage generated 
below the waist to 80 per cent and 90 per cent 
respectively. 

As the majority of bacteria are dispersed from 
under a gown, it follows that gowns made from more 
efficient material would be of limited use, and the 
same previous set of experiments showed that the 
total bacterial dispersal rate would be decreased by 
only 20-30 per cent when a gown made from non- 
woven fabric was used in place of a cotton one. 

In an operation room only the scrubbed staff wear 
a gown, and they are often in the minority. It may 
therefore be deduced that a gown will do little to 
reduce the airborne count in a normally ventilated 
operation room--perhaps by less than 10 per cent. 
As explained previously, the full effectiveness of this 
type of clothing can only be achieved in a downflow 
unidirectional flow system, where the bacteria issuing 
out from under the gown are largely removed. 

When gowns and trousers of disposable material 
were worn by all the scrubbed staff and disposable 
trousers by the other staff in two operation rooms 
a 43 per cent and 60 per cent drop was achieved 
(average 52 per cent). This does not exactly agree with 
the results obtained from the dispersal chamber, 
where use of a ‘450’ gown and trousers gave, on first 
inspection, an overall 68 per cent reduction. How- 
ever, as only half the people in the room wore gowns, 
i.e. the scrubbed staff, the dispersion rate into the air 
of the operation room would be greater than in the 
experiments in the dispersal chamber, where a gown 
was worn as well as trousers. Recalculation of the 
results to take this into account show that the expected 
result in the operation room would have been 55 per 
cent. 

The reduction in the bacteria on the surface of the 
‘450° gown, compared to cotton, was shown to be in 
line with the reduction of the bacteria dispersed 
through the gown, i.e. 50-60 per cent. The operations 
studied in this experiment were clean orthopaedic ones, 
so that very few bacteria would come from a con- 
taminated operation site. The gowns were dry after 
these operations, so no bacteria would have *wicked' 
through. Because of the fact that there were less 
bacteria on the surface of the more open structure 


* 
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‘450’ fabric, it was felt that the rubbing of bacterial 
particles through the cloth was not the most important 
route. It was most probable that these skin organisms 
were filtered out on the outermost layers of the 
gown material when air was being pushed in or out 
of the garment. The significance of this reduction in 
surface bacteria is unclear. It was shown that the 
bacteria that could be detached from the site of 
highest contamination, i.e. the chest, were being 
generated on to 100 cm? of that site at an average 
rate of about 5/min. This appears low in comparison 
to the thousand or so bacteria that are passing 
through the gown every minute. 

A further advantage of this type of material, and 
others manufactured from artificial fibres, was that 
it dispersed (or linted) substantially fewer particles. 
This dispersal was found to be around eight times less 
in the case of '450' fabric for particles of size 0-5 um 
or more but 242 times less for the polyester material. 
The significance that this drop in the shedding of 
fibres may have on the control of infection is unclear 
but, because of the low concentration of bacteria on 
the surface of the gown, it will presumably be of a 
much lower order of importance than the effectiveness 
of the material in reducing airborne dispersion. 


W. Whyte et al. 
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Adenocarcinoma of the oesophagus and of the 


oesophagogastric junction 
J. N. WEBB AND A. BUSUTTIL* 


SUMMARY 

The clinical and pathological features of 52 adeno- 
carcinomas invading the oesophagus and the oesophago- 
gastric junction are reviewed. The relationship of these 
tumours to the presence of a concomitant hiatal hernia 
and the histogenesis of primary oesophageal adeno- 
carcinomas are discussed. Adenocarcinomas of the 
cardio-oesophageal junction appear to have distinctive 
prognostic and pathological features and there may be 
a case for their classification into a separate category 
of alimentary neoplasms. 


PRIMARY adenocarcinoma of the oesophagus is con- 
sidered to be a rare tumour (Azzopardi and Menzies, 
1961; Kay, 1968; Ackerman and Rosai, 1974), while 
adenocarcinoma of the oesophagogastric junction, 
often with involvement of a large area of the lower 
oesophagus, is common; a distinction between the 
two types of tumour may be difficult or even impossible 
to make. Those carcinomas arising at the cardiac 
junction frequently present as primary oesophageal 
cancers with dysphagia and continue to be so labelled. 
They may eventually even enter mortality statistics as 
oesophageal rather than gastric tumours. 

A significant number of carcinomas of the oeso- 
phagogastric junction are associated with a hiatal 
hernia (Smithers, 1955; Adler and Rodriguez, 1959; 
Grimes and Zboraske, 1968; Moghissi, 1977), in 
which case the tumour may be situated at a high level in 
the gullet, e.g. at 30 cm from the incisor teeth or even 
higher. The possible role of the hiatal hernia in the 
development of such carcinomas is controversial. 
Mayer et al. (1976) have claimed that the hiatal hernia 
may predispose to the development of the tumour at 
this site, while others have suggested that this associa- 
tion is purely coincidental and fortuitous (Feldman 
and Myers, 1952; Moghissi, 1977). 

We have examined the records of the Pathology 
Department at the Western General Hospital, 
Edinburgh, over a 15-year period (1962-76) and 
extracted all the cases of adenocarcinoma involving 
the oesophagus, to see whether we could distinguish 
primary adenocarcinomas involving the oesophagus 
from those arising at the cardiac end of the stomach. 
The clinical and pathological records of 52 cases (from 
a total of 415 carcinomas of the oesophagus and 
stomach) have been analysed and the significance of 
the relationship to concomitant hiatal herniation is 
discussed. 


Patients and methods 

The files of the Pathology Department at the Western General 
Hospital, Edinburgh, were searched for all cases of oesophageal 
and gastric carcinoma presenting between the years 1962 and 
1976. This department serves all the surgical units of the North 
Lothian District group of hospitals, which represents a 
population catchment of approximately 312 000. The records 
were examined in order to establish the exact location of the 
tumour and the histological type. All adenocarcinomas 
involving the oesophagus were analysed by an examination of 


the case records and of the histological sections of all biopsy 
and necropsy material. A carcinoma of the oesophagogastric 
junction is defined as one in which both the oesophageal and 
the gastric walls are involved by tumour; in cases in which an 
accompanying hiatal hernia is present, the entire tumour may 
be intrathoracic. A primary adenocarcinoma of the oesophagus 
is a tumour which is limited to the oesophagus, there being no 
infiltration of the gastric cardia. 

Four histological categories were recognized: (a) adeno- 
carcinoma which did not differ in any essential detail from 
ordinary gastric adenocarcinoma in both histological appear- 
ance and degree of differentiation; (6) anaplastic carcinoma, 
i.e. lacking both squamous and glandular differentiation; (c) 
adenoacanthoma, i.e. an adenocarcinoma with definite areas 
of squamous differentiation; (d) muco-epidermoid carcinoma; 
this is a basically squamous carcinoma but it also shows 
mucin production by individual cells as well as glandular 
differentiation. (The intraglandular and intracellular mucoid 
material is mucicarmine positive as well as periodic acid- 
Schiff positive and resistant to diastase.) Squamous carcinomas 
of the oesophagus which also occasionally infiltrated the upper 
end of the stomach are not included in this survey. 


Table I: INCIDENCE OF CARCINOMA OF THE 
OESOPHAGUS 


Squamous Adenocarcinoma 
Upper third 12 0 
Middle third 2] 4* 
Lower third 30t 48* 
Total 63 §2¢ 





* One case was primary. 
+ Five cases involved the cardia. 
+ Fifty cases extended beyond the cardia. 


Table H: INCIDENCE OF CARCINOMA OF THE 
STOMACH | 


Oesophagogastric junction 50 
Fundus 15 
Body 96 
Antrum/pylorus 158 
Diffuse 3l 
Total 350 
Results 


Of the 415 carcinomas of the oesophagus and stomach 
there were 52 adenocarcinomas involving the 
oesophagus: 50 of these were considered to be 
carcinomas of the oesophagogastric junction and 
there were only 2 primary adenocarcinomas of the 
oesophagus. During the same period there were 63 
squamous carcinomas of the oesophagus (Table I) and 
350 gastric carcinomas (300 cases if the oesophago- 
gastric carcinomas are separated) (Table II); adeno- 
carcinomas of the oesophagogastric junction are 
therefore almost as common as squamous carcinomas 
of the oesophagus. 





* Department of Pathology, Western General Hospital, 
Edinburgh. 
Correspondence to: A. Busuttil. 
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NUMBER OF CASES 


DECADE 
Fig. 1. Age distribution (the age was known in 48 cases). 
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Fig. 2. The upper level of tumour in the oesophagus in 29 
cases where the level was accurately measured (17 cases with 
hiatal hernia, 12 without). 


There were 19 females and 33 males in this series. 
The age range of the 52 patients was 29-87 years, the 
mean age being 64 years (Fig. 1). Only 4 patients were 
under the age of 50 and the great majority of the 
patients were in their sixth, seventh and eighth 
decades. The youngest patient was an unmarried, 
obese female aged 29 years. In 1966 she was diagnosed 
radiologically as having a hiatal hernia, having 
complained of severe upper alimentary symptoms for 
the previous few months. Following a 6-month course 
of weight reduction she was admitted for reassessment, 
and endoscopy revealed the presence of a friable 
tumour in the oesophagus at a level of 36 cm; biopsy 
confirmed a well-differentiated adenocarcinoma. At 
operation, the extent of the local spread of tumour to 
the posterior chest wall precluded radical surgery; no 
evidence of lymphatic or metastatic spread was 





present. The patient died about a month later but no 
post-mortem examination was possible. 


Association with hiatal hernia 

A hiatal hernia was demonstrated radiologically* in 
22 of the 52 cases, giving an incidence of 42 per cent. 
Four of these patients had had symptoms referable to 
a hiatal hernia for many years before the diagnosis of 
carcinoma; in the other 18 patients symptoms had 
only been present for a few months. 


Symptoms 

Detailed clinical records were available for 45 of the 
52 patients. Over 80 per cent presented with dysphagia 
and 56 per cent of the patients also experienced weight 
loss (often in excess of 7 kg) in the few months before 
presentation. In 18 per cent a moderate iron deficiency 
anaemia was also present, although actual frank 
gastrointestinal bleeding was only a feature in 9 per 
cent of the patients. Retrosternal and/or epigastric 
pain was a complaint of 13 per cent of the patients. 
The duration of symptoms was less than 6 months in 
55 per cent of the cases. 


Level of the tumour in the oesophagus 

The upper level of the carcinoma within the 
oesophagus was measured at endoscopy in 29 patients 
(17 of these patients had a hiatal hernia). The level 
ranged from 25 to 40cm; the mean level for the 
patients with a hiatal hernia was approximately 31 cm 
and for those cases without 37 cm (Fig. 2). In all but 
one of the remaining 23 cases the tumour was 
described as being at the cardia or in the lower 
oesophagus on radiology and/or endoscopy; in that 
one case the tumour was present in the middle third 
of the oesophagus but the patient also had a large 
hiatal hernia which had been known to be present for 
at least 7 years. 


Treatment and survival 

In only 23 of the 52 patients (44 per cent) was a 
surgical resection possible: this involved a partial 
oesophagogastrectomy through a combined thoraco- 
abdominal approach. In the remaining 29 cases 
radical surgery was not feasible because the disease 
was too advanced by the time the diagnosis was made. 
Of those receiving palliative therapy, 2 patients 
received deep X-ray therapy only and the others had 
gastrostomies or jejunostemies performed, or a 
Souttar or Mousseau- Barbin tube inserted to relieve 
the dysphagia. Radical surgery was combined with 
preoperative radiotherapy in 2 patients and with 
chemotherapy in 3 others. 

Of the 49 patients who could be traced, 38 (77 per 
cent) were dead within 2 years of diagnosis: 20 (40 
per cent) died after 3 months, another 6 (12 per cent) 
by the end of 6 months and yet another 6 by the end 
of 1 year. Twenty-one of the 23 patients in whom 
radical surgery was performed were available to 
follow-up. Two patients had survived for over 2 years 
and one of these is still living after 5 years. Another 
4 patients have survived for periods ranging between 
4 and 17 months postoperatively. Fifteen of the 21 
patients (71 per cent) had died within the first 3 months 
after surgery. 





* Most of the radiological investigations were carried out by 
Dr D. H. Cummack, who has a special interest and acknow- 
ledged expertise in upper alimentary radiology. 
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Siemens know-how in solid state technology has 
made it possible to ensure that the RADIOTOM® 704 
surgical unit is compact enough to fit into the limited space 
available in an operating theatre. 

The new RADIOTOM 704 is designed as a table 
model which can also be used as an overhead box unit 
depending upon the theatre layout. The choice of special 
unitsoffered includes with or without bipolar 
micro-coagulation, with or without an automatic protective 
gas facility and with or without a cold light facility. 

TheRADIOTOM 704 iscontrolled by a minimum of 
sensibly arranged operating controls. It is light and compact 
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and high output power and built-in safety foryou and your For full details contact: Siemens Limited, 
patient. These advantages are designed into the Medical Group, Siemens House, WindmillRoad, 
RADIOTOM 704 for all applications in electrosurgery. Sunbury-on-Thames, Middlesex, TW16 7HS. Tel: 09327 85691. 


Inthe world of electro-medicine 
Siemens has the answer. 
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Zinacef is a new, broad spectrum beta-lactam antibiotic with 
greatly enhanced stability to bacterial beta-lactamases. S N 
This stability gives Zinacef a broader spectrum than the vast 
majority of established antibiotics as well as greater intrinsic 
bactericidal activity. This new spectrum of activity is combined 
with a wide safety margin and excellent therapeutic qualities. 


Resisting destruction 
The value of the commonly used beta-lactam 


antibiotics is being constantly eroded by the growth 
of resistant populations of bacteria producing 
beta-lactamases. 

Zinacef has a sophisticated chemical structure, with 
in-built protection against these enzymes which 
effectively places it in a new class of antibiotics. 


[Cefuroxime]...is highly resistant to degradation 
by beta-lactamases 

Richmond M.H. & Wotton S., Antimicrobial Agents 
and Chemotherapy (1976) 10, 219 


The ability to resist destruction results in a greatly 
extended dinical spectrum; many pathogens, both 
Gram-positive and Gram-negative, resistant or 
partially resistant to established beta-lactam antibiotics, 
are sensitive to Zinacef's bactericidal effect. 


Resolving infection 
Zinacef is particularly appropriate for the treatment of 
serious, or potentially serious infections where causative 
organisms have not been identified or may be mixed. 
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Clinical trials involving infections by numerous pathogens in Prescribing information 
many regions of the body have provided evidence that, in Presentation 
general, Zinacef produces excellent bacteriological and Vials of 250mg, 750mg and 1-5 gram and infusion pack of 1-5 gram. All 
containing cefuroxime as cefuroxime sodium. i 


clinical response, with no serious side effects. 

e Zinacef has minimal toxicity giving it a high therapeutic index. 

e Clinical trials have shown excellent renal tolerance. 

ə There are no known clinically relevant adverse drug 
interactions. 

e Adequate serum levels are rapidly achieved and are well 
maintained. 

e Widely distributed with adequate levels in sputum, bile, bone 
and cerebrospinal fluid. 

e Zinacef is not metabolised. Large quantities, active and 
unchanged, are excreted in the urine. 

e Can be used safely in neonates. 

e Can be used with gentamicin. 


e Itis compatible with commonly-used intravenous infusion fluids. 


e Patient tolerance is excellent both intramuscularly and 
intravenously. 
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Gram-positive organisms 
Staphylococcus aureus ( penicillin sensitive) 
(penicillin resistant) 
Staphylococcus epidermidis (albus) 
Streptococcus pyogenes MN 
Streptococcus pneumoniae 
Streptococcus mitis (viridans) 
Streptococcus faecalis 
Clostridium spp. B 
Gram-negative organisms 
Haemophilus influenzae 

E. coli a 

Klebsiella pneumoniae 
Enterobacter spp. 
Proteus mirabilis 
Proteus vulgaris 
Proteus rettgeri 
Proteus morganii 
Bacteroides spp. including fragilis 
Salmonella spp. 
Shigella spp. 
Neisserio gonorrhoeae 
Neisseria meningitidis 
Pseudomonas aeruginosa 
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Indications if 
Serious bacterial infection, especially where the organisms have not yet been 
identified. 










































Conditions include: Bone and joint infections 
Chest infections Urinary tract infections 
Septicaemia Ear, nose and throat infections 


Meningitis 
Gonorrhoea 


Soft-tissue infections 
Obstetric and gynaecological infections 


Dosage 

Adults: Generally 750mg t.d.s. I.M. or I.V. Severe infections 1-5 gram t.d.s. |. V. 
Frequency of injections can be increased to six-hourly if necessary. 

Infants and children: 30 to 100mg. kg. day in 3or 4 divided doses. 

60 mg ‘kg ‘day will be appropriate for most infections. 

Neonates: 30 to l00mq- kg. day in 2 or 3 divided doses. 


Gonorrhoea: Single dose of 1-5 gram (2x750mg I.M. into different sites). 


Contra-indications 
Hypersensitivity to cephalosporins. 


Precautions 

Cephalosporins may, in general, be given safely to patients who are 
hypersensitive to penicillins. 

As with all drugs, cefuroxime should be administered with caution during the 
early months of pregnancy. 

Cefuroxime does not interfere with enzyme-based tests for glycosuria. 
Cephalosporins interfere with tests for glycosuria which use copper reduction 
methods or ferricyanide and for creatinine, the alkaline picrate assay. 

As with other antibiotics, prolonged use may result in the overgrowth of 
non-susceptible organisms. 

Cefuroxime should not be mixed in the syringe with aminoglycoside antibiotics. 
Reduce dosage when renal function is markedly impaired. 

The concurrent use of cefuroxime with potent diuretics is unlikely to cause 
problems at recommended dose levels. 


Side effects 

Adverse reactions are rare and generally mild and transient, e.g., rashes, 
gastro-intestinal disturbance, candida intertrigo, decreased haemoglobin 
concentration, eosinophilia, a positive Coombs test, transient rises in serum liver 
enzymes and transient pain (after I.M. injection). 

Storage 

The powder in the infusion pack and vials should be stored below 25°C and 
protected from light. 


Product Licence number 

PL, 0004/0263 

Price to Hospital (exclusive of VAT) £ 

5x250mg 0-70 per vial 
5x750mg 2-10 per vial 
1-5 gram 4:20 


Full prescribing information on Zinacef 

(trade mark) is available from: 
Pharmaceuticals Division, Glaxo Laboratories 
Limited, Greenford, Middlesex UB6 OHE 


Glaxo 


Weck Hemoclips 





Surgical occlusion 
proven in over 12 
years use 








əx superior to any other clip avail- 


able will not slip off blood 
vessel; allows partial occlusion 
if necessary 


routinely used in more than 40 
different surgical procedures 


pre-formed to direct pressure 
uniformly in the applier-true 
parallel closure without 
scissoring 


:K distal end closes first to en- 
compass all the vessel 


* available in four sizes 


Hemochp closure: 


Left is the clip closed, providing a tenacious 


yet hypotraumatic grip. 


Centre is the partially closed clip 

forming a ring. Right is the open clip; 
magnifying the longitudinal and transverse 
grooving-a milled, grooved surface that 





grips securely without slippage. 









Full information on request 


American Hospital Supply (UK) Limited 


Station Road, Didcot, Oxfordshire OXt! 7NP Telephone: 0235 813501 
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Post-mortem findings 

Autopsies were carried out on 22 patients and in 10 
of these, death was found to be due to metastatic 
carcinoma. Five died of perforation of the oesophagus 
with consequent mediastinitis and intrathoracic 
abscess formation; in 3 of these the perforation was 
attributed to the effects of pressure from an endo- 
oesophageal tube and in the other 2 the perforation 
was spontaneous. There were 7 deaths from post- 
operative complications; 5 as a result of a leaking 
anastomosis, 1 from bronchopneumonia and 1 from 
haemorrhage arising in an unidentified bleeding point 
in the upper alimentary tract in relation to the recent 
‘surgical procedure. 


Metastatic spread of the tumour 

On pathological examination of the 23 resection 
specimens, 9 of the tumours (39 per cent) were shown 
to extend as far as the oesophageal edge of the 
resection. In only 3 cases had intraoperative assess- 
ment of the level of oesophageal resection been made 
by frozen section examination. In 52 per cent of the 
specimens (12 cases) tumour metastases were shown 
within the para-oesophageal and/or the paragastric 
lymph nodes; such Spread was also demonstrable in 
14 other patients who came to surgery and/or 
autopsy. Spread to the liver—with or without other 
organ involvement—-occurred in 12 patients; in 4 
other patients with metastatic disease the liver was not 
involved. The extrahepatic sites of spread included 
the lungs and pleurae, bone, pancreas, thyroid, 
adrenals and skin. Local recurrence at the anastomotic 
site or in the surgical scar occurred in 4 patients. 


Histology 

Carcinoma of the oesophagogastric junction (SO cases): 
In 44 cases the histology was that of an adeno- 
carcinoma, which did not differ in any essential details 
from that of an ordinary gastric carcinoma. The 
degree of differentiation varied not only from case to 
case but in different parts of an individual tumour, in 
that well-differentiated glandular structures and 
anaplastic areas were sometimes present in the same 
tumour. A prominent papillary pattern was present 
in 9 of the cases: one of the latter contained large 
numbers of calcified psammoma bodies. In 4 cases 
the pattern was prominently that of a mucin-secreting 
'signet-ring' carcinoma without glandular differentia- 
tion. A prominent cribriform pattern somewhat 
reminiscent of the adenoid cystic carcinoma was also 
seen in one of the adenocarcinomas. Three tumours 
were anaplastic carcinomas. Three other tumours 
were adenoacanthomas. 

Primary adenocarcinoma of the oesophagus (2 cases): 
One was an adenocarcinoma of ordinary gastric type 
with mucin secretion which involved principally the 
middle third of the oesophagus, causing stenosis; it 
also extended superiorly and inferiorly to involve the 
upper and lower thirds. The other case was a muco- 
epidermoid carcinoma of the lower third of the 
oesophagus. The upper limit of the tumour was at 
30 cm and no associated hiatal hernia was present. 
In both cases the gastric cardia was free of tumour. 


Discussion 
Previous estimates of the incidence of primary adeno- 
carcinoma of the oesophagus have varied between 
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Table HI: INCIDENCE OF PRIMARY 
ADENOCARCINOMA OF THE OESOPHAGUS 

Total cases of Primary 
oesophageal adenocarcinomas 
Series cancer C) 
Puestow et al. (1955) 603 10 
Smithers (1956) 314 8 
Raphael et al. (1966) 1312 3:3 
Lortat-Jacob et al. (1968) 1238 2:4 
Turnbull and Goodner 558 2:9 
(1968) 

Present series (1977) 115* 1-7 





* Squamous carcinoma, 63; carcinoma of oesophagogastric 
junction, 50; primary adenocarcinoma, 2. 


2:4 and 10 per cent of all malignant tumours in the 
oesophagus (Table III). Our own lower figure of 1-7 
per cent is perhaps only a reflection of the smaller 
total number of malignant oesophageal tumours. In 
such calculations a source of discrepancy is often the 
difficulty in deciding whether a particular adeno- 
carcinoma within the oesophagus will have taken its 
origin at this location or whether it had in fact started 
at the gastric side of the cardia and had secondarily 
involved the oesophagus, either by a continuous 
spread or by a retrograde submucosal metastasis. It 
has been shown that tumours of the body of the 
stomach may spread by the latter route as discon- 
tinuous secondary growths within the thoracic 
oesophagus, occasionally as high up as the arch of the 
aorta or the tracheal bifurcation (Turnbull and 
Goodner, 1968). Some glandular tumours may also 
have arisen within heterotopic foci of gastric-type 
epithelium within the oesophageal lining (J ohns, 1952) 
or from an oesophagus which has in part retained its 
fetal-type columnar epithelium (Barrett, 1957; Willis, 
1958). A number of well-documented single case 
reports in which such an origin could be proved are 
on record (Carrie, 1950; Dawson, 1950; Morson and 
Belcher, 1952). Most of the tumours in our series 
were so advanced that it was not possible to pinpoint 
the actual site of origin or the presence of gastric-type 
epithelium within the oesophagus. 

Primary oesophageal tumours may also arise from 
the submucosal oesophageal glands. Tumours with 
such an origin may resemble tumours arising from 
the cardia or body of the stomach in most instances; 
however, as happens with similar glands in the upper 
respiratory or alimentary system, tumours of these 
glands occasionally bear a morphological similarity to 
salivary glandular tumours. Both primary muco- 
epidermoid tumours and adenoid cystic carcinomas 
of the oesophagus have been well documented 
(Azzopardi and Menzies, 1961; Kay, 1968). One of 
the two primary tumours in this series was a muco- 
epidermoid carcinoma. Another of the adenocar- 
cinomas at the oesophagogastric junction showed a 
focal cribriform arrangement which was reminiscent of 
an adenoid cystic carcinoma. Such salivary-type 
tumours are not known to arise in the stomach. 
Although the numbers documented are small, these 
tumours appear to carry a better prognosis than 
ordinary squamous carcinomas (Kay, 1968). 

Three of the tumours at the cardia were adeno- 
acanthomas; these are basically adenocarcinomas 
with portions of the tumour showing a tendency to 
squamous differentiation (Dodge, 1961). In the past 
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Table IV: PERCENTAGE 5-YEAR SURVIVAL FOR 
TUMOURS AT THE CARDIA AND IN THE LOWER 
THIRD OF THE OESOPHAGUS 


Carcinoma Carcinoma 
of Survival of the Survival 
Series oesophagus CA) cardia (5 
Gunnlaugsson 54 28-5 198 13:5 
et al. (1970) 
Lortat-Jacob 477 34-1 380 8:2 
et al. (1970) 
McKeown 2 — 76 17:6 
(19731 





there has been some tendency to include muco- 
epidermoid carcinomas with them (Kay, 1968); now 
stricter pathological definition of tumour types based 
on staining characteristics has enabled differentiation 
of these two types of tumour. ‘Collision’ tumours at 
this site are rare, as these would presuppose the 
presence of a primary adenocarcinoma arising on the 
gastric side of the cardia and a squamous carcinoma 
arising at the oesophageal end, with a merging of the 
two tumours; in such cases the squamous foci will 
also show features of malignancy. 

A papillary pattern was particularly striking in a 
number of the tumours, and in one case psammoma 
bodies, which are often a hallmark of papillary 
tumours of the thyroid or ovary, were present in 
abundance. This finding apparently has not been 
described previously. 

The histological variations seen in our series do not 
seem to bear any relationship to the prognosis; our 
numbers of anaplastic carcinomas and adeno 
acanthomas are, however, small. 

The high incidence of hiatal hernia in association 
with these tumours is very striking in our series. The 
majority of these hernias were small and the symptoms 
which could be attributed to the hernia had usually 
only been present for a few months. The vast propor- 
tion of the hernias were in fact asymptomatic, although 
in either event, this does not exclude the presence of 
the herniation for some years previous to its diagnosis 
by upper alimentary radiology. In 4 patients, how- 
ever, the symptoms of peptic oesophagitis had been 
present for several years before the diagnosis of a 
tumour at the cardia, and in the latter cases it may be 
possible that the chronic inflammatory changes and 
the regenerative phenomena at this site may have 
predisposed to the development of a neoplasm. A 
higher incidence of tumours of the oesophagus is 
known to occur after phenol burns of the oesophagus, 
and a higher incidence of malignancy is also known 
to be associated with chronically inflamed pharyngeal 
and oesophageal diverticula. The other possibility to 
be considered is that the appearance of a tumour at 
the cardia may produce inflammatory changes and 
fibromuscular contracture with some laxity of the 
gastro-oesophageal sphincter, in which case the 
herniation would be no more than yet another 
manifestation of the tumour. It is also worthy of 
mention that the diagnosis of small hiatal hernias by 
barium studies is difficult and time-consuming, and 
the frequency with which this condition was diagnosed 
in our patients may only reflect the specific interest 
in alimentary conditions of this particular radiology 
department and the selective referral of patients 
with symptoms of hiatal hernia to this particular 
unit. 





This series illustrates the dismal prognosis of these 
tumours of the oesophagogastric junction, in that 79 
per cent of the patients were dead within 2 years of 
diagnosis. Larger series in the literature have recorded 
a similar high mortality rate and a great loss of patients 
in the perioperative period and in the first few months 
alter surgery (McKeown, 1973). Comparison with the 
survival figures for squamous carcinoma of the lower 
end of the oesophagus shows that tumours arising in 
the cardia are associated with a higher mortality. This 
observation was first reported by Ellis et al. (1959), 
who showed that patients with squamous carcinomas 
of the lower third of the oesophagus who were 
treated by radical surgery had a better prognosis than 
similarly treated patients with adenocarcinomas of 
the cardia (29-4 per cent 5-year survival for squamous 
carcinomas as opposed to 10-1 per cent for adeno- 
carcinomas of the cardia). In more recent series this 
trend is still apparent (Table IV). Similarly, tumours 
of the cardia show a lower survival rate than tumours 
of the body of the stomach treated by gastrectomy 
(Hawley et al., 1970). This may indicate an intrinsic 
biological difference in adenocarcinomas of the 
oesophagogastric junction. It is hopefully anticipated 
that the prognosis for tumours at this site may 
improve over the next few years. The increasing use of 
endoscopy should enable an earlier diagnosis, and 
more potent radiotherapeutic methods and chemo- 
therapeutic régimes should enable these patients to 
survive longer. 

The diagnosis of these tumours may be difficult to 
establish both radiologically and endoscopically, 
particularly if an associated hiatal hernia is present. 
The difficulty in obtaining representative, good- 
thickness biopsies at fibreoptic endoscopy is well 
recognized and the use of cytological techniques may 
perhaps be of further help (Smithers et al, 1975). 
Moreover, the diagnosis of peptic oesophagitis in 
association with a hiatal hernia is often not accom- 
panied by a confirmatory biopsy, in which case an 
early tumour at this site may be missed. However, 
even where a tumour may be suspected, repeated 
endoscopic biopsies may be negative. In such cases 
rigid oesophagoscopy under general anaesthesia is to 
be considered. In our own series this procedure had 
to be resorted to on at least three occasions. 

There are good grounds for recognizing adeno- 
carcinoma of the oesophagogastric junction as a 
distinct category of tumour for statistical and epi- 
demiological purposes; the reasons for proposing this 
may be summarized as follows: (a) this tumour 
occurs at a complex anatomical site in relation to the 
diaphragm, mediastinal tissues, peritoneal attach- 
ments, etc.; (b) it occurs at the junction of two types 
of mucosa where boundaries may vary in patho- 
logical states, i.e. the gastric lining may extend into 
the lower third of the oesophagus; (c) the association 
with hiatal herniation; (d) the lymphatic drainage 
from these tumours extends to both the mediastinal 
(and possible cervical) and to the coeliac (and other 
mesenteric) lymph nodes; (e) surgical resection of 
these tumours is generally associated with a high intra- 
operative and postoperative mortality partly because 
of the technical aspects of such resections, and the 
presence of early submucosal and metastatic dis- 
semination at the time of presentation; (f) the prog- 
nosis of these tumours is poorer than for gastric and 
squamous oesophageal tumours. 
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Diminished cellular immunity due to impaired 


nutrition in oesophageal carcinoma 
A. A. HAFFEJEE, I. B. ANGORN, P. P. BRAIN, J. DUURSMA 


AND L. W. BAKER* 


SUMMARY 

The nutritional status of 15 Negro patients suffering 
from unresectable carcinoma of the midthoracic 
oesophagus was evaluated before and after palliative 
pulsion intubation, All were shown to be in negative 
nitrogen balance and to have a compromised non- 
specific cellular immune response. Correction of 
protein-calorie malnutrition and the achievement of 
positive nitrogen balance were associated with an 
increase in absolute lymphocyte and T lymphocyte 
numbers and a significant increase in lymphocyte 
response to PHA. The improvement in immunological 
reactivity occurred without any attempt at therapeutic 
reduction in tumour bulk. 


THE immune response may be depressed by malnu- 
trition (Smythe et al., 1971; Chandra, 1974) and the 
presence of cancer (Whittaker and Clark, 1971). 
Law et al. (1973) have shown that the in vivo and 
in vitro functions mediated by T lymphocytes are 
impaired in protein-calorie malnutrition. Nutritional 
repletion of these patients using total parenteral 
nutrition produced significant improvement in T 
lymphocyte function. Total parenteral nutrition in 
certain patients undergoing anti-tumour therapy with 
cytostatics, irradiation or surgery can help restore 
cell mediated immunity (Copeland et al., 1976). 

In carcinoma of the oesophagus two factors 
which are capable of suppressing the immune response 
are in operation, ie. the presence of a malignant 
tumour and starvation. Non-specific immune re- 
sponses, both cellular and humoral, may be depressed 
by starvation. The presence of a malignant tumour 
may depress the cellular response. This investigation 
was undertaken to resolve certain problems: 

1. Is the immune mechanism compromised in 
oesophageal carcinoma ? 

2. What contribution is made by starvation, and 
what contribution by the tumour, to immunoparesis? 

3. Does reversal of the negative balance resulting 
from starvation affect the immune response in the 
presence of tumour? 


Patients and methods 

Fifteen Negro patients with unresectable squamous carcinoma 
involving the oesophagus from the level of the thoracic inlet 
to the tracheal bifurcation (20-32 cm from the incisor teeth) 
were investigated, The mean age of the patients was 58:4 years, 
with a range of 40—75 years. The mean weight was 48:2 kg and 
there were 14 males and 1 female patient. None of the patients 
had evidence of liver disease, nephrotic syndrome or protein- 
losing enteropathy. 

The diagnosis and localization of the tumour were estab- 
lished by barium swallow examination, oesophagoscopy and 
biopsy. The oesophagus was intubated with the Procter— 
Livingstone tube using a pulsion technique, which obviates 
the need for laparotomy and gastrotomy (Hegarty et al., 1977). 
The nutritional and immune status of 20 normal Negro 


subjects was also evaluated and these acted as age-matched 
controls. 


Evaluation of nutritional status 

The nutritional status of all patients was determined 1 week 
before intubation and thereafter up to 3 weeks following 
intubation, by which time all the patients were in positive 
nitrogen balance. Evidence of adult protein—calorie mainu- 
trition was specifically sought. Protein-calorie malnutrition 
was defined as a serum albumin level of less than 3-5 g/dl. 
weight loss of more than 9 kg (201b) and decreased food 
intake of more than 2 weeks’ duration (Law et al, 1973). 
The parameters investigated were as follows: 

1. Pre- and post-intubation weight status. 

2. Nitrogen balance, calculated by measuring the 24-h 
urinary nitrogen excretion (Lee and Hartley, 1975) and 24-h 
faecal nitrogen excretion by the macro-Kjeldahi technique. 

3. Serum albumin was measured by an automated calori- 
metric technique (Nishi and Rhoads, 1966) (the World Health 
Organization's lower limit of normal is 3:5 g/dl). 

4. Total iron binding capacity (TIBC) was determined by 
radial immunodiffusion (Hyland immunoplate). 

5. Skin-fold thickness over the triceps was measured with 
Lange skin-fold callipers. 


Alimentation protocol 

The patients were fed a hospital ward diet, providing 2500 kcal. 
This was supplemented by four packets of Vivonex (Eaton 
Laboratories) standard diet and a mineral vitamin syrup. The 
daily calorie intake was 3700 kcal and nitrogen intake 
20 g/day. 


Immune studies 

Lymphocytes were obtained from defibrinated peripheral blood 
passed through Ficoll Hypaque columns. Subpopulations of 
lymphocytes were counted in a single preparation by means 
of sheep rosette formation and an immunofluorescence method 
for detecting immunoglobulins (Brain et al., 1976). Peripheral 
lymphocytes were classified as rosetting cells (T), Ruorescing 
celis (B), cells with no markers (null) or those with both 
markers (FT). 

Phytohaemagglutinin (PHA) transformation of lymphocytes 
was performed by means of a routine method and assessed by 
incorporation of “C-thymidine into lymphocytes cultured in 
inactivated human AB serum (Parker and Lukes, 1971). 
Results were expressed as disintegrations per minute after 
uptake of "C-thymidine calculated as the arithmetical difference 
between stimulated and unstimulated uptake. 

The DNCB skin patch test was used to assess non-specific 
cellular immunity in vivo (Gross et al, 1975). The reactions 
were graded 0 for no reaction, + for erythema with induration 
less than 2cm? and ++ for erythema and induration or 
vesiculation greater than 2cm?. Reactivity to DNCB was 
assessed before therapeutic treatment and again once positive 
nitrogen balance was achieved. 

Statistical analysis of the results was performed by Student's 
f test and the Mann-Whitney U test for non-parametric data. 
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Results 

Nutritional status 

The effects of oral alimentation on the nutritional 
status of the patients are summarized in Table I. 
Before intubation all patients showed evidence of 
protein-calorie malnutrition. The mean weight was 
48 kg, with an average weight loss of 10 kg. The 
mean serum albumin level was 3-1 g/dl, the mean 
TIBC 190 ug/di and the mean daily urinary nitrogen 
loss 5g. The average daily faecal nitrogen loss was 
L3g and this remained unchanged when positive 
nitrogen balance was achieved. 

Following intubation and oral alimentation a 
mean daily positive nitrogen balance of 7g was 
achieved at 3 weeks. Other evidence of adequate 
oral intake was a mean weight increase from 48 kg 
to 531 kg, a rise in serum albumin and TIBC levels. 
Skin-fold thickness remained unchanged during this 
period. 


Immune studies 

DNCB skin patch results are summarized in Table IT. 
All control subjects showed a positive DNCB 
response, either grade + or ++. The 15 patients 
with oesophageal carcinoma showed no reaction 
whilst in negative nitrogen balance; this immuno- 
logical anergy persisted when positive balance was 
achieved. The results indicate a depression in cell 
mediated immunological responsiveness in all patients 
with oesophageal carcinoma. 

The lymphocyte response to PHA is shown in 
Table IIT; the response in patients in negative nitrogen 
balance was subnormal. With the achievement of 
positive nitrogen balance the blastogenic response to 
PHA improved significantly (Table HI) and was 
similar to that in control subjects. This result implies 
that the depression in in vitro T cell function evident 
in patients with carcinoma of the oesophagus in 
negative nitrogen balance can be reversed by the 
achievement of positive balance. 

The total lymphocyte counts and T and B lym- 
phocyte counts are shown in Table IV. Total lym- 
phocyte counts in patients before alimentation were 
lower than in control subjects and greater variability 
was present in the cancer population. With the achieve- 
ment of positive nitrogen balance lymphocyte counts 
increased, but the increase just failed to reach 
statistical significance. T lymphocyte counts were 
lower in patients in negative balance, and with the 
achievement of positive balance an increase in numbers 
was achieved which also just failed to reach statistical 
significance at the 5 per cent level. B lymphocyte 
counts in patients with carcinoma of the oesophagus 
did not differ significantly from control subjects and 
were unaffected by correction of the nutritional 
deficit. 

Null and FT cells were little altered before and after 
treatment. 


Discussion 

Depressed cell mediated immunity may be present in 
both localized and disseminated malignant disease 
and can be improved by successful surgical removal 
of the tumour (Watkins, 1973). Tumour regression 
produced by chemotherapy has been associated with 
recovery of the lymphocyte blastogenic response in 
vitro (Hersh and Oppenheim, 1967). Malnutrition can 
result in reduced immunocompetence which improves 


Table I: NUTRITIONAL STATUS: EFFECT OF 
ALIMENTATION 


Pre- Post- 

intubation intubation 
Time —1 week +3 weeks 
Nitrogen balance (g/d) —$g 7g 
Weight (kg) 48:2 51 
Serum albumin (g/l) 32:5 38-0 
TIBC (ug/d) 30 $7 
Skin-fold thickness (mm) 43 4:3 


Table Il: SKIN TEST: RESPONSE TO DNCB 
Cancer patients 


DNCB test Controls —ve balance. -- ve balance 
Grade 0 — 15 15 
4 12 — — 
dou 8 TD PUN 


Total 20 15 15 


Table HI: LYMPHOCYTE RESPONSE TO PHA OF 
CANCER PATIENTS AND CONTROLS 


Cancer Patients 


Controls — ve balance -ve balance 

(n zz 20) (n == 15) (nz: 15} 
Mean 26 905 11 019 20 004 
Range 7672-62 510 3892-20 536 7795-45 243 
s.d. 20 355 5628 13 771 
s.e. mean S088* 1780** 4355 


Expressed as stimulated minus unstimulated uptake in 
disintegration per min. 
*P<0-05; **P—0-l. 


Table IV: LYMPHOCYTE COUNTS 
Cancer patients 


-— Ve “+ ve 
Cells/mm? Controls balance balance 

Total lymphocytes Mean 2838 2406 2857 
s.d. 750 1342 1027 

P005 
T lymphocytes Mean 2013 1683 2091 
s.d. 598 896 874 

P005 
B lymphocytes Mean 666 587 627 
s.d. 229 419 228 
Null lymphocytes Mean 14i 125 132 
s.d. 99 70 50 
FT lymphocytes Mean 212 228 222 
s.d. 204 177 220 





with nutritional repletion (Law et al, 1973, 1974; 
Chandra, 1974). The use of intravenous hyper- 
alimentation in combination with surgery or chemo- 
therapy in patients with carcinoma showing evidence 
of protein-calorie malnutrition may result in an 
improvement in the delayed hypersensitivity reaction 
to DNCB with prolongation of the disease-free 
interval (Copeland et al., 1976). 

In this study all patients were malnourished and 
showed evidence of defective immunological respon- 
siveness. The mitogenic response to phytohaemag- 
glutinin was depressed and lymphocyte numbers were 
decreased. The depression in these numbers just 
failed to reach significance at the 5 per cent level. 
However, analysis of total lymphocyte counts in a 
larger sample of 75 oesophageal carcinoma patients 
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showed a significant lymphopenia (Bryer and Haffejee, 
1977). The in vivo response to DNCB skin testing was 
absent. 

Correction of protein-calorie malnutrition and the 
achievement of positive nitrogen balance was 
associated with a significant increase in the lym- 
phocyte responses to PHA. T lymphocyte numbers 
increased, but the increase just failed to reach statis- 
tical significance at the 5 per cent level. The improve- 
ment in immunological reactivity occurred without 
any attempt at therapeutic reduction in tumour bulk. 
The most likely cause of the improved immune 
response was the correction of protein-calorie 
malnutrition. 

The view that the expression of a delayed hyper- 
sensitivity skin reaction requires both immune 
lymphoid cells and monocytes (macrophages) which 
initially carry no specificity is experimentally well 
supported. Failure to reverse the in vive response to 
DNCB may imply macrophage sequestration by the 
tumour as a factor in anergy in cancer patients 
(Eccles and Alexander, 1974). Furthermore, at least 
two populations of sensitized lymphocytes able to 
respond in vitro to specific antigen have been identified. 
The dissociation between the in vivo skin testing and 
in vitro lymphocyte transformation may be explained 
by these functions being subserved by different 
subsets of T lymphocytes which may be unequally 
compromised in cancer patients (Rocklin, 1973). 

Lymphocyte responsiveness has been shown to 
quantitate aspects of the host-tumour relationship 
that affect prognosis (Burnett, 1969; Bloom et al., 
1970; Chretien et al, 1973; Mekori et al, 1974). 
High lymphocyte reactivity correlated with a favour- 
able prognosis (Mekori et al., 1974; Watkins, 1976), 
but low lymphocyte reactivity should be interpreted 
with caution (Chretien et al., 1973). Malignancy is 
the commonest cause of lymphocytopenia (Williams 
and Roberts, 1968), and positive correlation has been 
reported between peripheral lymphocyte counts and 
prognosis in carcinoma (Riesco, 1970; Papatestas and 
Kark, 1974). Immunocompetence in patients with 
carcinoma may be depressed by the presence of the 
tumour (Slade et al., 1975) or by the treatment insti- 
tuted (Mekori et al., 1974). Malnutrition as a con- 
tributing factor to immunoparesis, especially in 
alimentary tract malignancies, should not be over- 
looked. In this study T lymphocyte counts and 
lymphocyte reactivity were improved by nutritional 
repletion with the tumour in situ. 
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Results of Heller's operation for achalasia of the cardia 
N. MENZIES-GOW, J. W. P. GUMMER AND D, A. W. EDWARDS* 


SUMMARY 
A survey of 102 patients with achalasia of the cardia 


treated by cardiomyotomy is reported. The technique of 


operation was unchanged throughout and the patients 
were followed up for a maximum of 22 years. 

Only 6 patients (5-8 per cent) developed renewed 
symptoms of reflux and 7 patients (6:8 per cent) had 
peptic strictures. Over 80 per cent of the patients had 
no dysphagia or regurgitation postoperatively, but 
61 per cent still complained of achalasic pain. The 
development of. mucosal hernias after cardiomyotomy 
and the use of drinking times in the assessment of out- 
flow at the cardia are discussed. 


ACHALASIA of the cardia is an uncommon neuro- 
muscular disorder originally described by Willis in 
1672. Ernst Heller performed the first successful 
cardiomyotomy for this condition on 14 April 1913 
(Bradham and Sealy, 1967). Zaaijer modified Heller’s 
operation in 1923, using only an anterior myotomy 
instead of anterior and posterior incisions, as done by 
Heller. This Zaaijer modification of the Heller 
procedure is most often performed today. 

The results of cardiomyotomy are generally satis- 
factory but some patients have persistent or recurrent 
difficulty in swallowing or develop new symptoms of 
reflux, oesophagitis and peptic stricture. Hiatal recon- 
stitution and hiatal repair after cardiomyotomy have 
frequently been advocated to prevent gastro-oeso- 
phageal reflux (Douglas and Nicholson, 1959; 
Helsingen, 1960; Rees et al., 1970; Nemir et al., 1971; 
Black et al., 1976). 

Over the past 25 years, 102 patients have been 
treated by Heller’s operation in a unit with an interest 
in oesophageal disease. No formal hiatal repair was 
done in any of these operations. The results are 
reviewed. 


Patients and methods 

Between 1952 and 1975, 102 patients with achalasia underwent 
Heller’s operation. The patients were followed up for between 
1 and 22 years with a mean of 8 years. Of the 102 patients, 51 
were male and 51 female. The average age at operation was 
45 years, with a range of 15-82. 

The diagnosis was made on clinical and radiological grounds. 
Cineradiography was carried out by one author (D. A. W. E.) 
preoperatively and during the postoperative follow-up con- 
sultations. Routine oesophageal pressure studies and oeso- 
phagoscopy were not performed. Manometry was used in 
earlier years but was found not to contribute more than the 
appropriate radiological examination. 


Symptoms 
All the patients had had dysphagia for solids and liquids for 
periods ranging from 6 months to 46 years preoperatively, 
with an average of 7 years. Regurgitation had occurred in 96 
patients (94 per cent) and 29 patients (28 per cent) complained 
of a troublesome cough. Some of these coughs may not have 
been related to the oesophageal condition. Retrosternal pain 
or discomfort was noticed by 97 patients (95 per cent). 
Achalasic pain is not related to eating or drinking and occurs 
TM with no demonstrable gastro-oesophageal 
reflux. 

These symptoms of dysphagia, regurgitation, pain and 
cough were graded clinically as mild, moderate or severe. A 


Table 1: PREVIOUS TREATMENT 


No. of cases 
Pneumatic or mechanical oesophageal dilatation 18 
Oesophageal bouginage 11 
Transgastric dilatation 1 
Hiatus hernia repair 2 
Octy! nitrite therapy 15 
Total 47 
Table H: MISDIAGNOSIS 
No. of cases 
Nervous illness 18 
Peptic ulcer 15 
Oesophagitis 6 
Indigestion 4 


Hiatus hernia 2 
Peptic stricture 1 
Carcinoma cardia 1 
Pregnancy hyperemesis 1 
Muscle disorder i 


Total 49 


Table HI: COMPLICATIONS OF ACHALASIA 


No. pA 
Weight loss of more than 5 kg 65 63 
Sleep regurgitation 56 54 
Haematemesis and melaena 4 38 
Recurrent chest infections 3 29 
Recurrent skin ulceration 1 0-9 


similar grading was made postoperatively and any change 
recorded. Both the severity and the frequency of the pain were 
noted. 

Sixty-three patients (62 per cent) had severe preoperative 
symptoms, 38 (37 per cent) moderate symptoms and 1 (0-9 per 
cent) mild symptoms. 


Other oesophageal abnormalities 

Hiatal hernia was found in 2 patients (1-9 per cent) and in both 
it gave rise to clinical and radiological reflux. The hernias were 
repaired at the same time as the cardiomyotomy was carried out. 


Previous treatment | 
Forty-seven patients had had previous treatment (Table I). 
Two patients were wrongly diagnosed as having hiatal hernias 
and repair of these had exacerbated their symptoms. Forty- 
nine patients (48 per cent) had had a previous wrong diagnosis 
before cardiomyotomy (Table IT). 


Complications of achalasia 
These are shown in Table IH. Sixteen patients (15 per cent) 
had no complications. 


Drinking time 

This is a test of the degree of obstruction to outflow at the 
cardia (Edwards, 1971). The patient drinks 400 ml of water as 
quickly as possible while standing upright and is timed by a 
stop-watch. This is performed pre- and postoperatively and 
can be used in some patients as an indication of the improve- 
ment in outflow postoperatively. Fig. 1 records the results. 
Following cardiomyotomy all the prolonged drinking times 
reached the normal range. 
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Number of patients 


Fig. 1. Results of drinking time tests. 





Fig. 2. Barium swallow showing a large mucosal hernia at 
the site of the cardiomyotomy. 


Table IV: SYMPTOM CHANGE AFTER MYOTOMY 
Moderate Mild No symptoms 


Dysphagia liquids 


Preop. 
Postop. 


Dysphagia solids 


Preop. 
Postop. 
Regurgitation 
Preop. 
Postop. 
Cough 
Preop. 
Postop. 
Pain severity 
Preop. 
Postop. 
Pain frequency 
Preop. 
Postop. 


Severe 


Uu 
om 


4 
Time (min) 


Post-Heller's 





Table V: PEPTIC STRICTURES AFTER MYOTOMY 
Duration of 


symptoms 
preop. Years Treatment of 
(yr) post-Heller's Stricture stricture 
10 2 Severe Oesophagectomy 
12 7 Severe Ivor-Lewis resection 
6 9 Mild Dilatation 
17 10 Mild Dilatation 
11 10 None None 
3 11 Mild Dilatation 
14 12 Severe Oesophagectomy 
Operation 


All the 102 patients had a cardiomyotomy performed by one 
of the authors. The technique was unchanged throughout the 
series. A left thoracotomy excising the eighth or ninth rib was 
performed. The mediastinal pleura was opened and the 
oesophagus identified. Care was taken not to disturb the hiatal 
anatomy. A single anterior myotomy incision was made 
extending downwards into the gastric muscle for 2 cm and 
upwards into the oesophageal muscle for 6-8 cm. At the end 
of the procedure the mucosa bulged out along the whole length 
of the myotomy, and the two cut edges of the myotomy at a 
level just above the upper end of the cardiac sphincter were 
sutured to the hiatal muscle. This keeps the oesophageal 
muscle edges apart and maintains the sphincter segment in an 
intra-abdominal position. 

There were no operative deaths. There were no mucosal 
injuries nor were there any postoperative sequelae due to 
unrecognized mucosal perforation. The complications seen 
were: chest infection, 4; deep vein thrombosis,1; atrial fibril- 
lation, 1. 


Follow-up 

All the 102 patients have been followed up for an average of 8 
years. Assessment was by clinical and cineradiological criteria 
and by the drinking time test. Patients were specifically 
questioned about their swallowing of solids and liquids, 
regurgitation, pain, cough and reflux symptoms. The severity of 
the symptoms was graded as preoperatively. 


Results 

All the patients regained their previous body weight 
after surgery. Cineradiography showed postoperative 
hiatal hernias in 4 patients (3:9 per cent) in whom a 
hernia was absent preoperatively; these were demon- 
strated 2, 6, 8 and 14 years postoperatively. Of these 
4 patients, 3 progressed to peptic stricture formation 
and further surgery. 

Reflux could be demonstrated in 14 patients (13:7 
per cent) in varying positions; in 8 cases it was very 
slight and in 6 cases moderate. The onset of radio- 
logical reflux ranged from 1 to 12 years postopera- 
tively. The 6 patients with moderate reflux correspond 
to the patients who had clinical symptoms of reflux. 

Radiology showed that many of the gullets had 
decreased in size postoperatively and that they tended 
to be more active. However, if there had been no 
preoperative oesophageal activity, postoperative 
activity was very unlikely. A feature of postoperative 
radiology was the finding of mucosal herniation 
through the cardiomyotomy. This was looked for in 
the last 46 patients examined at follow-up and was 
clearly seen in 44 (95 per cent). Forty-two patients did 
not appear to have any complaints referable to this 
mucosal herniation, but in 2 patients the hernia was 
large and probably responsible for their symptoms of 
dysphagia and regurgitation. Fig. 2 shows a large 
mucosal hernia. 

The alterations in symptoms after surgery are 
recorded in Table IV. Ninety-eight patients (96 per 


cent) had no dysphagia to liquids and 83 patients (81 
per cent) no dysphagia to solids. No patient had 
severe. symptoms of dysphagia; 1 had moderate 
symptoms and the remaining 18 patients had mild 
postoperative symptoms. 

All but 6 patients (5-8 per cent) had had regurgita- 
tion preoperatively and in 47 patients (46 per cent) it 
had been severe. Only 1 patient had severe regurgita- 
tion and 86 patients (84 per cent) were free of regurgita- 
tion postoperatively. 

Twenty-nine patients (28 per cent) had had an 
initial cough, but there was a mild cough in only 15 
(14 per cent) postoperatively. Retrosternal pain or 
discomfort had occurred in 97 patients (95 per cent) 
preoperatively, but only 38 (37 per cent) were pain- 
free postoperatively. 

Eight patients have died since their cardiomyotomy. 
None of the deaths was related to the achalasia and 
the time interval following the cardiomyotomy ranged 
from 4 to 22 years. 

Six patients (5:8 per cent) developed symptoms of 
reflux oesophagitis and 5 (4-9 per cent) of these 
developed peptic strictures. An accurate history of 
reflux oesophagitis is difficult in achalasia owing to 
the presence of achalasic retrosternal pain. However, 
there was corresponding radiological evidence of 
reflux in these 6 patients. 

Seven patients (6:8 per cent), 2 of whom had no 
symptoms of reflux, developed a peptic stricture of the 
oesophagus. Table V records the details. Three of 
these patients had their strictures resected and 
remain well. These 3 patients had had a mega- 
oesophagus before the cardiomyotomy. Only 1 patient 
(0-9 per cent) developed an oesophageal carcinoma; 
this presented 8 years after the cardiomyotomy, 
which itself had been performed 16 years after the 
onset of symptoms, and developed in squamous 
epithelium in the upper third of a megaoesophagus. 


Discussion 

The patients in this survey had similar clinical features 
at presentation to those described in other published 
series (Anderson et al., 1953; Olsen et al., 1953; Black 
et al., 1976) except for the high incidence of achalasic 
pain (95 per cent). The low incidence of preoperative 
hiatal hernia compares with other series (Olsen et al., 
1953; Ellis et al., 1967). In this series there were 2 
hiatal hernias—an incidence of under 2 per cent. 

There is no satisfactory conservative medical treat- 
ment for achalasia. Some consider the result of 
conservative surgical measures no worse than those of 
surgery such as Heller's procedure. However, if 
dilatation is to be successful it is necessary to disrupt 
muscle fibres, and such measures can result in 
perforation of the oesophageal wall. Successive 
dilatations tend to become more difficult, and when 
the oesophagus is grossly enlarged, dilatation becomes 
extremely difficult. Heller’s operation is the treatment 
of choice; it is the safest and most effective procedure 
available (Barrett and Franklin, 1949). Resection of 
the oesophagus is reserved for malignancy and peptic 
strictures following cardiomyotomy. 

The appearance of mucosal herniation after a 
myotomy, as seen on cineradiography, has not been 
recorded previously. The hernia is indicative of a good 
myotomy but can give rise to symptoms if too large. 

Achalasia is an incurable condition and the purpose 
of surgery is to relieve symptoms (Le Roux and 


Results of Heller’s operation 485 


Wright, 1961; Barrett, 1964). In this series patients 
with dysphagia to solids and liquids were greatly 
improved by cardiomyotomy, with 81 per cent and 
96 per cent respectively becoming symptom-free. 
Achalasic pain is a troublesome symptom and 
difficult to treat. The patients were told preoperatively 
that their pain could persist with the same severity and 
frequency. Only 39 per cent became pain-free; 24 per 
cent were improved but 37 per cent showed no change 
in the pain symptomatology. 

Oesophageal reflux is common after cardiomy- 
otomy and an incidence of up to 50 per cent has been 
recorded (Douglas and Nicholson, 1959). It is known 
to produce peptic stricturing and hence dysphagia. 
Owing to the lack of an organized peristaltic wave in 
achalasia, any hold-up at the lower end of the oeso- 
phagus will give rise to dysphagia. 

Patients with preoperative reflux do badly after 
myotomy alone (Rees et al., 1970). Two patients in 
this series had preoperative reflux and both developed 
a stricture after cardiomyotomy. 

Hiatal repair has frequently been advocated to 
prevent postoperative reflux symptoms (Black et al., 
1976). Only 6 patients (5:8 per cent) developed symp- 
toms of reflux after cardiomyotomy and 7 patients 
(6:8 per cent) developed strictures. This compares 
favourably with other series. Poor results after cardio- 
myotomy have been correlated with a long history 
before operation (Wingfield and Karwowski, 1972). 
This was the case in this series. 
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Acute hiatal hernia with oesophageal perforation 


following Heller's operation 
P. R. FLETCHER* 


SUMMARY 

The unusual complication of acute hiatal hernia with 
oesophageal rupture following transthoracic oesophago- 
myotomy is described in 2 cases. Inadvertent disruption 
and widening of the oesophageal hiatus at the time of 
surgery coupled with increased intragastric and intra- 
abdominal pressure were the probable causes. The 
hiatus should be carefully inspected on completion of 
the myotomy and anatomical restoration performed if 
necessary in order to avoid this complication. Urgent 
surgical intervention, gastric fundal serosal patch 
repair and intravenous alimentation proved successful 
in the management of these patients. 


HiATAL hernia with or without reflux oesophagitis has 
been reported as a relatively late complication of 
oesophagomyotomy for achalasia of the cardia 
(Frobese et al., 1961), but rarely in the immediate 
postoperative period (Rees et al., 1970). The successful 
management of 2 such cases is reported. 


Case reports 

Case 1: C. B., a 36-year-old male, was admitted with a 3-year 
history of progressive dysphagia. The physical examination 
was unremarkable. A chest radiograph showed widening of the 
mediastinum with a fluid level present. Barium swallow examina- 
tion with fluoroscopy demonstrated a dilated, tortuous, atonic 
oesophagus with the typical ‘rat-tail’ deformity at the lower end 
(Fig. 1) consistent with a diagnosis of achalasia. 

No mucosal lesions were seen at oesophagoscopy. Trans- 
thoracic oesophagomyotomy was performed through the 
seventh left intercostal space. The oesophageal muscle was 
split longitudinally for approximately 7 cm, the lower end of 
the incision extending 1 cm on to the cardia. The oesophageal 
hiatus was not divided and no repair was thought to be neces- 
sary. Á nasogastric tube was not placed. 

Postoperatively he required catheterization for urinary 
retention. Four days after surgery he became dyspnoeic, cold 
and clammy. A chest radiograph showed the stomach to be in 
the left side of the chest (Fig. 2). An emergency laparotomy 
was performed and herniation of the stomach through the 
oesophageal hiatus was found. The abdominal wound was 
extended into the previous left thoracotomy incision and the 
hernia reduced. Rupture of the oesophageal mucosa through 
the oesophagomyotomy was noted. The gastric fundus was 
mobilized and sutured over the oesophageal rupture and a tube 
gastrostomy was performed. The patient was started on 
crystalline penicillin and streptomycin during the procedure 
and this therapy was continued postoperatively. 

He remained afebrile for 48h following the second 
procedure, but he then developed a temperature of 38-7 °C on 
the third day and by the following day had a swinging pyrexia, 
with the temperature up to 39-5 °C. The antibiotics were 
changed to ampicillin and after this his temperature slowly 
settled. All blood cultures proved to be sterile, 

Intravenous alimentation was started on the first post- 
operative day and continued until a Gastrografin swallow 
obtained 8 days following the second procedure showed no 
extravasation of contrast medium. Oral fuids were then 
started and he was discharged 3 weeks following this second 
operation on a normal diet. 

À barium swallow and meal done at 3 months after opera- 
tion showed free flow of barium from the oesophagus into a 


stomach completely below the diaphragm. He remains well at 
24 months after surgery. 


Case 2: R. G., a 37-year-old female, presented with a 5-vear 
history of dysphagia. Physical examination was unremarkable 
and a chest radiograph was normal. Barium swallow showed 
a dilated oesophagus with smooth narrowing of the lower end. 
No peristaltic activity was seen and a diagnosis of achalasia 
was made. 

At oesophagoscopy there was moderate dilatation of the 
oesophagus but no mucosal lesion was seen. A standard trans- 
thoracic oesophagomyotomy was performed with minimal 
mobilization of the oesophagus and without division of the 
oesophageal hiatus. No nasogastric tube was placed. Her post- 
operative course was uneventful. She was started on oral fluids 
on the second postoperative day and had progressed to a 
regular diet by the time of discharge 1 week after operation. 

The day following discharge from hospital she began 
vomiting, and this persisted for 3 days before she returned to 
hospital and was readmitted. A chest radiograph showed a 
large air-fluid level in the left chest and a Gastrografin 
swallow showed this to be the stomach (Fig. 3). 

Shortly after admission her blood pressure fell to 90/60 
mmHg and she was promptly resuscitated. Emergency 
laparotomy confirmed herniation of the proximal two-thirds 
of the stomach into the left chest through the oesophageal 
hiatus. The hiatus was incised and the stomach reduced into 
the abdomen. An area of necrosis with perforation of the 
stomach wall on the posterior aspect of the fundus was present: 
there was also rupture of the oesophageal mucosa at the site 
of the oesophagomyotomy. 

The fundus of the stomach was mobilized and the necrotic 
area on the posterior aspect invaginated and oversewn. The 
fundus of the stomach was then sutured over the oesophageal 
rupture as a serosal patch. Complementary Weinberg pyloro- 
plasty was added, a left basal chest tube placed and a tube 
gastrostomy performed. 

Her postoperative course was uneventful until the fifth day 
when her temperature rose to 40 °C. Fluid from the left chest 
drain was cultured and grew Escherichia coli sensitive to 
tetracycline, to which she responded. Blood cultures failed to 
grow any organism. 

Intravenous alimentation had been initiated from the 
second postoperative day and was maintained for 2 weeks. A 
Gastrografin swallow performed at this time showed no leak 
from the oesophagus and oral fluids were then started. As her 
diet advanced, however, particulate matter appeared in the 
chest tube. Methylene blue given by mouth appeared in the 
drainage from the chest tube, confirming the presence of an 
oesophageal- pleural fistula. Oral feeds were discontinued and 
intravenous alimentation reinstituted. She had short periods 
of swinging pyrexia during the second and fourth week follow- 
ing surgery and after this her temperature returned to normal. 

Thirty-one days following operation oral fluids were started 
again and this time there was no leak. This was confirmed by a 
barium swallow. She remains well 27 months after her second 
operation. 


Discussion 

Hiatal hernia as a late complication of the modified 
Heller operation is well known (Frobese et al., 1961), 
but acute hiatal hernia as an immediate postoperative 
complication of the oesophagomyotomy is rare (Rees 
et al., 1970). Frobese et al. (1961) suggest that hiatal 
hernia occurring in these situations is probably due 
to the disruption of the oesophageal hiatus at the 
See tro vn reer ON ena Ce ORL CoA ee QM 
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Fig. 1. Case 1. Results of barium swallow demonstrating 
achalasia of the cardia. 





Fig. 2. Case 1. Chest radiograph showing the stomach in the 
left chest. 


time of surgery and strongly recommend that 
anatomical restoration with repair of the phreno- 
oesophageal ligament be performed upon completion 
of the procedure. Ellis et al. (1967), in a follow-up of 
227 patients treated by transthoracic oesophago- 
myotomy, found 3 cases of hiatal hernia and suggested 
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Fig. 3. Case 2. Gastrografin swallow showing the stomach 
(dotted line) in the left chest. 


that reconstruction of the oesophagus is only necessary 
when there is clinical evidence of a widened oeso- 
phageal hiatus or radiographic evidence of a coexistent 
diaphragmatic hernia. Nemir et al. (1976) reported 7 
cases of postoperative hiatal herniation in a review of 
patients treated by the transabdominal route. Some 
surgeons perform hiatal herniorrhaphy after trans- 
thoracic oesophagomyotomy (Douglas and Nicholson, 
1959; Effler et al., 1971), but others do not include 
hiatal reconstruction or gastric fixation in the trans- 
thoracic approach (Ellis, 1973; Sariyanis and Mullard, 
1975). 

The acute obstruction at the cardio-oesophageal 
junction caused by herniation of the stomach into the 
chest can be expected to produce increased pressure in 
the oesophageal lumen and consequent rupture of the 
unsupported mucosa at the site of the oesophago- 
myotomy. The resulting acute mediastinitis is 
associated with a high mortality unless diagnosed and 
treated promptly (Tuttle and Barrett, 1963; Rosoff 
and White, 1974). 

Acute respiratory distress and dysphagia in the 
early postoperative period are typical symptoms of the 
condition. Erect and lateral radiographs of the chest 
should confirm the diagnosis but, where this is 
equivocal, a contrast study with either barium or 
Gastrografin will normally demonstrate the defect. 
The patient should be re-explored, the hernia reduced, 
the perforation repaired and the hiatus reconstructed. 
We were able to reduce the hernia by an abdominal 
approach only in our second patient, but a combined 
thoracoabdominal incision was required in the first 
patient in order to effect reduction. Fundal serosal 
patch, described by Thal et al. (1965), is one method of 
repairing rupture of the lower oesophagus A variety 
of methods of closing perforations of the lower 
oesophagus have been described (Nemii et al., 1976), 
but the technique utilized by Thal seems io be the most 
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direct and easiest to perform. Tube drainage of the 
left thoracic cavity is mandatory and drainage from 
the left subphrenic space may also be necessary. 
Gastrostomy is a useful adjunct and also serves to 
fix the stomach in the infradiaphragmatic position. 

Intravenous alimentation, as described by Dudrick 
et al. (1970), is now of proved value in helping to 
salvage patients with fistulas in the gastrointestinal 
tract. We believe that this regimen contributed to the 
successful management of these 2 cases. 

The massive mediastinal contamination requires 
aggressive use of antibiotics with repeated cultures 
being taken of all drainage material in order to 
monitor therapy. 

Inadvertent disruption of the oesophageal hiatus 
must have occurred at the time of operation in the 
cases reported here. The cases described by Frobese 
et al. (1961) all had sliding hiatal hernias consequent 
on complete division of the phreno-oesophageal 
ligament. Our cases both had  paraoesophageal 
hernias, the cardio-oesophageal junction remaining 
below the diaphragm, indicating that an increase in 
intragastric pressure, such as gastric dilatation, may 
have been a contributory factor. Ellis (1973) suggests 
that repair of the hiatus is only necessary in 
those cases with obvious incompetence and that 
routine hiatal herniorrhaphy as an adjunct to trans- 
thoracic oesophagomyotomy is unnecessary. How- 
ever, careful inspection of the hiatus on completion 
of the myotomy should be performed in order to 
identify those cases in which herniorrhaphy is 
necessary. Disruption of the hiatus on mobilization 
of the lower oesophagus in the abdominal approach 
will frequently necessitate hiatal repair. 
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to the origins of modern medicine and during this time 
we have always been at the forefront of technical 
developments. Fulfilling the progressive surgeon's 
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Yankauer, Poole and Frazier types are available, 
all made from specially selected medical grade plastics. 

Davol can also supply suction connecting tubes 
with multi-fit connectors and collection units. 

All instruments are supplied sterile in peel-back 
packs, and further detailed information is available on 
request. 


Dependable, 
DAVO L ® BRA health care 
products. 


. Poole 


Three-position sleeve for 
normal suction, fine suction, or 
confined areas. 

One-hand operation, with 
finger-twist control of sleeve. 
Smooth outer plastic sleeve to 
minimise chances of trauma or 
clogging. 

Adequate length for deep 
penetration. 


. Yankauer 


30 per cent greater suction than 
comparable metal instruments. 
Extra-large eyes to prevent 
clogging. 

Tough shatter-proof plastic 
facilitates use as a retractor. 
Optional vent for “finger-tip” 
control. 

Atraumatic rounded tip. 
Peripheral holes at tip to 
minimise tissue grab. 


. Frazier 


Fine aluminium shaft for bending 
into any position. 

Supplied with obturator for fast 
clearance and for bending shaft. 
Lightweight - provides control 
for responsive, positive ‘feel’ 
during delicate suction. 
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Siemens Radi-op—a universal table with movable 4 L x 4 
top. The single movable control arm anda simple E 2 B E 
toe-pedal operation gives complete mobility. The | E 
control arm smoothly positions the table to any of the 
six basic settings — quickly and with error-free selection. {i i EN E ry 


This variety of precise positions helps make any 1 SLIDE 
operating procedure smoother, speedier and more E 
efficient. 

Otherfeatures include a built-in cassette channel 
for standard radiology procedures, a completely 
sealed fluid drive hydraulic system and a positive floor 
lock system plus a range of accessories. 

For full details write to: Siemens Limited, 

Medical Group, Siemens House, Windmill Road, 
Sunbury-on-Thames, Middlesex, TW16 7HS. 
Tel: 09327 85691 


In the world of . 
electro-medicine 


Siemens has the answer 


XX Br. J. Surg. Vol. 65: July 1978 











Gall Bladder. Unobstructed access above and 
below thetable top foruse with image 
intensification. 


Proctology. Flex control provides smooth, 
effortless positioning of the patient for proctologic 
procedures. 








Lithotomy. The Radi- op table offers elevation of 
the pelvic area to provide access to the surgical 


ig site. 


ENT. Total unobstructed access to the patient by 
the surgical team. 










Kidney. Optimum table flex without use of a kidney 
elevatorfor greater patientsafety and comfort. 


Neurosurgery. Unimpeded approach bythe 
surgicalteam forall neurosurgical procedures 
performedin the sitting position. 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


m 5 trials involving 2,491 operations Resistance not a problem 
eporin was shown to significantly Ceporin has been shown not to alter 
uce the incidence of primary sepsis hospital ecology of bacteria. Whereas 
in x contaminated or potentially between 1971 and 1974 the number of 
contaminated wounds, when strains resistant to ampicillin increased 
compared with untreated controls and significantly." 
with other antibacterials and 1. Journal of Antimicrobial 
antiseptics. Chemotherapy (1975) 1, (Suppl.) 71 
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Changes in metabolism of major food components 
in patients with intrathoracic replacement of 

the oesophagus with the stomach 

K. H. LAM, T. K. LIM, J. WONG AND G. B. ONG* 


SUMMARY 

In 19 patients in whom the stomach had been used as 
an intrathoracic replacement after oesophagectomy 
the absorption of fat, carbohydrate and protein was 
studied. There is no single pattern of disturbance of 
such absorption. Protein digestion and absorption 
occur earlier and more rapidly than in normal subjects, 
probably as a result of accelerated gastric emptying. 


OESOPHAGECTOMY is the main form of treatment for 
malignancy of the oesophagus whenever the extent 
of the disease allows it. The main function of the 
oesophagus is as a conducting passage, and its 
resection is not expected to disturb the physiology 
of the upper gastrointestinal tract. However, recon- 
struction with the stomach may lead to a disturbance 
of digestion, in that the stomach becomes a tube 
instead of a reservoir. With its new position in the 
chest there is rapid passage of food through it and, 
furthermore, there is complete removal of its nerve 
supply. Thus absorption of fat, protein and carbo- 
hydrate may then be altered. The purpose of this 
study was to examine the state of fat, carbohydrate 
and protein absorption in such patients. 


Patients and methods 


Patients 

Nineteen patients who had undergone oesophagectomy for 
cancer of the oesophagus were studied. There were 16 males 
and 3 females. The mean age was 54 (range 39-65). One 
patient had had leiomyosarcoma while the rest had had 
squamous cell carcinoma. All the patients had undergone sub- 
total oesophagectomy and, for reconstruction, the stomach had 
been anastomosed to the oesophagus in the neck. In 15 patients 
the stomach lay ín the right pleural cavity, in the posterior 
mediastinum in 3 and in the anterior mediastinum in 1. In 
all patients a pyloromyotomy had been done to prevent 
gastric stasis as complete vagotomy had been achieved in all. 
The time since operation varied between the patients, ranging 
from less than | year to over 9 years (Table I). 


Table I: POSITION OF STOMACH AND 
TIME SINCE OPERATION 
Position of Years after operation 


stomach —1 1-2 2-3 4-5 5-6 6-7 7-8 9-10 
Right chest 4 3 2 1 1 2 i l 
Posterior 2 1 

mediastinum 
Anterior i 


mediastinum 


Controls 

For the purpose of setting a normal curve for the postprandial 
plasma amino acid level, 9 volunteers from the general surgical 
ward were chosen. None of them had any pathology in, or 
had undergone an operation on, the gastrointestinal tract. 
There were 7 males and 2 females. The mean age was 40 
(range 15-64). 


Controls were not used for the xylose absorption test and 
faecal fat estimation; the generally accepted normal values 
were used. 


Clinical assessment 

Each patient was admitted to hospital for the tests and was 

put on the ordinary hospital diet, which contained 60-70 g of 

protein, 200 g of carbohydrate and 70-90 g of fat, for 3 days. 
The general condition of the patients was assessed. Inquiries 

were made about their dietary and bowel habits and renal . 

function tests were carried out in all patients. 


Tests 

Faecal fat: Stools were collected over 3 consecutive days. The 
fat content for each day was estimated and the mean taken. 
Xylose absorption test: For study of carbohydrate absorption, 
the xylose absorption test was performed on a separate day 
(Varley, 1967). Having ascertained that the renal function was 
normal, the patient fasted overnight and was then given 5 g of 
d-xylose orally with a generous amount of water. The patient 
was encouraged to take water freely over the subsequent 5 h, 
during which period urine was collected. The xylose content 
in the urine specimen was estimated. 

Plasma amino acid following protein ingestion: To study 
changes in protein digestion and absorption the method de- 
scribed by Clemetson and Churchman (1955) was used. It con- 
sisted of estimation of plasma amino acid after ingestion of a 
protein meal, which was again performed on a separate day. 
The patient fasted overnight and in the morning, after a blood 
sample had been taken, the test meal was given. It consisted of 
100 g of Casilan (Glaxo), which contained 90 per cent protein 
in the form of casein made up to 560 ml with water and added 
sugar and cocoa to improve the flavour. The meal was finished 
in 15 min and the time was then noted. The patient was told 
to remain in bed for the period of the test. Further blood 
samples were taken at 4, 14, 3, 4$ and 6 h. During the test the 
patient was allowed fluid and food which did not contain 
protein. Each sample required 3 ml of blood and samples were 
placed in a tube containing 500 units of heparin and kept in 
the refrigerator. They were centrifuged as soon as possible 
and the level of «-amino-nitrogen in the separated plasma was 
estimated according to the method described by Goodwin 


(1970). 


Results 

All 19 patients were in good general condition. They 
had been eating a normal diet at home. None of the 
patients had diarrhoea or steatorrhoea, and none had 
abnormal renal function. 


Faecal fat 
The upper limit of normal faecal fat content 1s 
taken to be 7 g/day. Of the 19 patients studied, there 
were 2 whose mean daily faecal fat content over 
3 days was more than 7 g (Table II); these patients 
were passing 14:7 and 8-0 g/day respectively. It is 
interesting to note that both these patients had been 
operated on within 1 year of this study. However, 
estimation of the correlation coefficient between the 
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Hours after ingestion 
Fig. 1. Level of plasma amino acid after a protein meal. 


Table H: LEVELS OF FAECAL FAT, URINARY 
XYLOSE AND INTEGRATED AMINO ACID IN 19 
PATIENTS WHO HAD UNDERGONE 


OESOPHAGECTOMY 
Urinary Integrated 
Years after Faecal fat xylose amino acid 
operation (g/d) (mmol/5 h) (mmol h 1-3) 

«1 8-0 69 13-5 

1-1 18-3 14-4 

14-7 13-5 22:8 

2:6 12:6 13:1 

1-2 4-9 11-0 Ti 

0-9 21-2 7:3 

1-6 9.7 17-7 

1-9 7.2 13-9 

2-9 3-9 14-3 

2-3 1-9 6:3 14-7 

47 4-0 24:6 

2:7 11-6 19-4 

1-9 12:8 19:9 

4-5 1-7 10-5 9-1 

5-6 1-7 9:1 19-9 

6-7 2:8 12-7 18-5 

1-6 13.5 16:4 

T-8 1:3 74 18-3 

>» 9 1-5 9-1 21-2 

Mean -— — 16:1 
dge mean 41d 


time since operation and the faecal fat content using 
the Spearman rank correlation test failed to show 
any significant degree of correlation. 


Xylose absorption test 

The normal output of xylose in the 5-h urine collection 
is taken as 1:28 g or 8 mmol (Varley, 1967). Six 
patients vielded less than this level, all being marginally 
lower (more than 6 mmol/5 h) except 2, who yielded 
only 4 mmol/5 h (Table II). 

Using the Spearman rank correlation coefficient, 
it was shown that there was no association between 
the amount of xylose in the 5-hour urine sample and 
the time since operation or the faecal fat content. 


Plasma amino acid following protein ingestion 

The elevation in the plasma amino acid level sub- 
sequent to ingestion of a standard protein meal is 
shown in Fig. 1, where the mean curve for the 19 
patients is set against that from the 9 control subjects. 


* 


The mean fasting level of the patients (2-96 mmol/l) 
was significantly lower than that of the controls 
(3-21 mmol/l) (P< 0:05). 

In the control subjects the plasma amino acid level 
rose rapidly to about 5 mmol/l at 4 h and remained 
at about that level up to the end of the 6-h test. The 
response of the oesophagectomy patient was markedly 
different, in that the level rose to a much higher 
degree, reaching a maximum of 7 mmol/l at 14h 
and thereafter falling more rapidly than the controls 
to attain a lower level of 3-7 mmol/l at 6 h. In both 
groups the basal level was not reattained at 6 h. 

For the individual curve of each patient the area 
under the curve, above the basal level, was calculated 
(XAA) (Table Il). It reflected the amount of amino 
acid absorbed less the amount assimilated in the 
6-h period of the test. The integrated amino acid 
level (£44) was significantly higher in the patients 
(161 mmol h-! 1-1 : 1-1) than in the controls (8:8 
mmol h-! 1-! + 1-0) (P « 0-001). 

Comparing the integrated amino acid level (224.4) 
and the duration after operation using the Spearman 
rank correlation coefficient, the association just 
failed to reach significance (rs = 0447, n= 19, 
f= 2:06, P> 0-05, two-tailed test). However, a trend 
could be seen that the more time that had elapsed 
since operation, the higher the SAA. The faecal fat 
content and xylose absorption did not show any 
correlation with the 244. 


Discussion 

Faecal fat and xylose absorption test 

Both the faecal fat content and the xylose absorption 
test indicate the tolerance of the patient to these food 
components. Although abnormality was demon- 
strated in a few of our patients, the absence of correla- 
tion between the results of the two tests and the time 
since operation indicates that there is no single 
pattern of disturbance of absorption of fat and carbo- 
hydrate. Moreover, absence of clinical abnormality 
suggests that these detected biochemical abnormalities 
are not significant. 


Plasma amino acid following protein ingestion 

Although we used the method of Clemetson and 
Churchman (1955), we did not obtain the biphasic 
curve which they demonstrated in normal men and 
postpartum women. It is possible that this is due to 
subject difference; however, Adibi and Mercer (1973), 
who used albumin as the substrate, produced a 
similar curve to that of our controls. The early rise 
of the plasma level of amino acid suggests the early 
commencement of gastric emptying. This had been 
demonstrated to commence very early because, at 
10 min after a test meal, portions could be recovered 
from the jejunum (Nixon and Mawer, 1970). 

In our patients who had undergone oesophagectomy 
the most characteristic feature of the curve is the 
marked and rapid rise (Fig. 1) and the elevated 
integrated amino acid level. This can be due to either 
an increased rate of absorption of amino acid or a 
decreased rate of assimilation. Although we cannot 
rule out the latter, the former is more likely. The 
rapid fall after the peak supports this, as impaired 
assimilation would cause this part of the curve to 
level off at a higher level. It has been shown that 
digestion and absorption of protein in the intact man 
is a rapid process, reaching its maximum at about 


45 min (Adibi, 1976). We suspect that after oeso- 
phagectomy and stomach replacement this process 
is even faster, because of an increased gastric emptying 
rate which, in turn, is due to the change of position 
of the stomach and the presence of a pyloromyotomy. 

Earlier investigations showed that absorption of 
protein may be largely completed in the jejunum 
(Borgstrom et al, 1957) within 75-90 min after 
ingestion (Crane and Neuberger, 1960). However, 
Adibi and Mercer (1973) had shown that at up to 


—. 4 h fed albumin from the test meal was still detectable 


in the jejunal and ileal fluids, and that the plasma 
amino acid had not returned to its basal level. In the 
curves of both our normal subjects and those patients 
who had undergone oesophagectomy, the basal value 
was not reached by 6 h. This suggests that absorption 
was not complete at that time. Assuming that the 
rate of assimilation was the same in the two groups, 
we can conclude that the rate of absorption in the 
oesophagectomy patients was slower than that in the 
controls in the later part of the test. 

The lack of correlation. between the integrated 
amino acid level and the other tests again shows that 
there is no single pattern of disturbance of absorption 
of major food components in patients after oeso- 
phagectomy and stomach replacement. 
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Vitamins in intravenous feeding: a study of water- 
soluble vitamins and folate in critically ill patients 


receiving intravenous nutrition 
J. A. BRADLEY, R. F. J. G. KING, C. J. SCHORAH AND G. L. HILL* 


SUMMARY 
Red cell B vitamins, folate and white cell vitamin C were 
measured in a group of critically ill surgical patients 
before and following a course of intravenous nutrition. 
Patients received a widely used vitamin supplemen- 
tation regimen in the form of one ampoule of water- 
soluble vitamins daily and recommended doses of 
intramuscular folate, vitamin B,, and vitamin K weekly. 
This regimen was adequate to maintain tissue levels of 
the water-soluble vitamins and folate. Patients with 
initially low values had normal values at the end of the 
treatment period. 


IN patients who are unable to maintain their 
nutritional state by the oral route, the technique of 
intravenous nutrition provides an alternative nutrient 
supply (Dudrick et al., 1968). Although there are a 
number of well-tried intravenous feeding regimens in 
use, controversy exists in the literature about the 
relative merits of individual energy, nitrogen and 
vitamin sources (Wretlind, 1972; Alberti, 1975). All 
authors do agree, however, that whatever the regimen 
adopted, supplementation with both water-soluble 
and fat-soluble vitamins is necessary. Frank vitamin 
deficiencies have been reported in patients receiving 
intravenous nutrition without vitamins (Wardrop et 
al., 1975; Dudrick and Duke, 1976), but we have been 
unable to find data which relate quantities of admini- 
stered water-soluble vitamins to tissue levels in 
critically ill patients receiving intravenous nutrition. 

The purpose of this study was to ascertain the 
effect of a widely used regimen for the addition of 
vitamins on body stores of water-soluble vitamins and 
folate in a group of critically ill surgical patients who 
were receiving intravenous nutrition. We were 
particularly interested to know whether the addition 
to the nutrient solution of a single ampoule of multi- 
vitamin preparation was adequate to maintain 
acceptable levels of vitamins when these were initially 
within the normal range and, furthermore, whether it 
was adequate to bring initially low levels into the 
normal range. 


Patients and methods 

Twenty-six critically ill surgical patients (average age 50-9 
years, 20 males, 6 females) who were referred to us for intra- 
venous feeding were studied. Indications for intravenous 
feeding were varied and included postoperative major 
gastrointestinal surgery, e.g. proctocolectomy or oesophago- 
gastrectomy (18), enterocutaneous fistulas (4) and post- 
operative nutritional failure (4). 

The intravenous nutrition was given according to a protocol 
similar to that described by Dudrick and Duke (1976), This 
involved the administration of a mixture of 500 ml 8-5 per cent 
solution of crystalline amino acids (Freamine Il, McGaw 
Laboratories) and 500 ml 50 per cent dextrose solution to 
which was added approximately 40-50 mmol sodium, 20—40 
mmol potassium, 8-15 mmol magnesium and 12-18 mmol 
phosphate (as potassium acid salt). Each litre of this solution 


gave 1006 Kcal and 6-2 g of nitrogen and patients received 
2-4 1 daily. 

Vitamins were added to the nutrient solution in the form of 
one ampoule of multivitamin infusion (Multibionta, Merck 
Pharmaceuticals) added to the first bottle of solution each day. 
Each ampoule of multivitamin infusion contained: vitamin A, 
10 000 i.u.; vitamin B,-chloride hydrochloride, 50 mg; vitamin 
B,-5-phosphate sodium salt, 10mg; nicotinamide. 100 mg; 
pantothenyl alcohol, 25 mg; vitamin B, hydrochloride, 15 mg; 
vitamin C, 500 mg; vitamin E acetate, 5 mg. 

Additional vitamin supplementation was provided in the 
form of folic acid 15 mg. vitamin K 10 mg and vitamin B,, 
1000 ug as an intramuscular preparation on the first day of 
intravenous nutrition and thereafter once weekly. 

Blood samples (7 ml) were taken for vitamin estimations 
before and immediately after the course of intravenous 
nutrition—-on average, at 16:2 days (8-40) later. 

A group of controls (average age 51-7, 11 males, 10 females), 
who were hospital workers or patients presenting at the 
hospital with minor problems (e.g. ingrowing toenail), in 
whom there was no evidence of à nutritional disorder, also 
had blood taken for vitamin estimation. 


Vitamin estimations 

Five millilitres of each blood sample were placed in sterilized 
glass tubes containing acid-citrate-dextrose anticoagulant for 
subsequent analysis of red cell B vitamins and white cell 
vitamin C. Two millilitres of blood were collected in a 5-ml 
plastic sequestrene tube for folate analysis. Samples for all 
vitamins were handled and stored as described elsewhere 
(Smithells et al, 1976; Hill et al., 1977). 

The B group vitamins (B,, Ba, Ba) were indirectly estimated 
by methods based on the saturation of red cell enzymes with 
their vitamin cofactors. The results are expressed as the ratio 
of the enzyme activities after and before saturation of the 
enzyme with its cofactor. A high ratio indicates a deficiency 
of the cofactor and hence a deficiency of the vitamin from 
which it was derived. 

White cell (buffy layer) vitamin C was measured directly by 
a modification of the technique of Denson and Bowers (1961) 
and serum and red cell folate were assayed bacteriologically 
using Lactobacillus casei (Smithells et al., 1976). 


Statistical analysis 

Differences between the mean values for vitamin estimations 
in the control group and in patients before intravenous 
nutrition were assessed with Student's ¢ test, as variance ratios 
indicated that there were no significant differences in the 
distribution of the data in the two groups. Changes in vitamin 
measurements following intravenous nutrition were evaluated 
by comparing the changes in each patient and applying a 
paired z test. 


Results 
None of the patients showed clinical evidence of any 
vitamin deficiency before or during treatment and the 
administration of vitamins was not associated with 
adverse effects. 

Table I shows the distribution of the values (mean 
+1s.d.) in the control group and in the patients 
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Fig. 1. Levels of red cell (RBC) B vitamins, white cell (WBC) vitamin C and serum and red cell folate 
before and after a course of intravenous nutrition. The dotted line indicates the lower level of the 
93 per cent range for the control subjects. 
Table I: VITAMIN STATUS IN PATIENTS BEFORE AND AFTER INTRAVENOUS NUTRITION WITH 
VITAMIN SUPPLEMENTATION 
Red cell B vit. White cell Red blood 
B, $ B, vit. C Serum folate cell folate 
Patients. (saturation ratio) (saturation ratio) (saturation ratio) (ug/105) (ng/ml) (ng/ml) 
Controls? 
Mean 1-07 1-01 1-78 20-1 — 252 
S.d. +011 +012 +034 +81 — +125 
No. 20 2i 18 21 oe 21 
Before IVNb 
Mean p2 1-07 1-67 22-8 5-00 162 
S.d. 08 +010 +041 IB +24 4:935 
No. 15 16 16 24 i4 1i 
After IVN? 
Mean 1-05 1-00 1:38 37.6 76 EA gi 
S.d. -4-0-07 4: 0-11 021 4-164 4:35 -+100 
No. iS 16 16 24 14 on 
P (a v. b) «0-025 n.s n.s. n.s. 005 
Pbr o 0-025 n.s < 0-005 « 0-001 nS n.8. 


VN, Intravenous nutrition; vit., vitamin. 
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before and after intravenous nutrition. It can be seen 
that before intravenous nutrition, values in patients 
did not differ significantly from those in the control 
group for red cell vitamin B; and B, and white cell 
vitamin C. Values for red cell vitamin B, and folate 
were significantly lower in the patients than in the 
control group before intravenous nutrition. 

Following intravenous nutrition, the distribution of 
red cell B,, folate and serum folate was maintained 
and values for red cell B,, B, and white cell vitamin C 
were significantly improved. 

Fig. 1 shows the results of the vitamin estimations 
for individual patients before and following a course 
of intravenous nutrition. For each vitamin the broken 
line indicates the lower limit of the 95 per cent range 
in the control group. Serum folate was not measured 
in the control group and therefore we were unable to 
indicate a 95 per cent range. All values obtained were, 
however, within what we accept as the normal range 
in our laboratory. Only a small number of values for 
any of the vitamins were initially below the normal 
range and all values were eventually raised to the 
normal range, except in the case of one patient, where 
the value for red cell folate remained low. The serum 
folate value for this patient, however, was not low 
and the blood film was normal. 


Discussion 

Our results suggest that the vitamin supplementation 
we used during the course of intravenous nutrition 
was adequate to maintain tissue levels both of the 
water-soluble vitamins and folate. In the small 
number of patients with initially low vitamin values, 
these were raised to normal levels and no patients 
developed low vitamin levels following intravenous 
nutrition. There is controversy in the literature over 
the interpretation of tissue levels of vitamins. In the 
group of critically ill surgical patients examined in 
this study, however, the achievement of normal 
vitamin levels was associated with wound healing, 
closing of enterocutaneous fistulas and maintenance 
of protein nutrition. This suggests that tissue levels 
were adequate. 

The development of acute folate deficiency has 
been reported in patients receiving intravenous 
nutrition containing ethanol in the absence of folate 
supplements (Wardrop et al, 1975). None of the 
patients in our study showed a blood film suggestive 
of megaloblastic change whilst on a regimen of 
intravenous nutrition, and both red cell and serum 


folate were well maintained by the weekly folate 
supplements (15 mg intramuscularly per week). 

The water-soluble vitamins present in each ampoule 
of the preparation used are in what is generally agreed 
to be the therapeutic dose range (Recommended 
Dietary Allowances, 1968). It appears neither necessary 
nor advisable to give more than one ampoule per day, 
even to critically ill patients. 

Lastly, we would emphasize that no commercially 
available parenteral vitamin preparation is at present 
available which contains vitamin B,, vitamin K or 
folate and these must be given in addition to the other 
required vitamins. More work needs to be done to 
demonstrate that body stores of the fat-soluble 
vitamins, vitamin B,, and vitamin K, are adequate 
when seriously ill patients are being fed intravenously 
according to current recommended practice. 
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Muscle chemistry of critically ill surgical patients 


and the effects of a course of intravenous nutrition 
R. F. J. G. KING, J. P. COLLINS, D. B. MORGAN AND G. L. HILL* 


SUMMARY 

The water, electrolyte and nitrogen contents of muscle 
were measured in 15 critically ill surgical patients before 
and after a course (approximately 2 weeks) of intra- 
venous nutrition and in 8 normal individuals. 

The muscle from the surgical patients contained a 
significantly increased ratio of water to fat-free dr y 
weight (P « 0-01) due to an increase in the proportion of 
extracellular to intracellular water, and this was not 
corrected by intravenous nutrition. These changes 
could be due to an accumulation of extracellular fluid 
alone or to a loss of cell cytoplasm or a loss of whole 
muscle fibres. Intracellular chemistry was normal in the 
ill surgical patients and was not changed by intravenous 
nutrition. 


CRITICALLY ill patients have been shown to have 
abnormalities of muscle composition (Vinnars et al., 
1975). Such patients are often given intravenous 
nutrition, which has been shown to maintain a normal 
plasma composition and bring about a positive 
elemental balance (Duke and Dudrick, 1975). How- 
ever, little is known of the effect of intravenous 
nutrition on muscle composition, 

We have studied skeletal muscle chemistry in 15 
critically ill patients both before and after a course of 
intravenous nutrition and in 8 normal individuals. 


Patients and methods 

Fifteen consecutive patients who were referred to us for 
intravenous nutrition were studied. Table I shows the clinical 
details of these patients, the duration of intravenous nutrition 
and the number of calories and amount of nitrogen given. 
None of the patients took any food or fluids orally during the 
study period. All the patients had lost weight and were 
critically ill before intravenous nutrition and in 8 patients 
moderate to severe sepsis continued throughout the treatment 
period. However, all the patients showed clinical improvement 
during the course of intravenous nutrition, and, overall, the 
average weight of the group was maintained. Renal function 
was normal in all the patients. 

Intravenous nutrition was given by the Dudrick technique 
(Duke and Dudrick, 1975). The nutrient solution was a 
mixture of synthetic amino acids and dextrose with minerals 
and vitamins. It was a mixture of equal volumes of Freamine 
H (McGaw Laboratories) and 50 per cent dextrose to which 
40-50 mmol of sodium, 20-40 mmol of potassium, 8-15 mmol 
of magnesium and 12-18 mmol of phosphorus had been added 
per litre. Each 1000 ml of solution gave 42:5 gN and 1006 kcal. 
The solution was delivered through a subclavian central venous 
catheter. There were no complications attributable to the 
course of intravenous nutrition in any of the patients. 

Vitamins were given as one daily ampoule of a multivitamin 
preparation (Multibionta, Merck Laboratories) and appro- 
priate intramuscular doses of folate, vitamin K and vitamin 
B,,. 

Muscle samples were taken from the patients before intra- 
venous nutrition and again about 2 weeks later on the day 
before the intravenous nutrition course was stopped. The 
samples were taken from the vastus lateralis muscle approxi- 
mately 14-16 cm above the knee. Local anaesthetic (lignocaine 
plain, 2 per cent) was injected subcutaneously and a 1-cm 
incision was made into the skin and muscle fascia. The 
procedure of plunging the needle through the incision and 


sampling a piece of muscle took less than 20 s. The tissue was 
immediately placed in a clean plastic tube and taken to the 
laboratory where it was placed on a plastic sheet and freed of 
visible fat and connective tissue by dissection. The sample was 
then rolled to remove surface water, placed on aluminium foil 
and weighed every 15 s on a Cahn electrobalance. The rate of 
water loss was used to calculate by extrapolation the weight of 
the sample when it was removed from the container. The sample 
was frozen (—20 °C), freeze dried for 20h and dried to a 
constant weight over silica gel. The water content was 
calculated from the weight loss. Fat was extracted from the 
dried sample into distilled petroleum ether (40-60) (Flear and 
Florence, 1961), the samples were dried and reweighed and the 
fat content was calculated from the weight loss. 

The pieces of fat-free dry muscle were ground in an agate 
mortar and the powder was divided into two weighed samples, 
one, the larger, for electrolyte analysis and the other for 
nitrogen determination. 


Control patients 

These were 8 adults who were screened for malignant hyper- 
pyrexia but were found to be normal. Pieces of vastus medialis 
muscle weighing approximately 200 mg were obtained by open 
biopsy. They were cooled on ice and rolled within 15 min on 
plastic to remove excess fluid, and then frozen, freeze dried 
and stored over silica gel. Small pieces cut from the whole 
were treated and analysed in the same manner as described for 
the study patients. 


Electrolyte estimation 

An accurately weighed portion of muscle powder (about 
1-2 mg) was dissolved in 250 ul of IN HNO, and 100 ul of the 
solution were transferred to a small plastic pot and 20 ul of 
borate solution (Cotlove, 1963) were added. To the remainder 
of the solution (150 ul), 450 ul of water were added and two 
250-41 portions of this diluted solution were removed for 
analysis of magnesium, sodium and potassium. Sodium and 
potassium were measured with an EEL dual-channel flame 
photometer, magnesium was measured by atomic absorption 
spectrophotometry and chloride was measured, after neutrali- 
zation of the borate solution by ;30 ul of 7.5 N nitric acid, 
by titration with silver nitrate using silver and mercurous 
sulphate electrodes as described by Bergstrom and Hultman 
(1974). 


Water partition 

The sample content of chloride was used to partition total 
water between the intra- and extracellular compartments 
(Bergstrom and Hultman, 1974). 


Blood analvsis 

Venous blood, obtained on the same day as the biopsies, was 
analysed for sodium, potassium, magnesium, chloride, 
bicarbonate, calcium, phosphate, urea, albumin and total 
protein. 


Analytical precision 

Analytical precision was estimated by taking 10 aliquots 
weighing between 1 and 2 mg from a solution containing ions 
at concentrations similar to those in muscle. The coefficients of 
variation were 12-5 per cent for sodium, 5-8 per cent for 
chloride, 4-8 per cent for potassium and 6:5 per cent for 
magnesium. 
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Table I: DETAILS OF THE PATIENT SERIES 


Weight 


intravenous nutrition 


Age loss* Kcal gN 
Sex (D C9 Diagnosis Operation Remarks Duration (kg d^») 
F Si 10 Gastric fistula after Partial gastrectomy for Fistula closed and no 1i d postop. 64 0:40 
gastrectomy perforated gastric sepsis 
carcinoma 
F 67 43* — Crohn's colitis, very Subtotal colectomy Sepsis continued 15 d 61 0:38 
severe sepsis of throughout course of commencing 
anterior abdominal IVN 10 d postop. 
wall 
F 68 10 Pancreatitis, pancreatic Cholecystectomy, Sepsis throughout 16 d postop. 37 0-23 
pseudocyst drainage of cyst course of IVN, good 
recovery after surgical 
drainage of cyst 
F 27 5 Faecal fistula Reservoir ileostomy Fistula not closed at 14 d postop. 40 0-25 
conclusion of study 
period, moderate 
sepsis throughout 
course of IVN 
M 49 17 Pseudocyst of pancreas Drainage of pseudo- Sepsis throughout 21 d preop. 47 0-29 
with ongoing cyst course of IVN, good 
pancreatitis recovery after surgical 
drainage of cyst 
M 45 10 Carcinoma oesophagus Oesophagectomy Uneventful recovery, 11 d postop. 40 0-24 
no sepsis 
M 73 40 Carcinoma stomach Gastroenterostomy No sepsis but still 12 d preop. 46 0:29 
cachexic at conclusion 
of IVN 
M 29 29 Crohn's disease of small Fistula closed but l4 d 60 0-37 
bowel, small bowel moderate sepsis 
fistula throughout course 
of IVN 
M 40 18 Gastric fistula after Partial gastrectomy Fistula closed but much 18 d 45 0:26 
gastrectomy residual tumour commencing 
6 d postop. 
M 72 28 Carcinoma of stomach, Total gastrectomy Fistula closed but 14 d 50 0-30 
anastomotic leak moderate sepsis commencing 
throughout course of 8 d postop. 
IVN 
M 60 22 Small bowel Crohn's Fistula closed and 13d 48 0:30 
disease, small bowel patient well at 
fistula conclusion of IVN 
M 60 24 Recurrent small bowel | Adhesiotomy, intestinal Sepsis throughout course 15 d postop. 50 0-32 
obstruction plication of IVN 
M 40 20 Carcinoma stomach, Fistula closed but 13 d 53 0:33 
recurrence of gastric multiple secondary 
fistula neoplasm 
M $58 8 Gall stones, duodenal — Transduodenal Fistula closed but 26 d postop. 37 0:23 
fistula sphincterotomy moderate sepsis 
throughout course 
of IVN 
F 66 25 Carcinoma proximal Oesophagogastrectomy No complications but 12 d postop. 50 0:31 


to stomach 


slow recovery 


* Calculated as the difference between the patient's usual weight and the observed weight, 


IVN, Intravenous nutrition. 


„Statistical techniques 
The statistical significance between the control and surgical 
groups was estimated using the two-sample z test, and between 
the surgical group before and after intravenous nutrition 
using the one-sample z test. 


Results 

Whole muscle 

There was a close correlation (P 0-01) between fat- 
free dry tissue weight and sample content of nitrogen 
both in control patients (r — 0-96) and in surgical 
patients before (r — 0-94) and after (r — 0-95) intra- 
venous nutrition. The means of the ratios of nitrogen to 
fat-free dry weight in the three groups were not 
significantly different (Table IH) and their values 
indicated that nearly all the fat-free dry weight was 


protein. However, since the coefficient of variation 
for nitrogen was greater than that for fat-free dry 
weight for each analysis in these groups, all subsequent 
measurements have been expressed in relation to fat- 
free dry weight. 

The ratio of water to fat-free dry weight (FFDW) 
of muscle was significantly greater (P« 0-002) in the 
patients before intravenous nutrition (4-05 + 0-36 kg/ 
kg FFDW, Table II), than in control subjects (3:31 * 
0-13 kg/kg FFDW) and was not changed by intra- 
venous nutrition (4:10 + 0-46 kg/kg FFDW, P< 0-002). 

There was no significant difference between the 
mean ratio of potassium to fat-free dry weight in 
muscle from patients before intravenous nutrition 
(434-6 + 66:9 mmol/kg FFDW) and muscle from 
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Table Il: THE WATER, ELECTROLYTE AND NITROGEN CONTENT OF WHOLE MUSCLE 
Surgical patients 


Controls? 
Nitrogen: FFDW 1: 7-95+- 1-08 
A (n= 5) 
Total water (kg/kg FFDW) 3314013 
(n= 6) 
Potassium (mmol/kg FFDW) 403-6 +: 50-8 
aes (n= 8) 
Magnesium (mmol/kg FFDW) 34-9 4- 3-1 
i | (n = 8) 
. Sodium (mmol/kg FFDW) 141-8-- 40:2 
(n= 8) 
Chloride (mmol/kg FFDW) 114-54 19-2 
(n = 8) 


Results given as means -i-s.d. 


FFDW, Fat-free dry weight; IVN, intravenous nutrition. 


Table IIl: MUSCLE CELL COMPOSITION 


Controls? 
Extracellular water (kg/kg FFDW) 0-974041 
(n= 6) 
Intracellular water (kg/kg FFDW) 2:35--0-14 
(n — 6) 
Potassium (mM) 1654257 
(an = 6) 
Magnesium (mM) 14-3-- 1-9 
(n= 6) 
Sodium (mm) 9-01 -- 7-9 
(n 6) 
Chloride (mw) 4.33 -- 0:24 
(n= 6) 


Results given as means t s.d. 


Pre-IVN> 


I : 7-02 + 1-43 


(n= 15) 
4-05 + 0-36 
(a= 14) 
434-6 -- 66-9 
{a= 15) 
3384-53 
(n — 15) 
189-5 3-75 
{a= 14) 
153-9 -- 70-7 
{n= 14) 


Surgical patients 


Pre-IVNb 
1:38 --0-64 
{n= 14) 
2-67 4-0-48 
(n= 14) 


163:6-- 237 


{n= 14) 
12:2-28 
{n= 14) 
16:9--24-0 
(n — 14) 
4:12--0-17 
(n — 14) 


Post-IVN* 


1: 756--1:68 


(nz 15} 
4:10--0-46 
(n= 14) 
446-8 + 69-2 
(n= 15) 
332455 
(n= 15) 
185-2- 59-2 
(n == 13) 
158-9 -- 50-4 
{n= 14) 


Post-IV N* 


1354047 
(n= 14) 
2-76 -- 0-34 
(n — 14) 
161 2-32 
(n 14) 
11-54-27 
(n= 14) 
12:1-- 17.0 
{a= 13) 
4174+018 
maip 


a v. b 
n.s. 


<< 0-002 


ag. b 
<0-02 


n.s. 


n.s. 


P 
a v.c 


n.s. 
«0-002 
H.S. 


ns. 


P 
à p.c 


«0-01 
«0-02 
TLS. 


«0-05 


HE 
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bic 
n.s8. 


n.s. 
n.s. 
n.s. 
n.s. 


ns. 


brc 
n.s. 


tS. 
n.s., 
n.s. 
R.S. 


n.s. 


Table IV: OBSERVED CHANGES IN WATER AND ELECTROLYTES OF MUSCLE COMPARED TO CHANGES 
PREDICTED ON THE BASIS OF FOUR POSSIBLE EXPLANATIONS OF AN INCREASED RATIO OF 
EXTRACELLULAR WATER TO FAT-FREE DRY WEIGHT 


Primary increase 
in extracellular 
fuid 
{no cells lost) 
Water : FFDW High 
Extracellular fluid : FFDW High 
Intracellular fluid : FFDW Normal 
Extracellular fluid : intracellular High 
fluid 

Potassium : FFDW Normal 
Potassium : intracellular fluid Normal 
Sodium : FFDW High 
Sodium : intracellular fluid Normal 
Sodium -potassium : Normal 


intracellular fluid 


Loss of whole cells 
(extracellular fluid 
replaces cells lost) 


High 
High 


Normal 


High 


Normal 


Normal 
High 

Normal 
Normal 


Loss of cell 


contents 


High 
High 
Normal 


High 


Normal 
Normal 
High 

Normal 
Normal 


Loss of cell 

protein 

(no fluid change) Observed 
High High 
High High 
High Normal/high 
Normal High 
High Normal 
Normal Normal 
High High 
Normal Normal 
Normal Normal 


Sn NLC LCL ALC TT ITN AOI HH Le isi erit AE teer RH AMBHHUN Errata PU AIT EPI INDIA HUI Ae Mae pe sp PANEM HUMBU HA E taa 
Normal, indicating no change in the measurement compared to controls; high, indicating an increase in a ratio or 
concentration compared to controls; low, indicating a decrease in a ratio or concentration compared to controls, 


control  subiects 


muscle from the three groups (Table II). 


The mean ratio of both sodium and chloride to fat- 
free dry weight in muscle from patients before 
intravenous nutrition was greater than that found in 
control muscle (Table II). There was no significant 


(403-6 + 50-8 mmol/kg  FFDW) 
(Table II). Intravenous nutrition did not alter the 
ratio. Similarly, there was no significant difference in 
the mean ratio of magnesium to fat-free dry weight in 


Extracellular water 
Table HI shows the ratio of water to fat-free dry 
weight separately for the intra- and extracellular 
compartments. The mean ratio of extracellular water 


to fat-free dry weight of muscle from patients before 


change in the ratio of these ions to fat-free dry weight 


in muscle from patients after intravenous nutrition, 
but the mean ratio of chloride to fat-free dry weight 
was then significantly greater than that in control 


muscle (P « 0-05). 


Muscle cells 
The mean ratio of intracellular water to fat-free dry 
weight in muscle from patients before intravenous 
nutrition was greater than that in controls (Table HI). 


intravenous nutrition was significantly greater than 
that found in control muscle (P<0-02, Table IIl). 
This ratio remained high after intravenous nutrition 
(P<0-01, Table HD). 
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Intravenous nutrition did not change the ratio of 
intracellular water to fat-free dry weight significantly 
and the ratio after intravenous nutrition was also 
significantly greater than in the control group 
(P« 0:02). 

There was no significant difference between the 
mean intracellular. concentration. of potassium in 
muscle from patients before intravenous nutrition and 
muscle from control subjects (Table HI). Intravenous 
nutrition did not alter these findings. Similarly, there 
was no difference in the intracellular concentration of 
magnesium in the muscle of patients before intra- 
venous nutrition and of controls, but the mean intra- 
cellular concentration of magnesium from patients' 
muscle after intravenous nutrition (11-5 2-7 mM) 
was significantly less than that of the control group 
(143+ 1-9 mM, P «0:05). 

The intracellular concentration of sodium in 
muscle of patients before or after intravenous 
nutrition was not significantly different from that in 
the control group (Table III). The mean intracellular 
chloride concentration, however, was significantly 
less in muscle from patients before intravenous 
nutrition than in control muscle (P «0-05, Table IIl). 
There was no significant change in the mean intra- 
cellular concentration of chloride in the muscle of 
patients after intravenous nutrition (Table HI). 


Discussion 

An increased ratio of extracellular water to fat-free 
dry weight has been demonstrated in critically ill 
patients by Vinnars et al. (1975). Our results confirm 
this finding and, in addition, show that this abnor- 
mality is not corrected by intravenous nutrition, even 
when clinical improvement is seen. 

This change in the ratio of water to fat-free dry 
weight could in general be due to an absolute increase 
in tissue water or an absolute loss of tissue protein. 
We have considered four discrete possibilities which 
could account for this change and these are indicated 
as column headings in Table IV. The predicted effects 
of these events on the ratios of water and of certain 
electrolytes to fat-free dry weight and the intra- 
cellular concentration of these electrolytes are listed 
in Table IV. Our observations are consistent only 
with three of these possibilities. They are (a) a primary 
increase in extracellular fluid with no change in the 
number of cells; (5) loss of whole cells and replace- 
ment with extracellular fluid; and (c) loss of cell 
contents. Loss of cell protein is unlikely to have 
occurred, since this would have produced a change in 
the ratio of potassium to fat-free dry weight and this 
was not seen. Similarly, if potassium and protein were 
lost together, this would have produced a change in 
intracellular potassium, which likewise was not seen. 
The loss of whole muscle cells (the second possibility) 
seems unlikely, however, for muscle fibre dissolution 
has been observed only in association with profound 
emaciation (Keys et al., 1950) and none of our patients 
had suffered weight loss of this degree. The first and 
third possibilities are equally supported by our 
Observations. This is consistent with the body 


composition studies of Moore et al. (1963), who have 
shown increased extracellular fluid in the critically ill, 
and also consistent with histological studies showing a 
reduction in muscle fibre diameter in severe starvation 
in both animals and man (Keys et al., 1950). 

Although it is disappointing that the ratio of muscle 
water to fat-free dry weight had not returned to 
normal at the end of the course of intravenous 
nutrition, this is not surprising in view of the fact that 
sepsis was still present in half of the patients, and our 
previous studies of sepsis have shown that body water 
retention is a feature of this form of therapy (Hill 
et al., 1977). 

We are not aware of any previous study of muscle 
chemistry in patients receiving intravenous nutrition. 
To the nutrient solution used we have added sodium, 
potassium, chloride, phosphate and magnesium in 
amounts which approximate those recommended by 
Dudrick (Duke and Dudrick, 1975). Throughout the 
study, in all the patients plasma levels of these 
elements were kept within the normal range and it is 
reassuring to know as well that their intracellular 
chemistry was not different from that of the normal 
subjects. Intracellular magnesium levels may have 
been lower at the end of the course of intravenous 
nutrition, although this finding may merely reflect 
increased intracellular water. None of the patients had 
hypomagnesaemia and none showed any clinical 
evidence of magnesium deficiency. 
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Effect of gastrointestinal hormone infusions on lower 
oesophageal competence of Rhesus monkeys 


A. R. MOOSSA, A. W. HALL, R. 
AND D. B. SKINNER 


SUMMARY 
The lower oesophageal high pressure zone (HPZ) was 
studied in 5 non-refluxing and 3 refluxing Rhesus 
monkeys. The changes in HPZ and reflux status in 
response to infusion of various doses of secretin, chole- 
cystokinin and glucagon were measured in all animals, 
and, in the 5 non-refluxing monkeys, after oesophago- 
gastrectomy with replacement of the lower oesophagus 
by a stomach tube. All three hormones consistently 
produced a transient decrease in the HPZ pressure. The 
only change in response following oesophagogastrec- 
tomy and gastric tube replacement was asignificant delay 
in the response to each hormone. Neither hormone infusion 
nor operation altered gastro-oesophageal reflux status. 
It appears that lower oesophageal competence in 
primates is more dependent on the presence of a narrow, 
muscular, intra-abdominal tube than on a specialized 
segment of the lower oesophagus. 


THE gastro-oesophageal junction of primates is 
morphologically and functionally similar to that of 
man. No sphincter can be demonstrated anatomically, 
but an intraluminal high pressure zone (HPZ) can be 
shown manometrically. This area relaxes in response 
to swallowing and HPZ pressure is significantly higher 
in non-refluxing than in refluxing monkeys (Moossa 
et al., 1973). Previous work indicates that the HPZ 
responds consistently, but transiently, to pentagastrin 
infusion and that these changes do not alter the 
animal’s reflux status. Excision of the lower 
oesophagus and its replacement with a stomach tube 
does not change the manometric findings in the 
resting or pentagastrin-stimulated state. Reflux status 
is, likewise, unaltered (Moossa et al., 1977). 

To increase the understanding of humoral action 
upon the lower oesophagus, the response to constant 
infusions of secretin, cholecystokinin and glucagon 
was assessed. Studies were carried out in refluxing 
and non-refluxing animals and were repeated after 
excision of the gastro-oesophageal junction in the 
non-refluxing group. 


Materials and methods 

Eight healthy male Rhesus monkeys (weight 4-3-7-9 kg) were 
fasted overnight, with free access to water, before each investi- 
gation. The characteristics of the lower oesophageal HPZ for 
each animal were obtained by manometry and acid reflux 
testing. The pressure profile was studied using a continuously 
perfused, triple lumen catheter with end holes 5 cm apart. 
This was pulled through the HPZ in a stepwise fashion, 
pressures being recorded, via transducers, on a direct-writing, 
multichannel recorder. Two such pullthroughs were performed 
on each occasion, giving 6 readings for HPZ pressure. 

The presence of gastro-oesophageal reflux was determined 
by placing a Beckman intestinal pH electrode (no. 39042) 
3cm proximal to the upper limit of the manometrically 
demonstrated HPZ. Reflux was recorded if an oesophageal pH 
of less than 4 was shown at rest or after ten manual abdominal 
compressions. Readings were taken in the fasting state and 
after the introduction of hydrochloric acid (100 mmol/l, 
7 ml/kg body weight). As 4 episodes of reflux could be observed 
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in a sequence of tests, a numerical score out of 4 was given. 
Each monkey was studied, under baseline conditions, on three 
separate occasions. Thus, 18 pressure traces of the HPZ were 
obtained and a maximum of 12 reflux episodes could be 
recorded in each monkey. 

A detailed account of the equipment and methods used has 
been previously reported (Moossa et al., 1977). 


Hormone infusion studies 

The above studies were repeated on separate days during con- 
tinuous intravenous infusion of secretin (GIH Karolinska) at 
rates of 2 clinical units (U)kg ^? h^! and 6UKkg *!h^!, chole- 
cystokinin (GIH Karolinska) at rates of 0-5 U kg"! h-t and 
1:5 U kg^! h^! and glucagon (Lilly) at rates of 0-5 ug kg^! h^! 
and L:5ugkg^!h'^!. An intravenous infusion of saline was 
first started and two pullthroughs plus acid reflux tests were 
performed. The hormone was then infused at a constant rate 
using a Harvard pump. At 3, 6, 10, 15, 20, 30, 40, 50 and 60 min 
after commencement of the hormone infusion the sequence of 
tests was repeated. 


Operation 

In the 5 non-refluxing monkeys a proximal oesophagogastrec- 
tomy was performed through an oblique left thoracoabdominal 
incision under phencyclidine (Sernylan) anaesthesia. A tube 
was fashioned from the lesser curve of the stomach and 
anastomosed end-to-end with the oesophagus just above the 
diaphragm. The infradiaphragmatic portion of this ‘neo- 
oesophagus’ was 3-3-5cm in length. No gastric wrap was 
performed. All tests were repeated after a 3-week recovery 
period. 


Analysis of data | 

The HPZ pressure was taken to be the difference between the 
mean pressure at the highest plateau in the lower oesophageal 
tracing and the mean intragastric pressure, Fluctuations as a 
result of swallowing or movement were excluded in the 
calculation of the values. The basal HPZ pressure for a given 
animal was calculated as the arithmetic mean of the 18 
experimentally determined readings. The number of reflux 
episodes during testing was summated and a score greater 
than 2 out of a possible 12 deemed pathological. 

For the hormone infusion experiments the mean of the 6 
pre-infusion values was taken as the baseline. All subsequent 
readings were compared with this and expressed both in 
absolute terms and as a percentage of baseline. 

Changes between the preoperative and postoperative phases 
of the experiment for the entire group, both basal and hormone- 
stimulated, were assessed by Student's paired ¢ test. Those 
between phases in the same animal, between groups of monkeys 
and between basal and stimulated readings during hormone 
infusion within an individual, were assessed by the unpaired ¢ 
test. P values of 0-05 or less were considered significant. 


Results 


Baseline investigations 


The resting pressure within the HPZ for the group 
of 8 monkeys was 8-37+0-72 mmHg (mean x s.e. 
mean). Reflux testing showed that 3 monkeys ex- 
hibited reflux and 5 did not. For the 5 non-refluxing 
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action may be affected in patients with impaired liver 
function. Until further information is available, Temgesic 
should be used with caution in patients receiving 
monoamine oxidase inhibitors, and it is not at present 
recommended during pregnancy. Temgesic Injection 
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Overdosage. Temgesic has a very wide safety margin, 
and clinical experience has shown that doses well in 
excess of those recommended can be administered 
without untoward effect. Should respiratory depression 
occur to a clinically undesirable degree, supportive 
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ventilation and oxygenation. 

The effects of buprenorphine are not reversed by 
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Table 1: EFFECT OF SECRETIN INFUSION ON THE LOWER OESOPHAGEAL HPZ IN RHESUS MONKEYS 
WITH AND WITHOUT GASTRO-OESOPHAGEAL REFLUX 


2 U kg ho 
No 
reflux Reflux 

Baseline pressure (mmHg) 9-46 0-78 6-68 + 0-66 
Pressure at time of maximum 8-4.- 0-72 6:0] 0-7 

depression (mmHg) 
Lowest HPZ value (as % 89 4-2-7 901-7 

baseline) | 
Maximum depression (mmHg) 106403 0-66-4007 
Time of maximum depression 4t 1:7 733133 


(min) 


Dose of secretin infused 


6 U kg h^ 
No 

t P reflux Reflux t P 
2.43 «01 9-22--0-76 | 6:37.-0-54 2-43 «Q1 
2321 <0] 855-078 5794-048 2:52 «0-05* 
0.19 ns. 92 +.1-3 88 --0-35 24 «o1 
D0 ns. 0-67.-0-09 0784-006 | 0:83 ns. 
0:85 ns. 7-04-13 10-0-- 0-0 178 ns 





Values given as mean -+ s.e. mean. 
* Significant value. 


Table Hi: COMPARISON OF THE EFFECTS OF SECRETIN INFUSIONS ON 5 NON-REFLUXING ANIMALS 


BEFORE AND AFTER OESOPHAGOGASTRECTOMY 


Dose of secretin infused 


2U ke ho 6 U kg^ h” 

Parameter Prop... , Posop ... * . P. . _ Prop... PONO - ou 
Lowest value of HPZ pressure 8-40-72 8-57 +.0-67 0-66 ns 8-55+0-78 8 68+1-0 043 ns 

(mmHg) : 
Lowest value (as 75 baseline) 89-428 92 :- 0-81 101 ns 92413 93-15 Q4 ns 
Maximum fall of HPZ pressure 106-403 0-75 -- 0-11 0-98 ns. 0-67--0-09  0:65.-0-07 021 ns 

(mmHg) 
Time of maximum depression 9-4--p7 13:0-- 123 b56 ns 704-13 130-4123 671 «0-005 

HPZ pressure (min) | 
Values given as mean-i-s.e. mean. 
Table Hi: EFFECT OF CHOLECYSTOKININ INFUSIONS ON THE LOWER OESOPHAGEAL HPZ IN 
MONKEYS WITH AND WITHOUT GASTRO-OESOPHAGEAL REFLUX 

Dose of cholecystokinin infused | 
0-5 U kg! h^ 1-5 U kg h^ 
No No 
reflux Reflux t P reflux Reflux t P 

Baseline pressure (mmHg) 9-5-- 0:85 6:66 :- 0.61 234 «01 9.39083 674064 2:24 «01 
Pressure at time of maximum 7:72 3- 1:04 $37 2- 0-25 1-67 ns. 71-.09.-0.84 393.033 2-76 « 0-05* 

depression (mmHg) | 
Lowest HPZ value (as % — 80 --4-5 8143-5 021 ns 75-3 59 41- 2-3 3-63 « 0-02* 

baseline) 
Maximum depression (mmHg) 17023 1-29--0:34 12 ns 23402 2764-037 p24 ns 
Time of maximum depression 76-10 60-0 1-23 ns 7-63- 1-0 6674067 067 ns 


(min) 





Values given as mean - s.e. mean. 
* Significant values. 


noted. Pressure within this zone was no different 
from that within the preoperative HPZ (941+ 
0-8 mmHg before, 9:42+0-78 mmHg afterwards; 
t = 0-055, not significant by the paired z test). As 
preoperatively, no animal refluxed acid into the lower 
oesophagus on testing. | 


Effects of secretin 

Infusion of 2 U kg~! h of secretin caused a lowering 
of distal oesophageal pressure in all animals. The 
depression was only statistically significant in one 
monkey and that only at 6 and 10 min after com- 
mencement of the infusion. At 6 U kg h~ no one 
monkey showed a significant response. For the entire 
group at 2 U kg! h^! a statistically significant drop 
in pressure was noted (using the paired z test) at 3 
(P « 0-05), 6 (P 0-005) and 10 min (P «0:05). In all 
cases recordings had returned to baseline by 15 min 
and remained there for the rest of the hour (Fig. 1). 


An identical response for the group was seen at the 
higher dose rate. Details of the maximal pressure 
changes and a comparison of the effects at the two 
doses are shown in Table I. For the whole group no 
difference was seen between the effect of the two 
doses, either when expressed as absolute depression 
below baseline or when the lowest point was given 
as a percentage of baseline. 

Table 1I shows the effect of oesophagogastrectomy 
on the changes caused by secretin infusion. The 
response was similar in magnitude, but was delayed 
at both dosages, the difference in timing being 
significant at the higher infusion rate (P« 0:005). 
Again, alterations from baseline were only noted 
when the group was considered as a whole; in no 
individual animal was the change significant at either 
dose. As preoperatively, the effect was not dose- 
dependent, within the range tested, with respect to 
degree of response or its timing. 


502 A. R. Moossa et al. 


Table IV: COMPARISON OF THE EFFECTS OF CHOLECYSTOKININ ON 5 NON-REFLUXING ANIMALS 


BEFORE AND AFTER OESOPHAGOGASTRECTOMY 


0-5 U kg! h^! 
Parameter Preop. Postop. 
Lowest value of HPZ pressure 7.72410 7.19 .- 0-84 
(mmHg) 
Lowest value (as ° baseline) 802-4: 5 7545 
Maximum fall in HPZ pressure 1774+023 2:29 4-0-36 
(mmHg) 
Time of maximum depression of 764 1-0 14-0-- 1:0 
HPZ (min) 


Dose of cholecystokinin infused 


PS5 U kg h-t 
t P Preop. Postop. t P 
145 nns. 7.09--0-84 6764-068 0-85 n.s. 
L26 ns 75-3 724-1:6 125 ms. 
1:38 nes. 2:3 - 0-19 2:67 --0-31 1-74 na. 
3-6 «0-025 7:6 2- 1-0 16-0-- 1:0 9-64 «0-001 





Values given as mean -i-s.e. mean, 


Table V: EFFECT OF GLUCAGON INFUSION ON THE LOWER OESOPHAGEAL HPZ IN MONKEYS WITH 


AND WITHOUT GASTRO-OESOPHAGEAL REFLUX 


Dose of glucagon infused 


Q5 U kg h 15 U kg h 
No No 
reflux Reflux t P reflux Reflux f P 

Baseline pressure (mmHg) 9-4 -0-8 6:63--0-5 2:46 | —0-05* — 9-.533.-0.73 67404 2-78 «(Qr 05* 
Pressure at time of maximum 7-67 40-71 4-96 40-72 2:52 <0-05* 7-62--0-075 473.034 2-88 «.0-05* 

depression (mmHg) 
Lowest HPZ value (as 7; 81-- 1-9 74-- 5:2 163 ns 79 3-2-6 7142-2 2:25 «0-01 

baseline) 
Maximum depression (mmHg) 1-73 +-0-18 1-68 4.0-25 Q-18 ns 191-018 1974-026 0-21 ns 
Time of maximum depression 10-0--0 867-13 1-08 ns 10-00 10-040 — — 


(min) 


Values given as mean s.e. mean. 
* Significant values. 


Table VI: COMPARISON OF THE EFFECTS OF GLUCAGON ON 5 NON-REFLUXING ANIMALS BEFORE 


AND AFTER OESOPHAGOGASTRECTOMY 


0-5 U kgh 
Parameter Preop. Postop. 
Lowest value of HPZ pressure 7-67 0:71 7-84--0-75 
(mmHg) 
Lowest value (as °4 baseline) 81-- L9 823-7 
Maximum fall in HPZ pressure 1-73 =- 0-18 l:69--0-35 
(mmHg) 
Time of maximum depression of 10-040 16-0-- 1:87 
HPZ (min) 


Values given as mean t: s.e. mean. 
* Significant values. 


Effects of cholecystokinin 

When cholecystokinin was infused at 0-5 U kg h? 
into intact animals, depression of the pressure 
recorded in the lower oesophagus occurred in all. In 
5 monkeys the change was significant at 6 and 10 min 
after commencement of administration, while at the 
higher dose rate of 1-5 U Kg^h^ there was a 
significant response after the same time intevval in all 
8 animals. In every case, at both dosages, the effect 
had disappeared by 20 min and did not return within 
1 h. For the group of 8 animals a significant depression 
below baseline was found at 3, 6 and 10 min of 
infusion with both concentrations (Fig. 2). Details of 
the maximal pressure changes, their timing and a 
comparison of refluxing and non-refluxing animals are 
set out in Table LIT. 

Unlike secretin, with cholecystokinin the higher 
dose produced a significantly greater response, both 
when considered as a percentage of baseline (80-4 + 
3 per cent for 0-5 U ke h-!, 69-0: 3-5 per cent for 
1:5 U kg h; ¢ 2:95, P 0-025) and as an absolute 


Dose of glucagon infused 


165 U kgh 
1 P Preop. Postop. Hh P 
0-56 ns. 762-075  679.-0.068 1-9 n.s 
023 ns. 794-26 71423 ^ «Ort 
016 nus. 191018 2724028 20 «o1 
321 «0:05 10-0--0 18.01.23 6°53 «:0-005* 


depression (1:59 - 0-2 mmHg as opposed to 2-47 
0-19 mmHg; ¢ = 3:48, P< 0-01). 

After oesophagogastrectomy a significant response 
to 0-5 U kg" h^! occurred in 4 out of 5 animals, while 
at the higher infusion rate an effect was produced in 
all monkeys. The degree of response for the group and 
its timing are shown in Table IV together with a 
comparison of the changes before and after the 
operation. A similar reduction in lower ‘oesophageal’ 
pressure was noted but this was seen at a significantly 
later time in the course of the infusion (P « 0-001). 
Within the sensitivity of the experiment, the effect no 
longer appeared to be dose-dependent and was again 
transient, being complete by 20 min. As shown 
in Table IV, the timing was similar at both dose 
levels. 


Effects of glucagon 

The infusion of glucagon at 0-5 ug kg^! h- caused a 
fall in the pressure recorded in the lower oesophageal 
HPZ in the intact animal. In 5 animals this was 
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significant at 6 and 10 min. At 1-5 ug kg h^! all the 
monkeys showed a statistically significant response. 
With both doses the effect had disappeared by 15 min. 
For the group of 8 animals a significant reduction in 
lower oesophageal pressure below baseline was noted 
at 6 and 10 min after commencement of the infusion. 
This fall was followed at 20-30 min of infusion by a 
slight rise which, because of its consistency, reached 
statistical significance (Fig. 3). By the end of the hour 
of study this rise had also disappeared and pressures 
had returned to baseline. Details of the maximal drop 
in pressure and its timing are shown in Table V, which 
compares the changes in refluxing and non-refluxing 
animals. As with secretin, no significant difference 
existed between the effects of the two doses. 
Oesophagogastrectomy caused little change in the 
response except with respect to its timing. All 8 
animals showed a significant depression with 1-5 Ukg^! 
h-t but only 3 were so affected by the lower dose. 


Details of the alterations for the whole group together - 


with a comparison with the preoperative effects are 
shown in Table VI. Again, no change in the magnitude 
of the depression was noted but the alteration in 
timing is statistically significant (P « 0-05 at 0-5 U kg^! 
h^! and P «0-005 at 1-5 U kg^! h-t). After oesophago- 
gastrectomy the elevation in HPZ pressure, which had 
followed the fall preoperatively, was no longer noted. 
Both dose levels caused a maximal response after the 
same time interval and again there was no statistical 
difference between the changes caused by the two 
infusion rates. 


Effect of hormone infusion on gastro-oesophageal 
reflux status 

No change in reflux status occurred in any animal 
during infusion of any of the three hormones at either 
dose rate. Operative intervention did not change the 
competence of the lower oesophagus in either the 
baseline or stimulated state. 


Discussion 
The maintenance of gastro-oesophageal competence 
probably depends on several factors. Man has no 
anatomically demonstrable lower oesophageal 
sphincter and a degree of gastro-oesophageal reflux 
has been shown to be normal (Johnson and De Meester, 
1974). Refluxed material is rapidly returned to the 
stomach by gravity and oesophageal peristalsis. Work 
from this laboratory has shown a comparable situa- 
tion in the Rhesus monkey. In both man and primates 
an intraluminal zone of increased pressure at the 
lower end of the oesophagus can be identified by 
pullthrough manometry. The pressure recorded in 
this area varies greatly, but in monkeys exhibiting 
gastro-oesophageal reflux it is lower (6°63+0-51 
mmHg ts.e. mean) than in those with a competent 
gastro-oesophageal junction (8:02 € 0-35 mmHg, 
P<0-005) (Fig. 4). Examination of a large human 
population shows similar findings (Moossa and 
Skinner, 1976), but in both species the overlap is great. 
Edwards (1973) suggested that secretin release in 
response to a meal reduced the lower oesophageal 
pressure and caused postprandial reflux. While lower- 
ing HPZ pressure with drugs does increase reflux (Hall 
et al., 1975), we have been unable to demonstrate any 
change in reflux status with hormone infusion. 
Excision of the lower oesophageal HPZ and its 
replacement with a narrow gastric tube results in the 
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formation of an area of elevated pressure, within 
the substitute, virtually indistinguishable from the 
extirpated HPZ. This zone responds like the lower 
oesophagus, both in the resting state and in response 
to hormone infusion; differences do exist, but are 
qualitative rather than quantitative. Recently Moossa 
et al. (1977) reported this postoperative ‘lower 
oesophageal’ pressure to be slightly, but significantly, 
higher than the preoperative readings in the same 
model. It was hypothesized that the gastric tube was 
slightly narrower than the oesophagus in that 
particular series. In the present experiments the pre- 
and postoperative results are the same, probably 
indicating a looser tube formation. In spite of this, it 
still acts in a ‘physiological’ manner. 

The ‘gastroplasty’ operation was developed by 
Collis (1957) for cases of early oesophageal stricture 
(amenable to dilatation), associated with oesophageal 
shortening. It consisted of intraoperative dilatation of 
the stricture and the construction of a long, narrow 
intra-abdominal tube from the lesser curvature of the 
stomach. This prevented gastro-oesophageal reflux. 
Success was attributed to the restoration of an acute 
angle of His below the diaphragm but, experimentally, 
excision of the fundus did not alter manometrically 
demonstrable HPZ or reflux status of Rhesus 
monkeys, even though an obtuse gastro-oesophageal 
angle was created (Moossa et al., 1973). Both our 
present model and the Collis’ gastroplasty had a 
substantial length of intra-abdominal ‘neo-oesophagus’ 
fashioned from the lesser curve of the stomach. The 
three widely used, successful anti-reflux procedures 
(Hill gastropexy, Belsey mark IV repair and Nissen 
fundoplication) have in common the establishment 
and maintenance of a length of oesophagus below 
the diaphragm, suggesting the importance of this 
feature. 

The only significant change found, postoperatively, 
in our experiments was a delay in the response to 
hormone infusion and a reduced relaxation. on 
swallowing. When assessing these differences, the 
possible effects of the vagotomy, of necessity per- 
formed during gastrectomy, must be considered. No 
increase in gastro-oesophageal reflux was noted on 
abdominal compression; this is at variance with the 
findings of Clarke et al. (1965) but in keeping with 
later work (Mazur et al, 1973). It appears unlikely 
that the vagus has a marked effect on gastro- 
oesophageal competence, at least in this experimental 
situation. The possibility that the postoesophago- 
gastrectomy HPZ is a form of denervation hyper- 
sensitivity deserves mention. While it would be 
something of a coincidence if pre- and postoperative 
pressure elevations were almost identical in all animals, 
this cannot be excluded. The effect of pentagastrin 
infusion, which would be predicted to cause à 
prolonged elevation, appears to mitigate against this, 
as does the failure of cholecystokinin infusion to 
cause a permanent reduction by competitive inhibition. 
Denervation hypersensitivity does not seem to have 
played a major part in the response at the dose levels 
tested. 

The role of gastrointestinal hormones in the 
prevention of gastro-oesophageal reflux is contro- 
versial. Bolus injections have been shown to affect 
the HPZ in a transient manner (Resin et al, 1973; 
Hogan et al, 1975). Our experiments with chole- 
cystokinin, secretin, glucagon and pentagastrin show 
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that continuous infusions, likewise, produce only a 
transient response. Previous observations (Moossa 
et al., 1973) with cholecystokinin failed to reveal any 
change in HPZ pressure because of a delay of 10-15 
min before making the first recordings. 

Since gastrin and pentagastrin stimulate the lower 
oesophagus, it was predictable that cholecystokinin 
would inhibit it. Because of their structural similarity 
they probably share a common receptor site, and it 
has been postulated that cholecystokinin acts by 
blocking the action of circulating gastrin. Secretin 
and glucagon are also structurally similar, but their 
exact mode of action has yet to be demonstrated. 
Secretin has been shown to modify the dose-response 
curve of lower oesophageal muscle to cholecystokinin 
and gastrin in vitro (Cohen, 1974) and glucagon 
affects. the lower oesophageal HPZ response to 
pentagastrin in vivo (Jaffer et al., 1974). 

Before reaching conclusions on the basis of experi- 
mental work, it is essential that the relationship be 
considered between the doses given and the levels 
which might be expected in nature. Unfortunately no 
data are available for secretin, cholecystokinin or 
glucagon in the Rhesus monkey, but work in the dog 
and man does allow some inferences to be made. 
Secretin infusion has been shown to produce maximal 
secretory effects between 2-7 and 6:0 U kg-t h^! but 
changes occurring above 1-5 U kgh are not 
significant (Farooq et al., 1974; Hacki et al., 1977). 
Thus, our lower dose is at the upper end of the 
response range and the higher, definitely supra- 
maximal. These facts possibly explain the lack of dose- 
dependent effects, but peak response occurred after 
the same interval with both doses. The doses of 
cholecystokinin were well within the physiological 
range determined by Debas et al. (1975) for both 
gastric emptying, inhibitory and cholecystokinetic 
actions of the hormone (a D,, of 3 U kg h-!). More- 
over, they were able to obtain similar effects by 
infusions of L-tryptophan, a potent releaser of the 
endogenous hormone. The ‘physiological’ range for 
glucagon is more difficult to determine. Thus, Hicks 
and Turnberg (1974) felt that 0-3 ug kg h^! gave 
plasma levels at the upper limit of the normal range, 
but found that 0-6 ug kgh- had a maximal effect 
on intestinal ion transport—a dose giving a steady 
state plasma level of two to three times normal. 
Christiansen et al. (1976) found that a much higher 
infusion rate of 1:64 ug kg! h-t gave a half-maximal 
inhibition of the pentagastrin response. They stated 
(from their own findings) that this gave serum levels 
comparable with those found after a protein meal. 
While these conflicting data are confusing, the lower 
dose used in our experiments (0-5 ug kg h} 
appears to lie at the upper end of the physiological 
range. The higher dose rate would have caused serum 
levels at, or above, the maximum possible after a 
large protein meal. 

In a Rhesus monkey model only a transient response 
occurs to continued infusion of stimulatory (Moossa 
etal., 1977) or inhibitory hormones. This suggests either 
that compensation occurs by other factors, humoral 
or neural, or that saturation rapidly supervenes. 
Whichever is the case, it seems unlikely that a change 
in the circulating level of these hormones has a 
significant effect on normal lower oesophageal 
function. 


Conclusions 

The lower oesophageal HPZ of the Rhesus monkey 
responds in a characteristic manner to cholecystokinin, 
secretin and glucagon infusions. The changes in each 
case are transient, despite continued administration. 
Oesophagogastrectomy and the interposition of a 
narrow gastric tube with an adequate intra-abdominal 
segment does not materially affect the manometric 
findings, the reflux status of the animal or its response 
to hormones. The physiological function of the lower 
oesophagus is more dependent on the presence of an 
intra-abdominal muscular tube than on any true 
sphincter under humoral control. Competence of the 
reflux-preventing mechanism (whatever its nature) is 
not affected by continuous infusion of secretin, chole- 
cystokinin or glucagon within the range tested. 
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Heterotopic mediastinal goitre 


D. C. NWAFO" 


SUMMARY 

The unusual coexistence in a woman of 34 years of a 
cervical thyroid and a heterotopic mediastinal thyroid 
is recorded. Both thyroids had undergone non-toxic 
nodular enlargement. Recurrent enlargement was noted 
in the cervical gland 12 months after transpleural 
thoracic removal of the mediastinal goitre, whilst no 
corresponding change has so far been noted in the 
mediastinum. The literature on heterotopic thyroid is 
briefly reviewed and the diagnosis discussed. 


A FUNCTIONALLY active thyroid may be found any- 
where along its path of embryologic descent from the 
root of the tongue to the diaphragm (Willis, 1958). 
Among the rare ectopic sites reported are intra- 
tracheal (Thoren, 1947) and  intraoesophageal 
(Postlethwaite and Detmer, 1975). Ectopic thyroid 
tissue found in the mediastinum may have no demon- 
strable connection with the thyroid in the neck (Rives, 
1947), and the blood supply may come exclusively 
from the mediastinum. In the past, aberrant thyroid 
tissue was generally believed to function only after 
removal of the normal cervical thyroid (Rogers, 1955). 
The use of radioactive iodine methods has demon- 
strated, however, not only that heterotopic thyroids 
do function but also that they may exceptionally be the 
only functioning thyroid tissue. This paper records a 
patient harbouring both a heterotopic mediastinal and 
a normally placed cervical thyroid, both of which had 
undergone non-toxic nodular enlargement. Recurrent 
enlargement was observed in the cervical thyroid 
remnant 12 months after transpleural thoracic removal 
of the heterotopic mediastinal goitre. No correspond- 
ing recurrence has so far been observed in the 
mediastinum. 


Case report 
E. U., a 34-year-old mother of seven children, was admitted to 
the University of Nigeria Teaching Hospital, Enugu, on 20 
Oct. 1976 complaining of a dry, unproductive cough, precordial 
pain and progressive dyspnoea for 12 months. There was no 
haemoptysis or dysphagia. In 1972 a nodular goitre had been 
enucleated at another hospital. A chest radiograph (Fig. 1) 
showed a predominantly right-sided anterior mediastinal mass. 
Clinical examination revealed the scar of a short thyroid- 
ectomy incision and no other abnormalities. Bronchoscopy 
showed slight anteroposterior compression of the trachea, but 
was otherwise normal. Fluoroscopy was uninformative and 
tomography revealed cystic areas in the mass and only scanty 
calcification. Blood investigations were normal. A transbrachial 
aortogram had to be abandoned as introduction of the catheter 
into the aortic root was followed by fast atrial fibrillation. At 
mediastinoscopy (8 Nov. 1976) the superior surface of a firm, 
solid anterior mediastinal mass, close by the great vessels was 
felt. There was no connection with the thyroid remnant in the 
neck. Because of its vascularity, no biopsy of the mass was done. 
At right thoracotomy (22 Nov. 1976), a large, lobulated and 
fleshy mass, nearly ovoid in shape, was found filling almost the 
entire anterior mediastinum. It was well encapsulated and 
highly vascular on its surface. The feeding vessels came from 
the aorta through the capsule. There was no demonstrable 
connection to the thyroid in the neck. The capsule was incised 
anterior to the phrenic nerve and the mass enucleated through 
a well-marked plane of cleavage anterior to the great vessels. 





Fig. 1. Anteroposterior chest radiograph showing a 
heterotopic anterior mediastinal goitre. 





Fig. 2. Anteroposterior chest radiograph of the same patient 
12 months after transthoracic removal of the goitre 
(no recurrence noted). 


Á 
* Cardiothoracic Surgical Unit, Department of Surgery, 
University of Nigeria, Enugu Campus, Enugu, Nigeria. 
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Following this the anaesthetist reported less difficulty with 
ventilation. Recovery was uneventful. Histological examina- 
tion of the specimen confirmed the diagnosis of colloid goitre. 
The patient has since remained symptom-free. At follow-up 
12 months later in September 1977 a nodular goitre was once 
more felt in the neck but a chest radiograph (Fig. 2) showed no 
intrathoracic recurrence. 


Discussion 

Earlier reports of heterotopic mediastinal goitres have 
stressed the rarity of the condition. Out of 17 716 
thyroidectomies collected from the literature by Mora 
(1944) there were only 128 wholly intrathoracic 
thyroids, to which he added 2 of his own. The 
present case is the only wholly intrathoracic goitre 
noted in 356 thyroidectomies at this hospital during 
the 7-year period 1970-7. The incidence accords well 
with the well-known rarity of the condition. Like most 
heterotopic mediastinal goitres, in this case it was 
situated anteriorly. Whatever their position, they are 
subject to the same disorders as the normally placed 
cervical thyroid. Malignant and toxic changes have 
been described (Fish and Moore, 1963) and bleeding 
may occur from their vascular surface, but, as in this 
case, it is pressure from the goitre with dysphagia or 
dyspnoea which is most likely to draw attention to 
their existence. 

More commonly, a heterotopic mediastinal goitre 
is symptomless and presents as a chance finding on a 
chest radiograph. It must then be distinguished from 
other mediastinal masses—especially teratomas, 
thymic tumours or aneurysms. Unless facilities are 
available for radioactive iodine studies with scanning 
of the mediastinum (Swedenburg et al., 1955; Dundas, 
1964), the diagnosis, as in the present case, must be 
made at thoracotomy. The appropriate treatment 


would be total resection followed by replacement 
therapy with thyroxin. However, in Nigeria and in 
other countries of comparable development, such an 
operation could prove disastrous, since it would be 
difficult to ensure that the patients took thyroxin post- 
operatively. In that circumstance, routine employ- 
ment of this test in the preoperative assessment of 
a mediastinal mass is advisable since it may help 
to avoid total resection of a mediastinal thyroid 
should it prove to be the patient’s only functioning 
thyroid. 
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Thyroglossal cysts in children 
R. J. BRERETON AND ELIZABETH SYMONDS* 


SUMMARY 

Of 69 cases of midline cervical swelling in children, the 
correct diagnosis was made in only 38 (55 per cent). 
Fifty cases of thyroglossal cyst or abscess were treated 
and 38 per cent suffered recurrence. Apart from 
failures in diagnosis, the main reasons for preventable 
recurrence were delay in surgery, failure to resect part 
of the body of the hyoid bone and a tendency to excise 
that portion of the duct above the level of the hyoid 
with insufficient surrounding muscle. In cases without 
florid abscess formation, the aim should be to perform 
a radical operation as soon as possible, then cure can 
be guaranteed at the first operation. Recurrence may 
occur many years after an apparent cure. Cysts in the 
submental region are not often recognized as being of 
thyroglossal duct origin. 


IN 1906 Schlange first practised resection of the 
median portion of the hyoid bone when attempting to 
remove thyroglossal duct remnants (Clute and Cattell, 
1930), and it is over 50 years since Sistrunk (1920, 
1928) described his operations and claimed that all 
patients so treated would be cured. In Britain not 
all surgeons believe that a radical operation is 
necessary; we therefore decided to review the treat- 
ment of children at this hospital, for we were suspicious 
that the results fell short of the 100 per cent cure rate 
claimed by Sistrunk, 


Patients and methods 

During the 11-year period from the beginning of 1964 to the 
end of 1974, 53 children were treated for thyroglossal duct 
remnants. Three children could not be traced, and the 
experience with the other 50 forms the material of this retro- 
spective review. Three children had undergone initial treat- 
ment elsewhere and were referred for the treatment of trouble- 
some recurrences. One child presented with a discharging 
sinus, the other 49 with a cyst or an abscess near the midline 
of the neck. 

The usual procedure for radical removal was a modification 
of the second operation described by Sistrunk (1928). With 
the neck extended, an incision is made in a skin crease and the 
cyst dissected from the platysma and fascia to the level of the 
hyoid. A central section of the body, 2 or 3 mm wide, is 
removed from the hyoid bone and the thyroglossal duct is 
traced to the foramen caecum. The duct is ‘cored out’ from the 
tongue with a culT of the surrounding muscle. The cyst, the 
resected part of the hyoid bone and the attached muscle are 
removed en bloc. In this series, methylene blue was not injected 
and intrabuccal palpation for the foramen caecum was not 
employed; it was not thought necessary to reconstitute the 
divided hyoid bone. 

Several children with recurrence developed a sinus or fistula, 
and attempts were made to study the anatomy by way of 
sinography in a few patients. A variety of radio-opaque 
materials was used, but radiography was unhelpful in every 
case. 


Results 

The distribution of ages at presentation (Table I) 
may have been influenced by the fact that most 
infants in the area would have been referred to Alder 
Hey Hospital for treatment, whereas more of the 
older children would have been treated in hospitals 


Table 1: AGE AND SEX DISTRIBUTION 


Age at presentation Male Female Total 
Less than 2 yr 6 5 11 
2-5 vr 13 5 18 
5-10 yr 9 a 16 
Over 10 yr* 2 3 5 
Total 30 20 50 


* All the children were less than 15 years of age when first seen. 


Table H: DISTRIBUTION OF 19 CHILDREN 
WITH RECURRENCES 


Age at presentation Male Female Total 
Less than 2 yr 3 3 6 
2-5 vr 7 1 8 
5—10 yr 2 1 3 
Over 10 yr — 2 2 
Total 12 7 19 





Table HI: TIME FROM PREVIOUS OPERATION TO 
PRESENTATION WITH RECURRENCE 


Incision 
and Exploration 
Time interval drainage Excision only 
Immediate — 1 — 
(less than 1 wk) 
1-4 wk 2 1 ~— 
4-12 wk 4 6 — 
3 mth to ] yr 3 4 i 
1-2 yr m 1 1 
2-3 yr i 4 — 
3-4 yr — — pes 
4-5 yr — 2 — 





One case had to be excluded from the series when we 
discovered that the patient had had the cyst removed 

10 years previously. She had been asymptomatic during the 
intervening years. 


nearer to their homes. Five children presented during 
the first year of life, 1 with a cyst at 8 months of age, 
1 with a discharging sinus at 7 months, 1 at 5 months 
with a cervical abscess, 1 at 2 weeks with a sub- 
mandibular abscess and 1 had the cyst present at 
birth. 

Nineteen (38 per cent) of the 50 children shared 31 
recurrences (Table II); 4 had 2 recurrences, 2 had 3, 
recurrences and 1 had 5 recurrences. T 

Incision and drainage was the first operation in 8 
of the 19 patients that developed recurrence; recur- 
rence followed in every case, although sometimes 
this took a long time to become obvious (Table III). 
Of the 8, 7 were cured at the second operation, 
which was the radical procedure described above. 
In the eighth, the lesion had been diagnosed as an 
infected dermoid cyst and three operations were 
performed before the true nature of the swelling 
became apparent. Four children presented with a 
RR NS IMIS eek ne a MEOS 
* Department of Paediatric Surgery, Alder Hey Children’s 
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cervical abscess whereas 4 developed florid infection 
following diagnosis and whilst awaiting surgery. 

In the other 11 children who developed recurrence 
the first operation was some form of local excision or 
exploration. In 9 the body of the hyoid was not 
resected, and 7 of these patients developed recur- 
rence. In 2 cases the central part of the hyoid bone 
was removed but the suprahyoid portion of the duct 
was not, and both developed recurrence. These cysts 
are subject to periods of spontaneous regression, 
and in 2 children exploration was performed during 
the quiescent phase. The cyst could not be found in 
either and, needless to say, both developed a recur- 
rence, one very rapidly as an abscess and the other 
as a fistula after an asymptomatic period of a year. 

The radical operation was the first operation in 
28 cases, and all were cured in as much as none has 
developed a recurrence up to the time of review. 

Infants under the age of 5 years formed 58 per cent 
of the total series but suffered 74 per cent of the 
recurrences. This suggests that the younger children 
are more prone to recurrence, but this difference was 
not statistically significant (y? = 2-14, P 0-10). 

Five children (10 per cent) presented with a cyst 
above the level of the hyoid bone, and 4 of these 
shared 11 (35-5 per cent) of the recurrences, but this 
recurrence rate was not significantly different from 
that of the group with cysts arising at or below the 
level of the hyoid bone. 

There was a suggestion that boys were more prone 
to repeated recurrence than girls, but again the 
difference was not significant (P> 0-10). 

In 12 cases the diagnosis was missed at first presenta- 
tion; 4 were thought to be dermoid cysts, 4 simple 
abscesses, 3 lymph nodes and 1 an enlarged salivary 
gland. Only in 3 cases was the correct diagnosis made 
at the time of surgery. Of these 12, 10 developed at 
least one recurrence. 

The significance of infection in these cases is 
difficult to assess, since many had been treated with 
antibiotics, some on several occasions, before referral 
to hospital. Sixteen cases had florid infection before 
any surgery, and in the group of 28 cured by the 
Sistrunk operation as the primary procedure, there 
were 6 such cases. Two of these were prescribed 
preoperative antibiotics, whereas 4 were given post- 
operative antibiotics only. All 6 made an uneventful 
recovery. 

During the 11-year period, the diagnosis of thyro- 
glossal cyst was incorrectly made in 18 children. The 
true diagnosis was dermoid cyst in 9, brachial sinus 
in 3, lymph nodes in 3 and simple abscess in 3. 


Discussion 

' The diagnosis of thyroglossal cyst should be con- 
sidered in any child with a swelling or abscess near 
to the midline from symphysis menti to the supra- 
sternal notch (Gross, 1953). Thyroglossal cysts are in 
fact the most frequent cause of anterior cervical 
swelling in childhood (Moussatos and Baffes, 1963), 
but even so, such swellings are not common. 

Brown and Judd (1961) reported their results with 
the Sistrunk operation and stated that a vertical 
incision should not be used, that not to remove the 
central part of the body of the hyoid bone was to 
invite recurrence, that no ill effects accrue from leavi ng 
the ends of the divided hyoid bone far apart and that 


the duct above the hyoid should be excised together 
with the surrounding muscle to the foramen caecum. 
It is necessary to excise the muscle since the tract may 
have side branches of a few millimetres in length 
(Gross, 1953). 

We agree with Pollock and Stevenson (1966) that 
the inflamed cyst should not be incised unless abso- 
lutely necessary because the definitive operation is 
easier in the absence of scar tissue or a cutaneous 
fistula from previous surgery. In some cases the 
inflammation will subside spontaneously, and in 
others it can be aborted with antibiotics. We suggest 
that most of these cysts have some degree of infection 
or inflammation present at the time of onset, and 
that all children with these cysts should be admitted 
for surgery as soon as possible after diagnosis. In 
this respect we disagree with Gross (1953), who 
considered that in some cases ‘it hardly seems worth 
while removing them'. 

In the event of recurrence, any local treatment — 
curettage, cautery, or injection of sclerosants—is 
without value (Clute and Cattell, 1930; Gross, 1953). 
Radical surgery is required, and if part of the body 
of the hyoid bone has been removed, then more 
should be resected along with a block of muscle from 
the hyoid to the foramen caecum. 

Contrary to the recommendation of Sistrunk (1928), 
in the absence of florid infection, a drain need not be 
inserted provided that good haemostasis has been 
secured (Guimaraes et al., 1972). If properly executed 
with the use of diathermy coagulation of small vessels, 
the Sistrunk operation should be free from major 
complication. 

By adopting the above recommendations and treat- 
ing these children before the onset of obvious infec- 
tion, cure could be effected at the first operation in 
nearly all cases, whereas in this series 38 per cent 
of the children required more than one operation 
to obtain relief. Once a radical operation of the 
type described by Sistrunk had been performed, 
every child was cured. 
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Multiple congenital aneurysms in childhood: 


report of a case 
D. W. SHORT* 


SUMMARY 

This paper reports the case of a girl who, at the age of 
7 years, presented with a saccular aneurysm of a 
brachial artery. Over the following 8 years a further 15 
aneurysms appeared, involving limb and visceral 
arteries and the aorta. Some, but not all, of these 
aneurysms have been operated upon. Complications 
included renovascular hypertension due to bilateral 
intrarenal aneurysms, She had been followed up for 15 
years, 

Three other similar cases have been found in the 
medical literature, and these are also referred to. In 
two of these cases the affected persons also exhibited 
some of the other connective tissue anomalies associated 
with the Ehlers-Danlos syndrome. These were not 
present in our patient. The relationship between the 
syndrome of multiple congenital aneurysms and the 
Ehlers-Danlos syndrome is discussed. 


CONGENITAL aneurysms due to intrinsic defects in the 
arterial wall are rare. They usually develop during 
childhood and adolescence, but their presence may 
not be recognized until adulthood. The aneurysms 
may be single or multiple, and both peripheral and 
visceral arteries may be involved. 

When multiple aneurysms are present a generalized 
disorder of connective tissue should be suspected, for 
from the few reports available in the medical literature 
(q.v.), it would appear that in some cases the affected 
persons also have clinical evidence of skin and joint 
abnormalities consistent with the Ehlers-Danlos 
syndrome. 

The following case of multiple congenital aneurysms 
in childhood concerns a girl who, at the age of 7, 
presented with a saccular aneurysm of the left brachial 
artery. Ten years later the number of aneurysms 
known to have been present had risen to 16 (Fig. 1). 
The clinical progression of her illness bears a resem- 
blance to other cases reported in the literature but 
without any evidence of her having any of the other 
connective tissue abnormalities presently associated 
with the Ehlers-Danlos syndrome. 


Case report 

E. W. was 7 years old when, in 1962, she was referred to 
hospital because of a pulsatile swelling in her left antecubital 
fossa (Fig. 2). On examination, a second aneurysm was present 
in the left brachial artery at mid-arm level. It was also noted 
that her right leg and foot were shorter when compared with 
the opposite side. No cause for this was found and she reported 
that it produced no disability apart from difficulty in obtaining 
suitable footwear. Otherwise she was a healthy girl of normal 
size for her age and there was no history of previous illnesses. 
There was no family history of arterial disease and her elder 
sister was physically normal. Both aneurysms were excised 
with repair of the arteries by direct suture. 

In 1966 she reported back with two other saccular aneurysms 
in the right brachial artery at mid-arm level; these were also 
excised, the gap in the brachial artery being bridged with an 
autogenous vein graft. Two years later she returned with a 
bilocular aneurysm in the right brachial artery at the elbow. 
As this aneurysm was symptomless a watching policy was 


[962 Left brachial—resected 


Left brachial bifurcation—resected 


1966 — Right brachial (2)--resected 


1968 — Right brachial bifurcation 


1970 Left popliteal trifurcation (3)—resected 


1970 intrarenal (3) 
Infrarenal aorta 
Right common iliac 


Right popliteal (thrombosed) 





Fig. 1. Known aneurysms in chronological order. 


pursued. The aneurysm has now 'healed' by spontaneous 
thrombosis and 11 years later it is non-pulsatile and scarcely 
palpable. 

In 1970 she returned with a painful pulsatile swelling 
behind her left knee. A femoral arteriogram showed three 
saccular aneurysms involving the distal popliteal artery and 
its branches (Fig. 3) and also an incipient aneurysm in the 
distal femoral artery (Fig. 4). The two aneurysms in the distal 
popliteal artery were excised and the artery repaired with an 
onlay vein patch. The aneurysm involving the anterior tibial 
artery was not explored. At the time of admission for opera- 
tion, it was noted that her blood pressure, which previously 
was in the region of 100/65 mmHg, was now 150/110 mmHg. 
As renovascular hypertension was suspected, renal function 
tests, including intravenous pyelography, isotope renogram 
and creatinine clearance, were performed. These showed no 
significant abnormality, but a subsequent aortogram (Fig. 5) 
showed that there were bilateral infrarenal aneurysms, a distal 
aortic aneurysm and a right common iliac aneurysm. Serial 
films showed no evidence of aneurysm in any of the other 
abdominal visceral arteries, but when the contrast medium 
was followed down into the lower limb, it was apparent that 
on the right side there was a diffuse popliteal aneurysm which 
had thrombosed. (It is assumed that gradual occlusion of this 
aneurysm during the period of active growth was responsible 
for the shortening of her right leg.) 

At this stage it was decided that, owing to the presence of 
bilateral renal involvement, resection of the aorto-iliac 
bifurcation with insertion of a prosthetic graft should be 
postponed, and she was placed on antihypertensive drug 
therapy (methyldopa) with a good immediate response. On a 
subsequent attendance 18 months later, however, her blood , 
pressure had risen to 210/150 mmHg. A repeat isotope reno- 
gram was grossly abnormal on the right side with a lag curve 
consistent with renovascular hypertension. This was accom- 
panied by an abnormal intravenous pyelogram on the right 
side and impaired creatinine clearance. The hypertension was 
controlled by a change in drug therapy. 

The patient is now 21 and married. On medical grounds 
sterilization was advised and she agreed to this. Apart from 
avoidance of strenuous exercise she has lived a normal, 
unrestricted life and was, until her marriage, employed as a 
secretary. With antihypertensive therapy her blood pressure has 
been stabilized at 140/100 mmHg and renal function is within 
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Fig. 2. Arteriogram (1962): aneurysm 
involving brachial bifurcation. 


Fig. 3. Arteriogram (1970): multiple aneurysms 
behind the left knee. 


normal limits. No new aneurysms have become apparent in 
the past 6 years but there is evidence that the aortic and iliac 
aneurysms left in situ (Fig. 4) are slowly increasing in size. 
Meanwhile she is being kept under observation but may have 
to be reconsidered for resection of these aneurysms. 

There is no clinical or pathological evidence that this patient 
has a generalized connective tissue disorder in keeping with a 
diagnosis of Ehlers-Danlos syndrome. Her joints are supple 
but not abnormally so and there is no hyperextensibility of the 
skin. Surgical wounds have healed normally and arterial 





Fig. 4. Arteriogram (1970): incipient 
aneurysm of the left femoral artery. 





Fig. 5. Aortogram (1970): multiple aortorenal aneurysms, 
aortic aneurysms and right common iliac aneurysm. 


punctures have not produced excessive bleeding. Six years ago 
she sustained severe bruising of her right forearm when she 
fell against the side of a swimming pool but this was an 
isolated event. At the time of resection of the double aneurysms 
in the right brachial artery a portion of apparently normal 
artery between the two aneurysms was sent for pathological 
examination and no definite histological abnormality could be 
found. Repeated skin biopsies when examined by light or 
electron microscopy have shown no recognizable morpho- 
logical abnormality in the connective tissue. 


Discussion 

Review of the literature 

Reports of three other cases of multiple congenital 
aneurysms have been found in the literature and these 
are described briefly. In two of these, the patients had, 
in a mild form, some of the other connective tissue 
defects associated with the Ehlers-Danlos syndrome. 
In the third case these features were apparently absent. 

1. Imahori et al. (1969) described what appears to 
be the first case of Ehlers-Danlos syndrome with 
multiple aneurysms. It concerned a woman with a life- 
long history of bruising readily, and subsequently it 
was noticed that her skin was thin and delicate and 
that there was slight hyperflexity of her fingers and 
wrist, Over a period of several years she developed 
a carotid-cavernous fistula, multiple peripheral 
aneurysms and rupture of medium-sized arteries. She 
died at the age of 42, following rupture of a splenic 
aneurysm. Multiple visceral aneurysms were found at 
autopsy, and histological examination showed con- 
sistent and widespread connective tissue defects, 
principally in the collagen. The arterial lesions were 
attributed to similar structural abnormalities in the 
media of the muscular arteries. (This case is unusual 
in that the presenting feature was the carotid- 
cavernous fistula at the age of 36 and the other 
features of an Ehlers-Danlos syndrome do not appear 
to have been recognized before this.) 

2. Burnett et al. (1973) reported the case of a girl 
who, at the age of 8, attended hospital with a saccular 
aneurysm of the left brachial artery and a hitherto 
unsuspected aneurysm in the right antecubital fossa. 
The aneurysm of the left brachial artery was resected. 
At the age of 17 she was referred to another hospital 
with a pulsatile and enlarging abdominal mass. On 
examination it was noted that her skin was thin with 
gaping of the scar from the previous operation. The 
aneurysm noted in the antecubital fossa had not 
increased in size. There was moderate hyperflexity of 
her fingers and wrists and she admitted to a bruising 
tendency. Aortography confirmed the presence of two 
saccular aneurysms of the aorta and these were 
resected with insertion of a Dacron bifurcation graft. 
Histological examination of the resected aorta showed 
defects in the quantity and structural formation of the 
elastic fibres when compared with a normal aorta. 
The authors reported this as the first recognized case 
of a major vascular abnormality in the benign form 
of the Ehlers-Danlos syndrome, and indicated that 
surgical management of the vascular complications 
should be considered in these cases. 

3. Williams (1975) reported a case of multiple 
aneurysms in childhood without, however, any 
reference to the  Ehlers-Danlos syndrome. His 
patient was a 5-year-old boy who was being investi- 
gated for a recurrent respiratory infection and hyper- 
tension. On examination it was noted that he had 
multiple aneurysms involving both radial arteries and 
the left brachial artery. An aortogram at that time 
showed double renal arteries on the left side with 
stenosis of the upper artery, aneurysm of the right 
renal artery and saccular aneurysms of the infrarenal 
aorta and common iliac arteries. His hypertension 
was controlled with methyldopa and he remained well 
until the age of 12, when he developed haematuria 
after minor trauma. A repeat aortogram demon- 
strated multiple infrarenal aneurysms in the left 
kidney. At operation, he had a left nephrectomy and 
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resection of the aorto-iliac aneurysms with insertion 
of a prosthetic graft. Histological examination was 
limited to the left renal artery and was reported as 
follows: 


Renal artery showed normal internal elastic lamina, but 
fibres in the media were distorted; outer third of the media 
replaced by collagen; increase in muco-polysaccharide in the 
media. Appearances were of the 'subadventitial fibrosis’ type 
of fibromuscular hyperplasia. No cause was found in changes 
which involved other arteries throughout the body. 


(The clinical and pathological information available 
is insufficient to make comments about the possibility 
of this patient also having a mild form of the Ehlers- 
Danlos syndrome.) 

These three cases, with the new case reported in full 
above, have a number of interesting features in 
common. With the exception of the case reported by 
Imahori et al. (1969), in which peripheral saccular 
aneurysms were not detected until she had acute 
symptoms from the carotid-cavernous fistula at the 
age of 36, the age of onset in the others ranged from 
5 to 8 years. In all cases these aneurysms were first 
apparent in the brachial or radial arteries, and as 
further aneurysms developed in the limbs they tended 
to show a symmetrical distribution. Three out of the 
four patients subsequently developed aortic aneurysms 
and two also had renal aneurysms. It also appeared 
that the disease progressed rapidly during the period 
of active growth until adolescence, when the condition 
stabilized, although large established aneurysms 
continued to expand for haemodynamic reasons. In 
the two cases in whom the Ehlers-Danlos syndrome 
was diagnosed, it was a mild form and not readily 
recognized. Resection of aortic aneurysms, when 
carried out, was successful and did not pose problems 
regarding tissue fragility or bleeding tendency. In the 
case reported, the aortic aneurysm has not, as yet, 
been resected because of the presence of bilateral 
renal aneurysms. 


Ehlers- Danlos syndrome 
Ehlers’ (1901) original description was of a patient 
with abnormal elasticity of the skin, unusual hyper- 
extensibility of the joints and a tendency to excessive 
bruising. As further cases were reported in the 
literature it was apparent that the clinical picture 
varied considerably from patient to patient and that 
other manifestations, e.g. rupture of arteries, varicose 
veins or involvement of internal organs, could be 
present. The exact nature of the underlying pathology 
was also indeterminate. Defects in the quantity and 
structural formation of elastic tissue, collagen or of 
the saccharide protein complex of the ground sub- 
stance were found, but results were inconsistent and 
diagnosis was usually made on clinical grounds. 
Barabas (1967) considered that the Ehlers-Danlos 
syndrome might be heterogeneous, and classified it 
into three subgroups. The first two subgroups 
consisted of severe (‘gravis’) and mild (‘mitis’) forms 
of the classic disease described. The third subgroup 
(‘arterial’) consisted of those cases in which there was 
excessive fragility of the arterial wall with occasional 
spontaneous rupture of medium-sized vessels or 
formation of arteriovenous fistulas, and a marked 
bruising tendency. The skin and joint involvement 
was usually mild and Barabas regarded this subgroup 
as a separate entity. 


+ 


512 D. W. Short 


Beighton et al. (1969) subsequently identified two 
other subgroups in the Ehlers-Danlos syndrome. In 
‘benign hypermobile’, there is gross joint hyper- 
mobility and usually skin hyperextensibility, but 
bruising is minimal and vascular complications are 
absent. The other subgroup is distinguished by being 
transmitted as an X-linked trait, and its essential 
clinical features consist of marked skin hyper- 
extensibility and joint hypermobility limited to the 
digits. 

Recent advances in the biochemistry of collagen in 
health and diseases of connective tissue have shed 
some light upon the clinical complexity of the Ehlers- 
Danlos syndrome, and this has been summarized in a 
recent review article by Uitto and Lichtenstein (1976). 
Four distinct forms of collagen have been recognized 
with biochemical variations according to structural 
requirements in the human body. Collagen (type I) is 
present in all connective tissue, with the exception of 
cartilage and basement membrane, which are 
composed of collagen types H and IV respectively. 
Type HI collagen accounts for most of the collagen 
in fetal skin. In adult life this ‘fetal’ collagen is largely 
replaced by mature collagen, but 'fetal' collagen 
remains an essential component of skin, cardio- 
vascular and gastrointestinal systems. 

According to Uitto and Lichtenstein (1976), the 
presently recognized genetic and biochemical abnor- 
malities in the variants of the Ehlers-Danlos syndrome 
are as follows: 

1. In the ‘classic’ Ehlers-Danlos syndrome, i.e. in 
those exhibiting to a greater or lesser degree the 
features of skin hyperextensibility, joint hyperflexity 
and a bruising tendency, the inheritance is autosomal 
dominant. The nature of the causal enzyme deficiency 
has not been identified in this group. 

2. In the ‘arterial’ or ‘ecchymotic’ subgroup, the 
traits are inherited as autosomal recessives, and the 
biochemical defect present is an absence or deficiency 
or type III (fetal) collagen. 

3. In the ‘benign hypermobile’ subgroup, which 
appears to be allied to the classic form of the syndrome, 
the mode of inheritance is autosomal dominant. No 
specific biochemical defect has as yet been isolated. 

4. In the X-linked subgroup, one member of an 
affected family showed on fibroblast culture from skin 
a deficiency of lysyl oxidase —the enzyme responsible 
for initiating cross-linking in the maturation of 
collagen fibres (di Ferrante et al., 1975). 

The recognition of these enzyme deficiencies 
represents only the first fruits of the molecular bio- 
chemistry of connective tissue disorders, but it lends 


some support to clinical and genetic evidence as to 
the heterogeneity of the Ehlers-Danlos syndrome, 
which should now be regarded as consisting of a 
number of separate, but overlapping, syndromes. 


Conclusion 

The development of multiple aneurysms in childhood 
and adolescence would appear to be due to a rather 
specific connective tissue disorder as yet unidentified. 
Joint and skin manifestations, when present, 
correspond to the ‘mitis’ variety of the Ehlers-Danlos 
syndrome and are likely to be missed on casual 
examination. In my patient no clinical or pathological 
evidence of a generalized connective tissue disorder 
could be demonstrated and this may also be true of 
the case described by Williams (1975). Further 
classification of this syndrome will ultimately depend 
upon the ability of the biochemist to detect the under- 
lying defect. In the meantime multiple congenital 
aneurysms in childhood should be regarded as a 
distinct entity. 
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SUMMARY 

Benign duodenocolic fistula is a rare complication of a 
number of gastrointestinal diseases and it is seldom 
considered in diagnosis. Diarrhoea and weight loss are 
characteristic presenting features which may be 
masked by coexisting disease. Barium enema is the 
most useful diagnostic procedure. Prognosis is good if 
surgery is undertaken at an early stage after adequate 
correction of the metabolic consequences of the fistula, 
by administration of fluid, electrolytes and parenteral 
nutrition. This paper reports 4 cases of this condition 
and reviews the clinical features, | investigation, 
aetiology and management. 


DuopENocoric fistula is an uncommon condition 
which is usually secondary to malignancy; such a 
fistula due to a benign process is distinctly rare 
(Hershenson and Kirsner, 1951). Benign duodeno- 
colic fistula was first described by Sanderson (1863) 
and in 1959 Starzl et al. were only able to discover 24 
cases in the literature. 

These fistulas most commonly arise from pathology 
in the duodenum, especially peptic ulceration (McPeak, 
1940; Nash and Darland, 1956; Herrington, 1967; 
Ahmad, 1973), or they may be due to some patho- 
logical process near the duodenum and colon, e.g. 
cholelithiasis (Neville, 1954; Rosenqvist and Sjoberg, 
1955; Edmunds and Harvard, 1961) or to colonic 
disease. 

Since the condition is rare, it is the purpose of this 
paper to report 4 further cases and to review the 
literature on the subject. 


Case reports 

Case 1: R. H., a 68-year-old retired man, began to vomit 
copious quantities of faecal-like material without abdominal 
pain or other symptoms. His condition improved with intra- 
venous fluids and nasogastric suction and a barium enema 
was performed. The large bowel appeared normal except that 
there was passage of contrast medium into the stomach, 
suggesting a fistulous connection between the colon and the 
upper gastrointestinal tract. This was confirmed by a barium 
meal which showed that the fistula connected the junction of 
the second and third parts of the duodenum with the ascending 
colon just above the caecum. 

At laparotomy a fistulous track with an internal diameter 
of 1-5 cm was found joining the duodenum to the back of the 
ascending colon. There were several enlarged, rubbery 
mesenteric nodes. The fistula was divided and the proximal 
end invaginated into the duodenal lumen with a purse-string 
suture. The distal end was excised together with a small area 
of adjacent colonic wall and the defect was closed in two 
layers. Postoperative recovery was uneventful and during the 
next 6 months the patient gained 19 kg in weight. 

Histology revealed neither malignant disease nor tuber- 
culosis, the only abnormality being a moderate degree of 
fibrosis of the outer layers of the colon. Tubercle bacilli were 
not cultured from the mesenteric nodes. 


Case 2: D. R., a 41-year-old female telephonist, complained 
that for 12 months she had been passing watery stools 2-6 
times a day, sometimes with fresh blood. She had attacks of 
lower abdominal colic and was losing weight. Abdominal 
examination was normal but sigmoidoscopy showed the rectal 
mucosa to be injected, oedematous and friable; there were 
large haemorrhoids and perianal skin tags. A barium enema 
showed a loss of haustral pattern of the transverse colon and 


41 


mucosal distortion and irregularity, suggestive of Crohn's 
disease. She was given Salazopyrin with considerable benefit 
and remained well for a year before more marked diarrhoea 
recommenced. She began to have attacks of pain in the right 
iliac fossa, where a large tender mass developed. 

At laparotomy the large bowel from 9 cm distal to the ileo- 
caecal valve to the mid-transverse colon was found to be 
swollen and oedematous. The hepatic flexure was firmly 
adherent to the duodenum and on mobilizing it a fistulous com- 
munication between the anterior wall of the second part of the 
duodenum and the hepatic flexure was demonstrated. The 
tract was excised with a small part of the anterior duodenal 
wall. The duodenum was repaired transversely and an 
extended right hemicolectomy was carried out with end-to-end 
anastomosis between the ileum and the left transverse colon. | 
Histological examination of the resected specimen showed 
Crohn’s disease of the colon. 

She remained well for 8 years but then relapsed and a 
further abdominal’ mass developed. A second laparotomy 
revealed recurrent ileal Crohn's disease of the ileotransverse 
anastomosis, which was excised. There was no evidence of 
fistula formation. 


Case 3: K. A., a 40-year old Asian female mill-worker, was 
admitted to hospital shortly after arrival in Britain. For 3 
years she had been complaining of intermittent abdominal 
colic and occasional vomiting. There was a considerable loss 
of weight. Twelve hours before admission, after a particularly 
severe attack of pain, she developed intractable diarrhoea. 
Apart from a little central tenderness, abdominal examination 
was normal. No pathogens were isolated from the faeces. 
Fluid and electrolyte losses were replaced intravenously and 
with parenteral nutrition her condition gradually improved 
and the diarrhoea stopped. A barium meal and followthrough 
demonstrated a narrow segment in the terminal ileum with 
some dilatation of the small bowel above it. This was confirmed 
by a barium enema, which also showed the caecum to be 
deformed. Rapid filling of the upper small bowel suggested an 
internal fistula but no tract was defined. A chest radiograph 
showed shadowing and cavitation of both upper zones and 
acid-fast bacilli were found in the sputum; she was therefore 
started on anti-tuberculous therapy. After 3 weeks’ treatment 
the vomiting recurred and a plain abdominal X-ray showed 
multiple small bowel fluid levels. 

At operation the small bowel was grossly distended down 
to the ileocaecal region, which was greatly thickened. All the 
colon and much of the small bowel exhibited a well-marked 
tuberculous reaction on the serosal surfaces. A wide fistula 
connected the anterior wall of the duodenum at the junction 
between the second and third parts to the caecum just distal to 
the ileocaecal valve. There were many large paracolic lymph 
nodes. The fistula was divided and the anterior wall of the 
duodenum repaired in two layers and a right hemicolectomy 
was performed. 

In the resected caecum there were many superficial ulcers - 
and there was a tight stricture of the ileocaecal valve. The 
histological appearances were of an active tuberculous 
enteritis with tuberculous follicles and giant cells. Tubercle 
bacilli were cultured from the mesenteric nodes. She is well 3 
years after the operation. 


Case 4: P. G., a 19-year-old female student, was referred from 
another hospital with a history of 3 months’ intermittent pain 
in the right iliac fossa for which she had undergone laparotomy 
at which ileocaecal Crohn’s disease had been recognized, though 
no definitive procedure was undertaken. After the operation 
she was given oral steroids, despite which her symptoms 
became worse and the pain in the right iliac fossa became 
colicky and more continuous. She had lost 16 kg in weight 
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Table 1: FEATURES OF DUODENOCOLIC FISTULA IN 4 CASES 


Clinica! features 


Age Diar- Vomit- Weight 
Case Sex (yr) rhoea Pain ing loss Mass 
i M 68 — -— 4d +--++-- No 
(Faecal) 
2 F 4i +++ TL -— “+ R side 
3 F 40 Het ++ + +++ No 
4 F 19 + 4-4 — +--+. RIF 


RIF, Right iliac fossa. 


and had diarrhoea but no rectal bleeding. An ill-defined, 
tender mass was present in the right iliac fossa. A barium 
enema showed Crohn's disease involving the caecum and 
proximal colon but no fistula was demonstrated. A barium meal 
and followthrough showed narrowing of the terminal ileum. 

At laparotomy the mass was found to consist of the grossly 
thickened dista! 20cm of ileum, the caecum and several 
enlarged mesenteric nodes. Two internal fistulas were found, 
one between the ileocaecal junction and an apparently normal 
loop of jejunum and a second, larger one between the caecum 
and the anterior wall of the second part of the duodenum. A 
small disc of duodenum around the fistulous opening was 
excised and the defect repaired transversely in two layers. The 
inflammatory mass with the terminal ileum and right colon 
was resected and an end-to-end ileotransverse anastomosis 
carried out. A short length of jejunum involved with the 
smaller fistula was also excised, 

Examination of the resected colon revealed large transverse 
ulcers, separated by areas of ‘cobblestone’ mucosa. Histology 
showed Crohn's disease. She has remained well for 2 vears. 


Aetiology 

Benign duodenocolic fistula is a rare and seldom 
considered complication of a wide variety of con- 
ditions. The part of the colon most often involved is 
the hepatic flexure and proximal transverse colon, 
although isolated instances of caecal and sigmoid 
participation have been recorded (Clayton and 
Thornton, 1953; Holzbach and Jones, 1969). It is of 
interest that the caecum was the site of the fistula in 2 
of our 4 patients (Cases 3 and 4). 

Any part of the duodenum, with the exception of 
the fourth, may be implicated in fistula formation to 
the colon. Fistulas to the first part of the duodenum 
occur infrequently and are associated with peptic 
ulceration or cholelithiasis. Fistulas into the second 
and third parts of the duodenum are more common, 
due to the proximity of this area of the duodenum to 
the colon, and here inflammatory colonic disorders 
are the usual cause. 

Starzl et al. (1959) reviewed the world literature 
and discovered 24 cases of benign duodenocolic 
fistula, of which 9 may have been due to colonic 
inflammation—3 in patients with ulcerative colitis, 2 
as complications of appendicitis, 2 attributed to 
caseating tuberculous glands, 1 due to late perforation 
of a typhoid ulcer and 1, between the sigmoid colon 
and the duodenum, probably the result of diverticular 
disease. In 3 of the 4 patients reported here the 
condition was clearly due to colonic disease (Cases 2, 
3 and 4). Duodenocolic fistula may be caused by 
tuberculous ulceration of the colon (Perry and Shaw, 
1893; Hureau and Vayre, 1972) or amoebic dysentery 
(Higgins, 1963). 

Masters (1948) and Grayson and O'Connell ( 1960) 
reported cases in which colonic Crohn's disease was 
the underlying pathology, and it is possible that 
fistulas attributed to ulcerative colitis in Starzl's 


Barium enema result 


Crohn's disease colon Not done 

Caecal compression 
fistula ? 

Crohn's disease colon Normal 


Barium meal result Aetiology 


Fistula demonstrated Fistula demonstrated Appendicitis? 


Crohn's colitis 
Stricture terminal Tuberculous enteritis 
ileum 

Crohn's colitis 


series were, in fact, due to Crohn's disease. Crohn's 
disease of the colon was responsible for two of the 
fistulas reported here (Cases 2 and 4) and may well be 
the commonest cause of benign duodenocolic fistula 
in the United Kingdom. 

Some benign fistulas have no obvious underlying 
pathology. Rosenqvist and Sjóberg (1955) considered 
that fistulas involving the junction of the second and 
third parts of the duodenum without pathological 
evidence of underlying disease might be due to the 
slow erosion of the duodenal wall by a swallowed 
foreign body lodged at the bend. A congenital 
aetiology was proposed by Torrance and Jones (1972), 
for the three fistulas they described between the leaves 
of the transverse mesocolon and through which the 
muscle and mucosa of the small and large bowel were 
continuous. 


Clinical features (Table I) 
The symptoms of a duodenocolic fistula are relatively 
consistent, regardless of the underlying pathology. A 
characteristic feature of all cases is weight loss, which 
may be considerable. The most prominent symptom 
in many patients is diarrhoea, which may be extremely 
severe (Case 3), though if the fistula is very narrow, 
diarrhoea may be insignificant or entirely absent 
(Case 1). Abdominal pain is variable and may precede 
all other symptoms, particularly in those cases in whom 
there is either peptic ulceration or a degree of intestinal 
Obstruction (Cases 3 and 4). Vomiting is common, 
but the presence of faecal material in the vomitus, 
though this can occur as seen in Case 1, is unusual 
because the communication between the colon and 
upper gastrointestinal tract is distal to the pylorus. 
If treatment is delayed, the patient becomes 
emaciated and dehydrated and may develop electrolyte 
disturbances, hypoproteinaemia and an anaemia, 
which, although initially microcytic, may eventually 
become macrocytic. Steatorrhoea may occur with 
impairment of fat-soluble vitamin absorption and the 
development of osteomalacia and tetany (Halligan et 
al., 1950; Dey and Latchmore, 1970). Tenderness may 
be present over the fistula site and, on occasion, an 
inflammatory mass is palpable, though duodenocolic 
fistula is rarely diagnosed on the basis of clinical 
examination, for apart from signs of obvious weight 
loss, there is often little to elicit. 


Pathophysiology 

The diarrhoea and weight loss characteristically seen 
in duodenocolic fistula are probably sequelae of a 
severe jejunitis caused by a reflux of faeces into the 
duodenum (Bolton and Trotter, 1920; Pfeiffer and 
Kent, 1939). Renshaw et al. (1946) observed, radio- 
logically and gastroscopically, the retrograde passage 
of colonic contents into the stomach of dogs with 


surgically created gastrocolic and enterocolic fistulas. 
This was confirmed by the culture of Escherichia coli 
from the stomach, duodenum and jejunum. 

Why there should be a preferential flow from the 
colon to the duodenum is not clear, though it may be 
accounted for by physiological differences in intra- 
luminal pressure or by a ‘one-way’, valve-like effect of 
the tissues. Symptoms are often intermittent, which 
may be related to the consistency of the colonic 
contents, faecal contamination of the small bowel 
occurring only when the stool is liquid. 

Whilst accepting that faecal regurgitation plays a 
major role in the pathophysiology of duodenocolic 
fistula, Grayson and O’Connell (1960) felt that it was 
not the sole factor and suggested that, on occasion, 
the pressure in the duodenum may exceed that in the 
colon, thus forcing some acidic gastric contents into 
the large bowel. The ensuing chemical colitis with 
hyperperistalsis and copious mucus production may 
contribute directly to the diarrhoea. 


Contrast radiology 

A barium enema is the most important diagnostic 
procedure. The superiority of this examination over 
a barium meal was emphasized by Grayson and 
O’Connell (1960). In a review of 25 previously 
reported cases, a fistula was demonstrated in 85 per 
cent by a barium enema, compared with 37-5 per cent 
by a barium meal. On no occasion did a barium meal 
outline a fistula which had not already been shown 
by a barium enema. The greater efficacy of large 
bowel radiology in the diagnosis of this condition may 
partly be due to the higher intraluminal pressure of 
the colon compared with the duodenum (Laws and 
Pitman, 1960). The routine use of double contrast 
technique increases the reliability of the investigation. 
A barium meal, however, may still be required to 
demonstrate any associated duodenal disease or a 
malabsorption pattern of the jejunum. 


Management 

Unlike those with a duodenocolic fistula secondary 
to malignancy, patients with a benign fistula rarely 
die, provided treatment is instigated before the effects 
of malnutrition become severe. Administration of oral 
antibiotics may bring some symptomatic relief by 
reducing the bacterial contamination of the small 
bowel (Chandler and Longmore, 1960), though 
spontaneous closure of a fistula is unlikely to occur 
and operative intervention is required in all cases. 
This should be carried out only after correction of any 
anaemia, hypoproteinaemia, electrolyte imbalance 
and nutritional deficiency. 

Diversion of the faecal stream from a malignant 
fistula by the creation of a colostomy stops the 
diarrhoea and allows the patient to regain a good 
physical state before definitive surgery (Pfeiffer and 
Kent, 1939; Halligan, 1950). However, with the 
present refinements in surgical technique and the 
ready availability of preparations for parenteral 
nutrition, a staged procedure should rarely be 
necessary for a benign duodenocolic fistula, as 
resection need not be so radical. Simple excision of 
the fistula and closure of the defects in the bowel may 
suffice, but the underlying cause should not be ignored, 
and often a right hemicolectomy is required. 

Previous authors have experienced difficulty in 
locating a fistula in the absence of florid inflammation 


41* 






Benign duodenocolic fistula 515 


and have found it necessary to mobilize the duodenum 
fully so as to expose the posterior aspect of the 
ascending colon and hepatic flexure and split the 
layers of the transverse mesocolon (Brindle and Kane, 
1966; Torrance and Jones, 1972). Turnbull (1967) 
advocated applying a segment of proximal small 
bowel to the closed duodenum following a resection 
of a duodenocolic fistula in Crohn's disease, so that, 
should an internal fistula recur, the effects are 
relatively innocuous. 
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Diagnosis and management of a gastric carcinoid 
tumour with hepatic metastases 


F. ZAMMIT MAEMPEL AND I. MODLIN* 


SUMMARY 

The gastric carcinoid tumour is a rare variety of carci- 
noid characterized by atypical production of 5-hydroxy- 
trytophane rather than serotonin. In our case it is 
likely that other polypeptides are 
symptoms, though these are as yet unidentified. Since 
surgery was not feasible in the management of the 
hepatic metastases, we have used a non-operative 
technique of embolization to destroy the carcinoid 
secondaries and ameliorate symptoms. The patient 
tolerated this procedure well and improved dramatically, 
with remarkable diminution of liver size and the dis- 


appearance of all carcinoid symptoms. Destruction of 


hepatic secondaries without recourse to surgery has 
obvious advantages in severely ill patients. Careful 
attention should, however, be paid to the large quantities 
of pharmacologically active compounds released from 
the liver by the procedure. 


THE gastric carcinoid tumour is a rare variety of 
carcinoid, constituting 1:96-2:25 per cent of all such 
tumours, according to Godwin (1975). Carcinoid 
tumours occur mostly in the gut and only 5 per cent 
develop the full carcinoid syndrome (Editorial, 1975), 
characterized by diffuse flushing, wheezing, diarrhoea, 
cardiac lesions and rashes. This type of carcinoid 
tumour usually presents with an atypical erythematous 
geographical rash but rarely with diarrhoea (Snow 
et al., 1955). Sandler and Snow (1958) and later Oates 
and Sjoerdsma (1962) suggested that this is probably 
due to the tumour producing the serotonin precursor 
5-hydroxytryptophane (SHTP) and histamine, rather 
than serotonin. There is, however, no direct evidence 
as to the causal agent of diarrhoea in the carcinoid 
syndrome. Since SHTP is the main metabolite, urinary 
levels of 5-hydroxyindoleacetic acid (SHIAA) are 
normal, as was the case in our patient reported below. 
Achlorhydria and hypochlorhydria were first reported 
by Smith et al. (1957), but are difficult to explain if 
the neoplasm is producing histamine. Although it has 
been suggested that some gastric secretory inhibitory 
polypeptides are produced by these neoplasms, we 
were unable to demonstrate the presence of elevated 
amounts of vasoactive intestinal polypeptide (VIP), 
gastric inhibitory polypeptide (GIP) or somatostatin 
in this tumour. 


Case report 
A 25-year-old Italian male with a presumptive diagnosis of a 
gastric carcinoid tumour was referred to us in July 1977. For 
the 3 months before admission he had noticed an erythematous 
geographical rash on waking in the morning and following 
eating or drinking wine. In addition, he had more recently 
experienced dull epigastric pains. The symptoms progressed 
in severity and he also developed episodic palpitations, 
breathlessness and congested conjunctivae. On admission to 
hospital in Bologna (June 1977), the flushing had become 
generalized, his abdomen distended and his ability to eat 
diminished. 

He was found to be anaemic (haemoglobin 7:7 g/dl) and 
had a soft systolic murmur of pulmonary stenosis, slight 
ankle oedema and his liver was enlarged 2 cm below the costal 
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Fig. 1. Barium meal showing a large irregular fundal mass 
protruding into the gastric lumen. 





Fig. 2. Endoscopic appearance of the gastric lesion demon- 
strating polypoid masses and diffuse submucosal infiltration. 
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Fig. 3. Hepatic scan demonstrating large number of 
scattered cold areas. 





Fig. 4. Laparoscopy: an umbilicated hepatic metastasis 
protrudes from the inferior aspect of the right lobe of the 
liver. 


margin. A barium meal (Fig. 1) and a gastroscopy (Fig. 2) 
demonstrated multiple irregularities of the fundal mucosa, 
which were polyps, many of which were oozing blood from 
their surface. The polyps had the histological characteristics of 
gastric carcinoid. Hepatic radioisotopic scans (Fig. 3) revealed 
numerous cold spots, which on laparoscopy corresponded 
with multiple umbilicated liver secondaries (Fig. 4). Per- 
cutaneous liver biopsy confirmed the presence of metastatic 
gastric carcinoid (Soga type IV, poorly differentiated, argyro- 
phil) (Fig. 5). Electron microscopy (Fig. 6) indicated the 
presence of numerous secretory granules. Immunocyto- 
chemistry, however, was negative for vasoactive intestinal 
polypeptide (VIP), gastric inhibitory polypeptide (GIP), 
motilin, pancreatic polypeptide (PP), SHT and substance P. 
Repeated 24-h collections of urine revealed normal amounts 
of vanillylmandelic acid (VMA) and SHIAA. Plasma sero- 
tonin (SHT) and 5 hydroxytryptophane (SHTP) were not 
detectable while the levels of histamine, prostaglandin E2, 
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Fig. 5. Liver biopsy: a small focus of metastatic carcinoid 
tissue is present in normal liver parenchyma. 
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Fig. 6. Electron microscopy photograph of gastric carcinoid 
tumour biopsy. The irregular black granules indicate a 
polypeptide secreting cell the characteristics of which are 
not those of an EC cell. The granules themselves are not 
identifiable by immunocytochemistry. 


carcinoembryonic antigen and alpha-fetoglobin were within 
normal limits. The platelet serotonin level was normal. 

The following abnormalities in blood biochemistry were 
found: plasma tryptophane 2-8 ng/ml (normal 11:1-- 1:3); 
kynurenine levels 777 ng/ml (normal 340); a rising alkaline 
phosphatase (liver isoenzyme); a falling albumin level; a 
raised serum glutamic-oxaloacetic transaminase (SGOT); a 
raised bilirubin level. Urine amino acid chromatography 
revealed an abnormal picture—large amounts of an as yet 
unidentified metabolite of kynurenine. 

Maximal pentagastrin-stimulated gastric secretion demon- 
strated non-stimulatable achlorhydria. A glucose tolerance 
test (Fig. 7) showed a normal glucose curve with an abnor- 
mally low insulin response. An alcohol ingestion and a secretin 
(Boots) stimulation test demonstrated gross elevation of 
pancreatic polypeptide. Respiratory function tests revealed a 
significant reduction in FEV, to 1:65 ( normal 2-4—4-4) and in 
vital capacity to 21 (normal 4-5-2), though the FEV/VC 
percentage of 80 was normal (75 per cent-+-). 

Over the next month, the liver enlarged rapidly with 
associated deterioration of the clinical condition. In addition, 
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Fig. 7. Glucose tolerance test: the insulin response to the 
glucose load is severely decreased and the abnormal 
tolerance curve is unlike that of hepatic disease. The 
appearance suggests interference with insulin secretion 
possibly by an unidentified polypeptide or amine released 
by the tumour. 
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Fig, 8. Basal pancreatic polypeptide plasma levels are 
extremely elevated and after a transient increase during 
embolization decrease to normal levels. Plasma motilin 
levels are slightly elevated (normal 10-500 pmol/l) but 
remain constant throughout the procedure. 


he developed severe oedema of the lower limbs and a marked 
distension of the superficial abdominal veins. 

Selective mesenteric angiography was performed 3 weeks 
after admission to demonstrate the patency of the portal vein 
and simultaneously to embolize the hepatic artery. In the 
36h before hepatic embolization parachlorophenylalanine, a 
metabolic antagonist of serotonin production, was ad- 
ministered. During hepatic angiography and embolization the 
patient was given antibiotics (tobramycin, flucloxacillin and 
metronidazole), 1 g of methylprednisolone and a 24-h intra- 
venous infusion of aprotonin in 5 per cent dextrose (25 000 
units/h). The pulse, blood pressure and electrocardiogram 
were monitored continuously during the procedure and no 
significant change was noted. Fentanyl, a synthetic narcotic 
analgesic, was used for the next 48 h. During this procedure, 
the patient suffered only mild abdominal pain. During the next 
8 h two mild episodes of flushing occurred. The development of 
severe hepatic pain and tenderness required frequent analgesia 
during the following 48 h. Thereafter his abdominal pain 
disappeared and the hepatic enlargement regressed rapidly. 
No further flushes or episodes of epigastric pain occurred even 
during an alcohol provocation test. 

Over the next 5 days he developed pyrexia, ascites and 
severe oedema of his scrotum and lower limbs. The oedema 
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Fig. 9. Plasma parameters following hepatic embolization: 
the serum glutamic-oxaloacetic transaminase rose rapidly 
immediately after embolization but the alkaline phosphatase 
elevation was delayed for 7 days. Potassium fluctuated in 
accordance probably with the degree of liver dysfunction 
whilst the neutrophil count rose steadilv after infarction 

and remained elevated for 3 weeks. 


responded to infusion of frusemide and spironolactone over 
4h, producing a diuresis of 141 with an associated 13-kg 
weight loss over 12 h. The ascites was managed by inserting a 
peritoneal dialysis catheter for 24 h. Analysis of the fluid so 
obtained demonstrated it to have a high protein content. No 
malignant cells or bacteria were evident. Oral potassium 
supplements were sufficient to maintain a normal serum 
potassium. Immediately after embolization there was a rise in 
SGOT, bilirubin and potassium. Coincident with the diuresis 
the potassium fell very rapidly to abnormally low levels, 
though hepatocellur damage may also have been implicit in 
the hypokalaemia. The late rise of alkaline phosphate pre- 
sumably reflected an increased rate of biliary epithelial turn- 
over. Pancreatic polypeptide levels increased transiently during 


infarction of the metastases and then rapidly decreased to 
normal levels (30-100 pmol/l). There was no change in the 
plasma motilin levels (Fig. 8). There was no change in the 
haemoglobin, but the white cell count rose rapidly to 27 000 
and remained at this level until day 30 (Fig. 9). The coagulation 
profile remained within normal limits. 

Three weeks after the first embolization, the patient 
experienced two mild episodes of flushing, each while straining 
at stool. Repeat angiography showed some revascularization 
of the right lobe of the liver. This was effectively re-embolized. 
The patient developed a mild ascites but was well enough to 
be discharged 5 days later and had remained asymptomatic 
since. The malignant carcinoid symptoms did not return 
until just prior to the patient's demise 4 months after emboliza- 
tion. At this stage the tumour had disseminated grossly to skin, 
lungs and bone. 


Discussion 

The difficulties of evaluating and explaining carcinoid 
tumour pathophysiology are amply illustrated in this 
case, Not only are carcinoids a heterogeneous collec- 
tion of neoplasms but, in addition, their polypeptide 
and amine products which are responsible for the 
symptomatology are as yet mostly unidentified. This 
particular tumour was especially puzzling since it 
did not arise from the expected enterochromaffin 
(EC) or EC-like cells. The finding of elevated pan- 
creatic polypeptide (PP) in the plasma has not 
previously been described in carcinoid tumours, 
though it has been suggested as a tumour marker in 
endocrine pancreatic neoplasms (Polak et al., 1976). 
We have demonstrated elevated plasma PP levels in 
7 out of 12 carcinoid patients and suspect that plasma 
PP levels might also be useful as a tumour marker in 
this condition. The elevation, however, probably 
represents a secondary phenomenon since the EC 
cell from which carcinoids originate (Pearse et al., 
1977) is known not to produce PP. The rapid decline 
of plasma PP concentration following infarction of 
the tumour metastases may be of value in predicting 
the therapeutic response, as has been described for 
plasma VIP levels in pancreatic tumours producing 
the watery diarrhoea syndrome. Plasma levels of VIP 
and GIP were normal and cannot be implicated as 
the cause of the achlorhydria. 

Histology demonstrated an argyrophil tumour, as 
would be expected of a foregut carcinoid; but 
electronmicroscopic signs were not those of an 
enterochromaffin cell, nor could the secretory 
granules be positively identified. Furthermore, neither 
SHTP or SHT, nor their breakdown products, were 
raised in the urine. The low tryptophane and high 
kynurenine levels were probably the result of large 
amounts of this amino acid being shunted via the 
kynurenine pathway. The abnormal pattern of the 
urine amino acid chromatography probably represents 
an end product of this atypical pathway. 

Plasma analysis for prostaglandin-like material 
showed normal amounts of biological activity 
measured as PgE2. Raised PgE2 has been reported in 
bronchial carcinoid by Sandler et al. (1968) and 
Delmon and Rampal (1975). Tumours releasing 
prostaglandin into the circulation before the lungs 
will not necessarily produce high levels in the peri- 
pheral blood as the lungs will inactivate a substantial 
amount. 

It has been previously suggested by Feldman et al. 
(1972) that serotonin production inhibits insulin 
secretion, with or without normal carbohydrate 
tolerance, in the carcinoid syndrome. In our case, 
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however, insulin release was certainly inhibited, 
though serotonin levels were not raised. 

When a carcinoid tumour arises in the intestine, the 
carcinoid syndrome usually only occurs when liver 
metastases are present. Eradication of hepatic 
metastases is important in terms of ameliorating the 
systemic sequelae of the syndrome and increasing 
survival time. Methods available include hemi- 
hepatectomy (Bersohn and Bleloch, 1967), enuclea- 
tion of tumour deposits (Stephen and Grahame- 
Smith, 1972), hepatic artery ligation (Jugdutt et al., 
1975), or ligation with cytotoxic infusion (Murray- 
Lyon et al., 1970). Operation was not possible in our 
patient because of his moribund condition and 
cytotoxics have a variable and unpredictable result. 
In this situation, we decided to dearterialize the 
liver, since it is known that hepatic metastases derive 
their blood supply mainly from the hepatic artery 
(Breedis and Young, 1964). Dearterialization was 
performed by highly selective cannulation and 
embolization of the hepatic artery via the trans- 
femoral route. Embolization was performed using 
multi-sized Sterispon impregnated with water-soluble 
contrast medium for localization. The more distal 
branches of the hepatic arterial tree seal off first, 
followed by the larger proximal ones. This effectively 
shuts down potential arterial passages connected to 
the collateral vessels. A collateral arterial circulation 
can develop rapidly and negate the aim of the pro- 
cedure (Bengmark and Rosengren, 1970). By retaining 
the catheter in situ for half an hour collaterals and 
vessels previously in spasm were demonstrated angio- 
graphically and re-embolized. The whole liver was 
effectively dearterialized with no ill effects to the 
patient and with complete disappearance of his 
major symptoms. Repeat embolization is far safer 
than repeat laparotomy, which is required following 
collateral development after hepatic arterial ligation. 
Prophylactic antibiotic therapy and the administra- 
tion of steroids and antikinin agents (aprotonin) are 
of importance in preventing septicaemia and vascular 
collapse. Though the clinical condition of the patient 
improved, his biochemistry still showed the trypto- 
phane level to be low and kynurenine to be slightly 
raised, suggesting the presence of viable tumour. 
This was confirmed on re-angiography, which showed 
massive collateral development from the coeliac axis, 
intercostals and right phrenic artery. Re-embolization 
was performed without complications. 

The ascites which developed after both embolic 
procedures probably had two explanations; necrosis 
of tumour metastases may have produced intrahepatic 
portal vein obstruction and inferior vena caval com- 
pression. An inferior venocavogram demonstrated 
gross narrowing of the hepatic cava which was 
presumably due to swelling of the infarcted tumour. 
This resolved spontaneously. 
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Abdominal wound healing in jaundiced patients 
T. T. IRVIN, J. S. VASSILAKIS, D. K. CHATTOPADHYAY AND M. G. GREANEY* 


SUMMARY 

Abdominal wound healing was studied in 48 patients 
undergoing laparotomy for jaundice and 281 anicteric 
patients undergoing elective operations for cholelithiasis 
at the Sheffield Royal Infirmary during the period 1967 
to 1976. 

Wound dehiscence or incisional hernia occurred in 
27-1 per cent of jaundiced patients and in 4-3 per cent 
of anicteric patients (P « 0-001). There was a slightly 
higher incidence of dehiscence and herniation in 
deeply icteric patients (plasma bilirubin > 170 wmoll/l), 
but patients who developed these complications did not 
appear to have a more severe degree of malnutrition or 
impaired liver function. 

The results of the study suggest that malignant 
disease may be an important factor in the pathogenesis 
of wound complications in jaundiced patients. Wound 
dehiscence or incisional hernia occurred in 59-1 per cent 
of patients with obstructive jaundice resulting from 
malignant disease but patients with jaundice resulting 
from biliary stones or benign pathology did not develop 
these complications. 


VARIOUS systemic abnormalities, including mal- 
nutrition, hypoxia, ascorbic acid deficiency, advanced 
malignancy and uraemia, may adversely affect wound 
healing in surgical patients. Recent experimental 
studies by Bayer and Ellis (1976) have suggested that 
jaundice also has an adverse effect on wound healing, 
and it has been suggested that the biochemical 
abnormalities of jaundiced patients may interfere 
with the process of wound repair. 

In the present study we examined the factors 
affecting the healing of abdominal wounds in jaundiced 
patients. 


Patients and methods 

The study included 48 patients undergoing exploratory 
laparotomy for jaundice in the Professorial Surgical Unit at 
the Sheffield Royal Infirmary during the period 1967 to 1976. 
The pathology in these patients and the surgical operations 
performed are shown in Table I, and it can be seen that extra- 
hepatic biliary obstruction was the cause of the jaundice in 46 
patients. With the exception of 2 cases, surgical treatment 
resulted in relief of the jaundice; one patient had an inoperable 
tumour of the bile duct and another patient had a drug- 
induced cholestasis confirmed by liver biopsy. 

The case records of the jaundiced patients were reviewed 
and the incidence of abdominal wound dehiscence, wound 
infection and incisional hernia was recorded. The findings 
were compared with those in 281 anicteric patients undergoing 
elective surgery for cholelithiasis during the same period. 
Two hundred and fifty patients underwent cholecystectomy 
alone, and in 31 cases a bile duct exploration was performed. 
All patients survived the postoperative period and they were 
followed up for periods ranging from 3 months to 2 years. 

The ¢ test for unpaired data was used in the statistical 
analysis of grouped measurements, and the y? test was used in 
the analysis of frequency data. 


Results 


Abdominal wound dehiscence, hernia and infection 
The incidence of these complications in the 48 icteric 
and 281 anicteric patients is shown in Table I. 


Table I: PATHOLOGY AND SURGICAL PROCEDURES 
UNDERTAKEN IN JAUNDICED PATIENTS 


No. of 
Pathology cases Surgical procedures 

Carcinoma of bile duct 5 4 biliary diversion 

1 inoperable 
Carcinoma of pancreas 17 15 biliary diversion 

2 resection 
Cholelithiasis 24 24 choledocholithotomy 

c cholecystectomy 

Intrahepatic cholestasis 1 I liver biopsy 
Hereditary spherocytosis i i cholecystectomy and 


splenectomy 


Table Il: THE INCIDENCE OF ABDOMINAL WOUND 
DEHISCENCE, INCISIONAL HERNIA AND WOUND 
INFECTION IN ICTERIC AND ANICTERIC PATIENTS 





Icteric Anicteric 

No. y No. p 
No. of cases 48 100 281 100 
Wound dehiscence 7 14-6 2 0-7 
Incisional hernia 6 12.5 10 3-6 
Wound infection 15 31-3 13 4-6 


Table HI: THE RELATIONSHIP BETWEEN THE AGE 
OF THE PATIENT, THE TYPE OF LAPAROTOMY 
INCISION, THE METHOD OF WOUND CLOSURE 
AND ABDOMINAL WOUND DEHISCENCE OR 
INCISIONAL HERNIA IN JAUNDICED PATIENTS 


Wound 
dehiscence No 
or dehiscence 
incisional or 
hernia herniation 
No. of patients 13 35 
Average age (yr-- s.d.) 63--11:8 58--15-4 
Laparotomy incision 
Paramedian 12 28 
Subcostal 1 5 
Median 0 2 


Method of wound closure 
Layers with absorbable sutures 4 
Layers with non-absorbable sutures 2 7 
Layers with deep tension sutures 6 
Mass closure with non-absorbable H 
sutures 





Jaundiced patients had a significantly higher incidence 
of these complications (for wound dehiscence and 
herniation y? = 29-70, P 0-001; for wound infection 
x? = 37-70, P«0-001). 


Factors affecting wound healing in jaundiced patients 

Several clinical variables were examined in the 48 
jaundiced patients to determine the factors which 
may be involved in the pathogenesis of abdominal 
wound dehiscence and incisional hernia. There was 
no significant correlation between the complications 
of wound dehiscence and herniation and the age of 
the patients, the types of laparotomy incision, the 
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Table IV: COMPARISON OF PREOPERATIVE LIVER 
FUNCTION TESTS IN JAUNDICED PATIENTS WHO 
DEVELOPED WOUND DEHISCENCE OR 
INCISIONAL HERNIA AND THOSE WHO AVOIDED 
THESE COMPLICATIONS 


Wound 
dehiscence No 
or dehiscence 
incisional or 
hernia herniation 
Mean plasma albumin 32+2°8 3241-4 
(g/14-s.e. mean) 
Mean SGPT 96--17.3 131 2- 29-8 
(U/l+s.e. mean) 
Plasma bilirubin 
(no. of cases) 
>> 170 umol/T 7 13 
100-170 pmol/! P 7 
< 100 umol/l 2 ji 
Plasma alkaline phosphatase 
(no. of cases) 
7-460 u/i á 8 
200-460 u/i 4 16 
« 200 ujl 3 7 


Table V: THE RELATIONSHIP BETWEEN THE 
PATHOLOGY AND ABDOMINAL WOUND 
DEHISCENCE OR INCISIONAL HERNIA IN 
JAUNDICED PATIENTS 


Malignant Biliary stones and 

disease medical jaundice 
No. yA No. p 

No. of patients 22 100 26 100 
Wound dehiscence or 13 59-1 $) 0 


incisional hernia 


methods of wound closure, or the occurrence of 
postoperative wound infection (Table LHI). 

In the analysis of preoperative liver function tests 
(Table IV), data regarding measurements of plasma 
albumin, serum glutamic pyruvate transaminase 
(SGPT), plasma bilirubin and plasma alkaline 
phosphatase were obtained in 11 of the 13 patients who 
developed wound dehiscence or herniation. Pre- 
operative plasma albumin and SGPT measurements 
were obtained in the remaining 35 jaundiced patients 
but bilirubin and alkaline phosphatase measurements 
were available in only 31 cases. There was no signifi- 
cant difference between plasma albumin and SGPT 
measurements in patients who developed wound 
dehiscence or herniation and those who avoided such 
complications. The interpretation of bilirubin and 
alkaline phosphatase measurements was complicated 
by the presence of a number of results which exceeded 
the upper limit of measurement achieved by automated 
laboratory methods. The results show that there was 
a slightly greater incidence of very high plasma 
bilirubin and alkaline phosphatase values in patients 
who developed abdominal wound dehiscence or 
herniation but this was not a statistically significant 
trend. 

It appears that the nature of the underlying patho- 
logy was a significant factor in the pathogenesis of 
wound dehiscence and incisional hernia in jaundiced 
patients (Table V). Patients with obstructive jaundice 
caused by malignant disease had a significantly higher 


incidence of these complications by comparison with 
those patients who had jaundice resulting from biliary 
stones or a benign medical disorder (P- 0-001). 
Indeed, none of the latter group of patients developed 
wound dehiscence or herniation. 


Discussion 

In retrospective clinical studies of abdominal wound 
healing, Reitamo and Moller (1972) and Keill et al. 
(1973) found no convincing evidence that jaundice 
was involved in the pathogenesis of abdominal wound 
dehiscence. However, these studies included very 
small numbers of jaundiced patients and, in a careful 
prospective study of abdominal wound healing, Ellis 
and Heddle (1977) found that jaundiced patients had a 
significantly higher incidence of abdominal wound 
dehiscence and incisional hernia compared with 
anicteric patients undergoing elective laparotomy for 
various abdominal disorders. Dehiscence or hernia- 
tion occurred in 7 (33-3 per cent) of 21 jaundiced 
patients and in 16 (5-2 per cent) of 305 anicteric 
patients. In the present study it was found that 
jaundiced patients had a significantly higher incidence 
of abdominal wound dehiscence and incisional hernia 
compared with anicteric patients undergoing elective 
operations for cholelithiasis, and the incidence of these 
complications in jaundiced patients was similar to 
that reported in the study by Ellis and Heddle. 

Bayer and Ellis (1976) found that obstructive 
jaundice in the rat resulted in delayed wound fibro- 
plasia and angiogenesis, and a reduction in the 
mechanical strength of healing abdominal incisions. 
In our clinical study, however, we have been unable 
to demonstrate any significant relationship between 
the failure of abdominal wound healing in jaundiced 
patients and the severity of the jaundice or disturbance 
in liver function, although wound complications were 
slightly more common in deeply jaundiced patients 
(plasma bilirubin 170 mol/l). The striking feature 
of this study was the association between the failure of 
wound healing and the pathology in jaundiced 
patients. Abdominal wound dehiscence and incisional 
hernia occurred only in those patients who had 
obstructive jaundice caused by malignant disease. 
Previous studies have failed to demonstrate any 
consistent relationship between abdominal malignancy 
and wound disruption (Reitamo and Moller, 1972; 
Ellis and Heddle, 1977). However, the effects of 
malignant disease of the pancreas or biliary system 
on wound healing may be rather different, since such 
disease is frequently incurable or inoperable. It may 
be relevant, therefore, that no less than 20 of the 22 
cases in the present study had irremovable tumours. 
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Bailey and Love's Short Practice of Surgery 

Revised A. J. Harding Rains and H. David Ritchie. Seventeenth 
edition, 248 x 186 mm. Pp. 1360, with 1531 illustrations. 
London: H. K. Lewis. £17:50. 


Tuis is a popular book in a new edition which would un- 
doubtedly be deemed a ‘best buy’ in a WHICH? review. The 
new edition extends the authorship and widens the range of 
topics, and there is perhaps a risk of this ‘short’ textbook 
becoming too long. The text is aimed at undergraduate and 
postgraduate students, and is in danger of being unsatisfactory 
to both. It is too long for the undergraduate and too short for 
the postgraduate. 

It is difficult to criticize a well-loved textbook without 


implying that it may have outlived its usefulness. No doubt . 


sales figures will deny this but the attitude of present day 
students will have to alter if the popularity of this book is to 
continue. Fewer undergraduates will now invest in a major 
text, even at this modest price. If the student believes in the 
‘enquire within’ principle he can certainly acquaint himself 
with the outline of the subject, but he is likely to need more 
than a textbook without references can provide. With the 
expansion of the curriculum, the tendency for pocket-sized 
books is generally supported by teachers in the fervent hope 
that something of the principles of his particular subject will 
be digested, but it is recognized that reading in depth of some 
aspects of the subject is expected and encouraged. I doubt 
whether Short Practice of Surgery will suffice for this. 

Similarly, the postgraduate can only use this textbook to 
learn the bare essentials of subjects which his examiners are 
likely to probe in depth. Nevertheless, it must be acknowledged 
that there is probably no other book which provides some 
information on nearly every topic that the examination 
candidate may be called. upon to discuss. 

The textbook retains its elegant layout and easily readable 
text with good line diagrams. Some of the X-rays are not well 
reproduced and other illustrations could be either improved 
or omitted. If traditional surgical teaching is to be followed it 
must acknowledge new advances, and the absence of any 
reference to medical management of gallstones is unfortunate 
even if surgeons remain sceptical about the place of such treat- 
ment in the management of their patients. The brevity of the 
sections on ulcerative colitis and Crohn's disease might lead 
the unsuspecting student to think that the surgeon had little 
part to play in the treatment of these patients. 

Most of these criticisms reflect a personal view of the 
changing face of surgery in the current curriculum; they are 
unlikely to be shared by the majority, who have probably used 
this textbook more than any other as the backbone of their 
surgical knowledge. If the observations offend then they can 
only be examined by buying a copy to check the opinion 
expressed. 


C. G. CLARK 
Complications of Gastric Surgery 
David Fromm. | 252 x 174 mm. Pp. 163--ix.  Hlustrated. 


Chichester: J. Wiley & Sons. £13-00, $23.00. 


For its size, this book packs in a vast amount of up-to-date 
information and thought on the whole range of problems after 
gastric surgery. There has been such a spate of books on the 
subject in recent years (and I am the author of one such) that 
i personally doubt the need for yet another. However, this book 
can be recommended strongly to anyone who wants a compact 
and yet comprehensive account of the subject. 

A. G. COX 
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Manual of Acute Orthopaedic Therapeutics 
Larry D. Iverson and D. Kay Clawson, 215 x< 130 mm. Pp. 367 4- 
xi. Illustrated. 1977. Boston, Mass.: Little, Brown. $10.95. 


THis is a cumbersome title for a very useful book which is 
designed and written for the orthopaedic resident responsible 
for the reception and care of patients who present with acute 
problems arising from injury to or disease of bone and joint 
tissues. It is a very useful, succinct, competently produced, 
loosely bound, pocket-sized manual which provides brisk 
advice on the management of seriously ill injured patients and 
proper allocation of priorities of treatment. With a strong bias 
towards assessment by clinical and simple radiological 
examination, it gives an extremely comprehensive account of 
musculoskeletal trauma and the complications which can arise 
from it. Fractures are covered from the first cervical vertebra 
to the medial big toe sesamoid. The guidance given is almost 
always clear and incisive, although not all the advice given by 
the authors on initial management would be universally 
accepted. 

The principal virtue of the book, however, is the immense 
amount of technical information it imparts. There are chapters 
on complications of musculoskeletal trauma, emergency 
splinting, plastering and bandaging and traction techniques. 
In addition, there are eight appendices dealing with joint 
measurement, electromyography and nerve conduction studies 
and information on other highly relevant matters which is not 
always available to junior doctors. There is not a wasted word 
in the text, which is literate and readable and is supported by 
numerous good quality line drawings and diagrams, with a few 
illustrative X-rays, and an adequate index, Most chapters end 
with a useful and impressively up-to-date list of references. 
This book is strongly recommended for trainees in ortho- 
paedic and accident work. 

WILLIAM MURPHY 


Care of the Orthopaedic Patient 
Edited J. Rowe and L. Dwyer. 235 x 155 mm. Pp. 421. Illustrated. 
1977. Oxford: Blackwell Scientific. £10-00. 


Tus authors in their preface stated that the aim of this book 
was to be 'patient-centred rather than condition-orientated'. 
I believe that they have achieved this in this most handsome 
and clearly presented text. Much information is presented 
covering almost the whole width and breadth of practical 
aspects of orthopaedic care as well as many of the more subtle 
basic principles of this demanding branch of nursing. For 
example, how many textbooks for nurses would contain 
illustrations ranging from an EMI scan of an extradural 
haemorrhage to a simple varus heel wedge. 

Orthopaedic nursing and rehabilitation are required for all 
ages—from babies to old people--and it is this span which 
creates the interest and the challenge of orthopaedics. Two 
very important chapters are those dealing with 'Children in 
Hospital’ and ‘Education in Hospital’. These highlight the 
extra care and attention given to children in orthopaedic 
hospitals and wards. It was the Education Act of 1919 which 
made in-hospital teaching compulsory and thereby helped to 
establish the orthopaedic hospital as a separate entity with its 
special staffing. This book reinforces the view and brings home 
to all of us that orthopaedic nurses, physiotherapists, orthotists, 
to name but a few, are all members of a highly specialized team. 

This book is highly recommended, not only to those in 
training but also to those working actively in the care of 
orthopaedic patients and those who are responsible for plan- 
ning. 

R. B. DUTHIE 
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Anatomy—Regional and Applied 
R. J. Last. Sixth edition. 245 x 190mm. Pp. 5984+ xxiv. 
Illustrated. 1978. Edinburgh: Churchill Livingstone. £12-00. 


PROFESSOR Lasr's textbook of anatomy is an old favourite of 
mine and one I often turn to for reference. It is probably the 
most popular of the postgraduate works on this subject 
among surgical trainees and it has helped many thousands of 
candidates through the Primary FRCS. In this new sixth edition 
its text remains as clear and easy to read as ever but unfortunately 
the deteriorating standards of publishing in this country have 
badly affected it. The colour reproductions are poor and these 
are now grouped together at the beginning of the volume, 
ostensibly for the convenience of the reader but actually for 
economy. Many of the X-rays have reproduced badly, some of 
the histological illustrations are blurred and the hard covers 
have now been replaced by a paperback. It is a pity that a 
classic of anatomical teaching such as this should be allowed 
to deteriorate in its appearance, but unless the reading public 
makes a firm stand on these matters, there is no doubt that 
standards will go down still further and we shall lose the very 
high international reputation that our textbooks at present 
hold throughout the world. 

H. ELLIS 


Operative Surgery 

General editors Charies Rob and Rodney Smith. Third edition. 
Genera! Principles, Breast and Hernia 
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Locic in the choice of ligatures and sutures, safety in the 
operating theatre and how to handle the tools of the trade are 
the introductory chapters of this book and should be com- 
pulsory reading for all. Unfortunately most who have obtained 
the FRCS will not read these eminently sensible chapters and 
are likely also to pass over the others on excision of soft tissue 
wounds and the management of burns. Economy of words is 
the intention of the authors, but every word counts. 

The operations on the breast are standard procedures with 
the exception of non-mutilating mastectomy with prosthetic 
mammoplasty for breast cancer. Whether or not one agrees 
with this procedure, the detailed operative technique is never- 
theless important. The section on hernia gives details of both 
Gallie's fascial repair and. Mair's skin graft, both of which are 
very rarely used today. It might have been more helpful to 
exclude these sections and expand the details on dealing with 
sliding hernia. Some reference to dealing with recurrent hernia 
and also details of the properitoneal approach would be 
useful additions to future editions. 

C. G. CLARK 
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of the British Medical Bulletin has managed to produce a 
comprehensive review of the whole subject of haemostasis in 
one slender volume. 

Articles on the biochemistry and physiology of coagulation 
in health and disease, on platelet function, on Factor VHI and 
haemophilia and on fibrinogen are included together with 
useful reviews on the normal levels of haemostatic factors and 
on blood replacement therapy. The chapters which will 
probably be of particular interest to surgeons are those which 
are most clinically orientated; for example, that in which 
Professor Ingram describes how to investigate a haemostatic 
disorder and that in which Dr Brozovic discusses physiological 
variations in coagulation factors, including the relationship 
between thrombosis and the contraceptive pill. Dr Sharp 
summarizes what is known about the pathogenesis of intra- 
vascular coagulation and its therapy whilst Drs Urbaniak and 


Cash advise on blood replacement therapy in haemorrhagic 
disease and discuss the frequently debated subject of the use of 
fresh whole blood. 

Each of the authors is a specialist in a particular aspect of 
haemostasis and assumes that the reader has considerable 
knowledge of the subject. The standard of the contributions 
is very high but some are a little difficult to understand. 
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general so that principles are defined and basic groundwork 
covered. In this way the editor has produced a book which is 
far less restricted than its title suggests. It will interest not only 
surgeons, but all involved with cancer. Viral, chemical, 
endocrine and epidemiological factors are discussed in 
separate chapters on aetiology. There are balanced guides to, 
and accounts of, diagnostic and therapeutic methods and there 
are excellent chapters on anatomical and pathological aspects 
of oncology. The book ends with a timely chapter on pro- 
fessional and public education in oncology. Anyone interested 
in cancer will want to read this book, but, at £28, it is far too 
expensive. 
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been welcome on the techniques and pitfalls of catheterization. 
Vasectomy too would be an appropriate subject for a succinct 
review and a practical protocol in the style we have come to 
expect from the author. Perhaps the readership might also 
expect some elementary instruction on the information to be 

gained from the rapidly expanding field of urodynamics. 
However, the most important comment to make about this 
volume is that it deserves the reputation it has gained as a 
standard text. I fully support the views of the eminent reviewer 
of the first edition, that this clear and amusing work, full of 
common sense and illustrated with style, is ideally suited both 
to the undergraduate in pursuit of basic instruction, and to the 
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dying. 
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The injuries of terrorist bombing : a study 


of 1532 consecutive patients 
W. A. HADDEN, W. H. RUTHERFORD AND J]. 


SUMMARY 

Of 1532 explosion victims only 9 died in hospital. 
Injury to the chest or abdominal organs was rare (10 
patients of whom 5 died). Primary blast lung was 
apparent in onlv 2 patients. Major limb amputations 
occurred in 16 patients of whom 4 died. None of the 50 
patients with burns required skin grafts. 

Injuries were predominantly to the head and neck 
and limbs, suggesting the protective effect of clothing. 
Half of the patients suffered from emotional shock, 
most with no physical injury and 82 per cent of whom 
were female. 

Eighty-three per cent of patients arrived at hospital 
between 10.00 a.m. and 7.00 p.m. 


TERRORIST activity is one of the ugly facts of modern 
life and is widely distributed over the world. The chief 
weapons are the bullet and the bomb. Bullet wounds 
have been extensively studied but injuries caused by 
terrorist bombs are not so well documented. Caro and 
Irving (1973), Tucker and Lettin (1975) and 
Waterworth and Carr (1975) have given accounts of 
the results of single bomb incidents. Rutherford (1972, 
1975) has dealt with organizational problems resulting 
from urban terrorist activity. There has been no 
report of a large group of patients injured by terrorist 
bombs. 

Northern Ireland has been the scene of a terrorist 
campaign since August 1969 and the Royal Victoria 
Hospital, Belfast, has had considerable experience of 
injuries due to terrorist bombs. This paper is based 
on an examination of the records of 1532 consecutive 
bomb victims seen in the Accident and Emergency 
Department of this hospital between August 1969 and 
June 1972. During that period 3470 patients were 
received in the Royal Victoria Hospital as a result of 
civil disturbances. This is approximately half of the 
total admissions for such injuries in Northern Ireland. 
Of the 352 deaths in the province due to civil distur- 
bance during the period, 117 were caused by explosions 
(Official Sources). 


Materials and methods 

Retrieval of records was simplified by the fact that if patients 
brought into the accident and emergency department had been 
injured as a result of the civil disturbances, this was indicated 
in the dailv register. 
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Fig. 1. Age/sex distribution of the study group contrasted 
with that of greater Belfast (1971). 


A study of the injuries of all patients received in the Royal 
Victoria Hospital, Belfast, resulting from civil disturbances 
between August 1969 and December 1971 has already been 
published (Rutherford, 1974). Of these patients, 535 were 
involved in explosions. Details of their injuries have been 
included in this study. From January to June 1972 a further 
1002 patients were brought to the hospital following 78 
separate explosions. Their age, sex, whether treated as in- 
patients or outpatients, the time of admission, the nature of 
operative procedures and injuries, classified according to the 
WHO International Classification of Diseases, were recorded. 
The records of 5 outpatients could not be found. Thus 1532 
patients’ records were utilized. 

* Royal Victoria Hospital, Belfast. 
Correspondence to: W. A. Hadden, Princess Margaret Rose 
Orthopaedic Hospital, Fairmilehead, Edinburgh. 
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Fig.2. Example of a bomb blast wound of the forearm 
showing tissue loss and presence of a foreign body. 
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Fig. 3. Sex difference in percentage regional distribution of 
lacerations in patients aged over 14 years who sustained 
some physical injury. 


Table I: PERCENTAGE REGIONAL DISTRIBUTION 
OF LACERATIONS, ABRASIONS AND BRUISES 
COMPARED WITH SURFACE AREAS 


Lacerations Abrasions Bruises 

Surface (% of 619 (955 of 276 (% of 203 

Site area (75) patients) patients) patients) 
Arms 22 31 32 33 
. Legs 39 35 36 28 
Head and 12 63 49 34 

neck 

Trunk 27 10 13 25 


Surface areas from HM Government (1947) Textbook of 
Air Armament. 


To simplify analysis, the personal data and injuries according 
to site (head and neck, arm, leg or trunk) and nature of injury 
(laceration, abrasion, bruise, fracture, dislocation, sprain, 
organ injury, burn, nerve or vascular injury) were recorded on 
80-column punch cards. All analyses were performed on the 
Queen's University 1906S computer using the statistical 
package for the social services (SPSS). 





Fig. 4. Traumatic amputation caused by a bomb. 


Results 

Of the 1532 patients, 250 (16 per cent) were admitted 
to hospital and 1282 (84 per cent) were treated as 
outpatients. 

As may be seen from Fig. 1, the age/sex profile of 
the study group differs somewhat from the population 
of Belfast (Northern Ireland General Register Office, 
1971) in that the extremes of age are under-represented. 

There was a predominance of females in the study 
group (60 per cent), but in contrast, amongst patients 
admitted, males were in a majority (58 per cent). 


Physical injuries 

Lacerations (619 patients), abrasions (276 patients) 
and bruises (203 patients) were the most common 
injuries. Many of the lacerations were minor and 
were treated by primary suture as outpatients. They 
healed by primary intention. The more serious ones 
often showed extensive tissue loss and were grossly 
contaminated with dust, metal, wood fragments and 
pieces of clothing (Fig. 2) and necessitated admission. 
Before exploration the skin was usually cleaned with 
a detergent antiseptic (e.g. Savlon) and scrubbed with 
a brush. All dead and contaminated tissue and foreign 
material was then removed and the wounds were 
lightly packed with gauze. They were inspected 4-7 
days later. If not infected or requiring further excision, 
they were then treated by delayed primary suture or 
by skin grafting. 

The distribution of these injuries in relation to the 
surface areas of the four regions of the body studied, 
suggested the protective value of clothing (Table /). 
The head and neck was the most frequently injured of 
the four regions considered, despite having the smallest 
surface area. The trunk and to a lesser extent the legs 
were injured less frequently than their surface area 
would lead one to expect. 

Further confirmation of the protective role of 
clothing was provided by comparing males and females 
who had sustained any physical injury. (Patients aged 
less than 14 were excluded, as their clothing was not 
thought to follow the adult pattern.) It was found 
that a significantly greater proportion of males 
sustained a head laceration (P<0-05), but the pattern 
was reversed for lacerations of the legs (P<0-05), 
suggesting that the exposed legs of women are more 


susceptible but that their heads are better protected 
by hair and hats (Fig. 3). Abrasions and burns of the 
legs were also significantly more frequent in females 
than in males (P « 0:05). 


Fractures, dislocations and sprains 
A total of 104 fractures was sustained by 62 patients. 
Eighteen patients sustained fractures of the head and 
neck which are discussed below. The remainder are 
summarized in Table II. Of 74 trunk or limb fractures 
43 (58 per cent) were compound. 

One closed dislocation of an ankle occurred. 
Sprains were evenly distributed by region: arms, 8; 
legs, 10; head and neck, 10; trunk, 10. At follow-up 
3 patients had permanent limps and 2 had permanently 
defective arms. 


Head injuries 
Eleven patients sustained a fracture of the skull, 
which was compound in 9 cases. Six of these patients 
with skull fractures were concussed and 3 sustained a 
brain laceration, 1 of whom, a soldier, died in the 
casualty department. The other 2 had craniotomies 
and made uneventful recoveries. (One further 
craniotomy was performed on a child who had no 
fracture.) Twenty-eight other patients were concussed 
but had no skull fracture. 

Five patients had fractured noses. Other facial 
fractures were sustained by 6 patients. Two diagnoses 
of post-concussional syndrome were made at follow-up. 


Simple Compound 
Vascular and nerve injury dens A19 patients 
In contrast with the high incidence of such injuries — pori Mirdle- 5 ò 
following the Old Bailey explosion of 3 in 19 inpatients Humerus 1 4 
(Caro and Irving, 1973), only 1 patient in our group Radius/ulna 9 2 
sustained injuries to major peripheral vessels. This Hand 2 8 
was a 4-mm tear of a popliteal artery and a 20-mm 
tear of the accompanying vein, both of which were Legs (32 patients) 
sutured. The same patient sustained partial division Pelvic girdle 3 
of the medial popliteal nerve, which was also sutured. Ser bits n in 
Three other patients sustained damage to major leg Ankie 6 5 
nerves, | to the sciatic nerve and 2 in the lower leg. Foot 4 6 
Two radial nerves were damaged in the upper arm 
and 1 median nerve at the wrist. Recovery was Trunk (4 patients) 
complete in all except the sciatic nerve which only Ribs 2 3 
partially recovered. Vertebrae i 0 
Table HI: PATIENTS WITH INJURY TO TRUNK ORGANS 
Age Sex Abdomen Chest Other injuries Outcome 
28 M Spleen; kidney — Fractured skull; concussion Died (in theatre) 
79 M Superior mesenteric — Unilateral above-knee Died (in ward) 
thrombosis (12 d after amputation 
admission) 
a4 M Gastrointestinal tract; Lung (with open wound) Amputated arm Died (in RICU) > 
liver; inferior vena cava 
64 F Liver c Bilateral above-knee Died (in theatre) 
amputation 
20 M -— Lung (with open wound) Bilateral above-knee Died (in RICU) 
amputation 
16 M Gastrointestinal tract; — I hand amputated, other hand Survived 
adrenal seriously defective 
16 M Gastrointestinal tract; liver — Corneal laceration Survived 
25 M — Bilateral pneumothorax | eye enucleated Survived 
55 F — Pneumothorax (fractured Survived 
ribs) 
25 E — Compound fractures of 3 Facial lacerations Survived 
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Traumatic amputations 

These awesome injuries are probably the most 
dramatic serious consequence of explosions (Fig. 4), 
and affected 20 patients (1-3 per cent of all patients, 
8 per cent of inpatients), of whom 4 died. Seven 
patients sustained bilateral above-knee amputations 
and 1 of these in addition lost an arm. Six patients 
had unilateral above-knee amputations, 2 of whom 
had a below-knee amputation on the other side. Two 
patients had an arm amputated, 1 hand was amputated 
in a patient whose other hand was left permanently 
defective and 4 patients had fingers or toes amputated. 


Eve and ear injuries 
One patient lost the sight of both eyes. Nine patients 
were rendered blind in one eye, 3 of whom also 
sustained major amputations. Two patients had 
defective vision of one eye following repair of corneal 
lacerations. 

Information regarding ear injuries was scanty. As 
a result of the large numbers, not all patients had 
auroscopic examinations and many of those referred 
for ENT assessment failed to appear. The records of 
some who were assessed could not be found. 

It is known, however, that amongst the 535 patients 
who reported between August 1969 and December 
1971 at least 10 had unilateral perforated tympanic 


Table H: DISTRIBUTION OF FRACTURES 





ribs with lung laceration 


RICU, Respiratory Intensive Care Unit. 
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Fig. 5. Comparison of age/sex distribution of all patients and 
those with emotional shock. 
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Fig. 6. Bombing incidents divided according to the 


number of patients brought to hospital and the number of 
admissions. 


membranes and 5 had bilateral perforations. At least 
17 patients from the whole group of 1532 were known 
to have detectable deafness at the time of review of 
their records. Several of these were severely deaf but 
the majority were not seriously incapacitated by their 
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Fig. 7. Timing of patients’ arrival in hospital. 


hearing deficiency. Ten of these 17 were amongst the 
67 who complained initially of deafness. 


Internal organs 

Only 10 patients (0-7 per cent of total, 4 per cent of 
inpatients) sustained injuries to the chest or abdominal 
organs, of whom 5 died. Five also sustained one or 
more major traumatic amputations. Their injuries are 
summarized in Table IH. 

Blast lung was thought to be a probable con- 
tributory factor to respiratory insufficiency in only 2 
patients from the study group, both of whom 
sustained other serious injuries, one a triple amputa- 
tion, the other an above-knee amputation. Both 
survived after prolonged treatment in the hospitals 
Respiratory Intensive Care Unit. 


Burns 

Surprisingly, in this series of patients burns were not 
a major problem, being sustained by 50 patients of 
whom 17 did not require admission. None required 
skin grafting. This contrasts with the Birmingham 
pub bombings, where 19 of 82 patients sustained 
burns, 1 of whom died (Waterworth and Carr, 1975). 
The distribution of burns was arms, 28; legs, 26; head 
and neck, 28; trunk, 8. 


Deaths 
Of the patients who reached hospital alive, only 9 died 
(0-6 per cent of total, 3-6 per cent of admissions). 
Five of these were amongst the 10 who sustained 
injuries to trunk organs (Table IH). The others were: 
1. A bomb disposal officer who sustained multiple 
severe facial lacerations and fractures with con- 
cussion. He also sustained multiple compound 
fractures of the limbs. 
2. A soldier, mentioned under head injuries, with a 
compound fractured skull and severe brain laceration. 
3. A male, age unknown, who sustained multiple 
unspecified wounds of the trunk with bilateral 
severely compound fractures of the tibia and fibula. 
4. A male, age unknown, who was concussed and 
had aspirated vomitus. 


The first three died in the Accident and Emergency 
Department and the fourth in the Respiratory 
Intensive Care Unit. 


Emotional shock 

Under this term we have included those patients in 
whose record the word ‘shock’ was used in the absence 
of serious physical injury, those for whom tea and 
Valium were prescribed, or those for whom terms 
such as ‘hysterical’ or ‘emotionally upset were used 
to describe their reaction. Fig. 5 shows the age/sex 
profile of these patients superimposed on that of the 
whole study group. 

Overall, 772 patients (50 per cent of total) sustained 
psychological shock, of whom 636 (82 per cent of 
emotionally shocked patients) were female. In those 
aged over 70 larger proportions of both males and 
females were emotionally shocked. Only 23 per cent 
of emotionally shocked females sustained any 
physical injury in contrast with 54 per cent of 
emotionally shocked males. It appears likely that the 
majority of these injuries were minor as only 11 males 
and 13 females with both emotional shock and a 
physical injury were admitted. 

True hysterical conversion symptoms occurred in 
10 patients. Four developed carpopedal spasm due to 
hyperventilation, 4 had hysterical paralysis of limbs, 
| had hysterical aphonia and 1 had hysterical 
unconsciousness. 


Logistics 

Number of admissions per incident (January-June 
1972): The number of patients brought to the Accident 
and Emergency Department and the number admitted 
to the wards per incident may be seen in Fig. 6. Of the 
78 explosions, only 13 resulted in more than 20 
people being brought to hospital or in more than 2 
admissions. 

Time of admission (January-June 1972): Fig. 7 shows 
the timing of the 997 patients’ arrival at hospital. 
Fortunately 88 per cent of all patients and 83 per cent 
of inpatients arrived during normal working hours, 
when the hospital would be expected to be fully 
manned and, despite obvious interference with 
routine work, would be best able to cope with the 
added demands. This contrasts with the findings after 
the Belfast riots of 1969 (Rutherford, 1970), when 
most patients arrived between 11.00 p.m. and 4.00 a.m. 
Operations (January-June 1972): No operation was 
required in 775 patients (76 per cent); simple cleaning 
and suture of lacerations was performed in 184 (18 
per cent of total), of whom 149 (80 per cent) were 
treated as outpatients. Fifty-eight patients had other 
procedures performed. As expected from the nature 
of the injuries, these procedures were frequently 
multiple and involved several surgical disciplines. 

Only 4 patients had emergency abdominal laparot- 
omies performed, 1 of whom also had a thoracotomy. 
One other thoracotomy was performed. The other 
major operative procedure was completion of ampu- 
tations. 

There were 3 craniotomies, 6 sutures of a tendon, 
| of an artery, | of a vein, 1 of a nerve and internal 
fixation of 3 fractures. Twenty split-skin grafts were 
required. Five eyes were enucleated and 2 corneal 
sutures performed. To date 10 tympanoplasties have 
been performed for ruptured tympanic membranes 
which failed to heal spontaneously. 
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Discussion 

The bombing campaign 

Terrorist bombing campaigns change constantly in 
response to policy changes and also owing to counter- 
measures by the security forces (Styles, 1972). During 
the period of study several groups of terrorists were 
involved. They often displayed an ambivalent attitude, 
placing bombs in positions of great danger and then 
issuing warnings which not infrequently came too 
late. If the terrorists had intended to inflict maximum 
personal injury the results could have been much more 
devastating. Some of the bombs were used not against 
the public but as booby traps for the security forces. 
In other cases the bombers themselves were the 
victims. 

It should not be assumed that future terrorist 
bombing campaigns either in Northern Ireland or 
elsewhere will follow the same pattern as that described 
in this paper. 


Physical effects of blast 

Injuries due to explosions may be classified into three 
groups (de Candole, 1967). These are: primary blast 
injuries due to direct impact on the tissues of variations 
in environmental pressure; secondary blast injuries 
due to flying debris set in motion by the blast wind, 
ground shock or by gravity (fragmentation); tertiary 
blast effects due to propulsion of the body as a whole. 
Primary blast injuries: Primary blast injuries are 
unique to explosions and have attracted much interest 
(Zuckerman, 1941; Wilson and Turnbridge, 1943; 
White, 1966). Gas-containing organs are pre- 
dominantly affected, in order of susceptibility—the 
ear, the lungs and the gastrointestinal tract. 

Information regarding the effects of blast on the 
ears is scanty, but an intensive otological study of the 
victims of one of the explosions (that at the Abercorn 
Restaurant) has been published (Kerr and Byrne, 
1975). They detected 60 tympanic membrane perfora- 
tions; these were treated expectantly by keeping the 
ear dry and 49 healed spontaneously. Nine patients 
were found to have significant sensorineural deafness 
(assessed as bilateral sensorineural loss of 40 dB or 
greater for speech frequencies). This was undoubtedly 
the commonest primary blast injury. 

The rarity of primary blast lung among those 
admitted to hospital was surprising. Indeed, up to 
August 1976, of the 78 patients admitted following 
explosions to the Respiratory Intensive Care Unit of 
the Royal Victoria Hospital, Belfast (which is a 
referral centre for much of the province), pure blast 
injury was diagnosed in only 8. A mixed pathology, 
probably including blast, was implicated in a further 
5, 2 of whom are from the period under study (Coppel, 
1977). Blast lung is a phenomenon occurring very 
early following exposure to blast and is characterized 
by dyspnoea and a frothy bloodstained pulmonary 
exudate and frequently pneumothoraces. It may be 
suspected later in combination with other factors 
such as aspiration pneumonia, fat embolism syndrome, 
fluid overload or infection. 

In contrast with survivors, primary blast lung was 
seen in 45 per cent of those who died in the campaign 
(Hill, 1977). However, in most of those cases there 
were many other injuries which could have accounted 
for death. 

As regards primary blast injury of the bowel, there 
was no record of any intestinal perforation except 
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where it appeared to be due to flying debris. These 
injuries are seen more frequently in the victims of 
underwater explosions (Huller and Bazini, 1970). 

The size of bomb used in this campaign ranged from 

2 to 200 lb, which is small compared with conven- 
tional military weapons and nuclear explosions. The 
fact that, in air, the intensity of the blast wave falls 
off very rapidly with distance explains the small 
number of patients with primary blast injuries. These 
injuries might be expected to be more common in 
survivors of military explosions. 
Other injuries: The vast majority of injuries in this 
study were due to secondary or tertiary blast effects 
and required common-sense surgical management 
with an emphasis on careful cleaning of wounds and 
avoidance of primary suture if tissue viability or 
residual contamination were in doubt. 

The distribution of these injuries emphasizes the 
protective effect of clothing. The predominance of 
wounds of the head and neck in this study, and also 
in those who died in the bombing campaign (Hill, 
1977), and the relatively large number of amputations, 
confirms that personnel at risk from explosions 
should, where possible, wear helmets with full- 
face visors and well-padded clothing which protects 
the limbs, such as is provided for military 
personnel, 


Overall mortality 

While there were only 9 hospital deaths, many more 
died before reaching hospital. The total mortality 
from bombs in the province during the period was 117 
(Official Sources). As 50 per cent of all patients injured 
in terrorist explosions came to the Royal Victoria 
Hospital, roughly 59 of these deaths might be assigned 
to the Royal Victoria Hospital group. Thus approxi- 
mately 50 people are estimated to have died before 
reaching hospital. This would represent a mortality 
of 3-7 per cent. 


Psychological effects 

If primary blast injuries were fewer than expected, 
psychological disturbances were more frequent, 
affecting 50 per cent of our patients. Much smaller 
percentages were seen following recent English 
explosions. This may be due to the more volatile Celtic 
temperament. 

Patients requiring admission would be expected to 
represent the population at risk in the area of the 
explosion. The proportion of male patients admitted 
was 58 per cent; however, amongst those with 
emotional shock, 82 per cent were women, suggesting 
that they are much more sensitive to this condition. 

Our information regarding late effects is derived 
mainly from compensation claims. Many patients 
claimed to be unable to go out socially or to go 
shopping in the city centre due to intense anxiety. A 
personal impression is that at least some of these 
cases are genuine. Lyons (1974), who examined 100 
patients referred for psychiatric assessment following 
involvement in explosions, was of the opinion that 
their symptoms showed a definite tendency to improve 
with time. 

There are no records of severely injured patients 
who were emotionally shocked. While this could be 
because other features were considered more important 
to record, our impression is that badly injured patients 
were usually calm and cooperative. 


The wider effects of such a campaign on society are 
largely unknown. It has been observed that in areas 
closely involved in the violence male depression and 
suicide rates decrease while in less directly involved 
areas the reverse is true (Lyons, 1972). 


Buildings and organization 

At the Royal Victoria Hospital all the major surgical 
specialties are represented. The new Accident and 
Emergency Department which opened in 1969 has an 
excellent resuscitation room and the capacity to 
accommodate up to 100 patients simultaneously. 
This made the hospital particularly suitable for 
receiving bomb victims, and in the early days of the 
campaign it was designated as the major disaster 
reception hospital. Provided unobstructed transport 
and efficient ambulance crews are available this 
appears to be the best means of utilizing facilities and 
personnel. 

It is felt that people can best deal with the unusual 
medical demands of terrorism in familiar surroundings. 
On only two occasions did doctors go from the 
hospital to provide medical advice at the site. Mobile 
surgical teams were not required for any incident in 
this campaign. 


Conciusions 

Despite the fact that explosions vary greatly in the 
numbers of victims they claim and the nature of the 
injuries they inflict, several general conclusions may 
be drawn: 

]. The majority of patients sustain minor injuries 
and may be treated as outpatients. 

2. Injuries predominantly affect the head and neck 
and peripheries, suggesting that clothing has a 
protective role. 

3. Although injuries to the chest and abdominal 
organs are uncommon after explosions, they are 
associated with a very high mortality. 

4. Primary blast injuries of the lungs and abdominal 
organs are infrequently seen in survivors. It is possible 
they may be responsible for some deaths occurring 
before reaching hospital. 
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Major arterial trauma: review of experience 


with 267 injuries 
J. V. ROBBS AND L. W, BAKER* 


SUMMARY 

Experience with 267 arterial injuries treated over a 3—4- 
year period is reported. Vessels in the lower limb were 
involved most commonly (43 per cent), but there was 
also a relatively high incidence of carotid (13 per cent) 
and subclavian (9 per cent) injuries in this series. 
Penetrating wounds (stab and gunshot) were most 
commonly responsible. We found that serious distal 
ischaemia is uncommon in upper limb injuries, but 
expanding haematoma at the root of the limb is a cause 
of mortality and serious morbidity. Selective use of 
preoperative angiography ts recommended. Successful 
results follow liberal use of interposition grafts after 
wide excision of doubtful vessel, rigorous wound 


excision, delayed primary closure and fixation of 


associated fractures. Repair of concomitant venous 
injuries should always be attempted but is more 
important in the lower than the upper limb. Late 
revascularization in the presence of critical ischaemia 
yields a 50 per cent limb salvage rate, but great care 
must be taken to avoid renal insufficiency and, if it 
occurs, energetic treatment is necessary for survival. 


IN 44 years we have encountered 265 patients with 
267 vascular injuries. A review of this series was 
prompted by the idea that the patterns of injury 
observed and the results achieved ought truly to reflect 
modern vascular surgical practice, because the 
techniques of this specialty are now so well established. 
Our experience has the additional feature of being 
civilian and associated chiefly with low velocity 
injury, and thus may be of more current significance 
than the many excellent studies which have dealt with 
battle casualties. 


Table 1: MECHANISM OF INJURY 


No. yd 
Stab 167 63 
Gunshot 18 7 
Blunt 76 28 
latrogenic 6 2 





Table Hl: TYPE OF ARTERIAL INJURY 


No. yA 
Laceration 96 36 
Transection 133 50 
Contusion with thrombosis 38 14 





Table HI: INJURIES ASSOCIATED WITH 260 
ARTERIAL DISRUPTIONS 





No. p^ 
Major veins 42 16 
Nerves 46 18 
Bones and joints 55 21 
Limb degloving 7 3 
Chest 17 y 
Abdominal viscera 10 4 
Head injury li 4 
Total 188 73 
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Fig. 1. Distribution of arterial injuries in the present series. 


Review of the series 

Distribution, type and mechanism of injury 

The distribution of the injuries is shown in Fig. 1, 
which indicates a higher incidence of popliteal artery 
damage than that usually reported. The low incidence 
of aortic and other abdominal vascular injuries 
reflects the poor prospects such patients have of 
reaching hospital alive or the infrequent use of fire- 
arms, or both. The two commonest mechanisms of 
injury were stabs and blunt trauma (Table 1); the 
latter caused half the lower limb injuries and the high 
incidence is indicative of a large population of 
pedestrians at the mercy of the motor car. Nearly 90 
per cent of upper limb, cervicomediastinal and visceral 
vascular injuries were the result of penetration, and 
this largely accounts for the predominance of lacera- 
tion and transection of vessels over contusion with 
thrombosis (Table Il). Arterial spasm was never 
encountered as a sole cause of ischaemia. 

As befits the violence associated with vascular 
injury, 180 patients sustained other significant injuries. 
Bones, joints, major nerves and major veins were 
most frequently involved (Table HI) In the upper 
limb nerves were most often damaged, while in the 
lower limb musculoskeletal trauma predominated. 
Venous injuries were most frequently associated with 
the carotid artery. 





* Department of Surgery, University of Natal, Durban, South 
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cause-specitic, 
effect...decisive 


in most infections following abdominal 
or gynaecological surgery 


ost of these infections 
are caused by anaerobes 


Post-operative infection is a major complication 
of gastro-intestinal and gynaecological 
surgery. After colonic surgery the incidence 
can exceed 50 per cent: 

In both the colon and the female genital tract, 
non-sporing obligate anaerobic bacilli are 
commonly occurring (and, in the colon, 
heavily preponderant) organisms of the 
normal bacterial flora? * Now, with greatly 
improved techniques of isolation, there is 
increasing awareness of their importance as 
the major pathogens in post-surgical infection 
involving these fields." ^ * 7 

" ..Itis now well established that most of these 
post-operative infections are due to 

anaerobes ...”' 

" .. aerobic bacteria are usually only of 
secondary importance in these clinical 
settings. ? 





lagyl is specifically, 
intensely, consistently 
bactericidal to anaerobes... 


‘Flagyl’ is unique as the only available 
antimicrobial agent with selective activity 
against obligate anaerobes.? ° Experience 
shows it to be consistently, completely 
bactericidal to these organisms? —at serum 
and tissue concentrations well below those 
normally obtained in treatment." ’ 
Bactericidal concentrations are also rapidly 
reached in most other body fluids. 


...and thus dramatically, 
uncompromisingly 
effective in clearing most of 
the infections 


Incisively active against the primary 
pathogens, ‘Flagyl’ is spectacularly successful 
in providing effective antimicrobial therapy in 
most post-operative abdominal and 
gynaecological anaerobic infections. 

“In all our infected patients the clinical and 
microbiological response to metronidazole 
was dramatic. Within12-24 hours the 
temperature and pulse-rate had usually returned 


to normal, the patient looked and felt better... 
There was a strikingly rapid disappearance of 
anaerobic bacteria from pathological 
discharges, which ceased to be purulent and 
offensive and quickly subsided."* 

Even in cases of mixed anaerobic/aerobic 
aetiology, the use of ‘Flagyl’ alone, directed 
against the anaerobic component, has given 
excellent results.’ 

Moreover the results of preventative use are 
equally impressive: 

. considerable reduction in post-operative 
morbidity due to metronidazole prophylaxis... 
has lightened the nursing of patients with 
serious post-operative sepsis by virtually 
eliminating it. "? 






P. lagy! does not have 
the drawbacks of agents 
previously used 





Previously preferred antimicrobial agents 
such as chloramphenicol, lincomycin and 
clindamycin are not consistently bactericidal 
to anaerobes at readily attainable serum 
concentrations -nor completely bactericidal 
to all strains of the major species. They may 
also predispose to resistance of aerobic or 
facultatively anaerobic pathogens.* ° 

‘Flagyl’ reliably anaerobicidal and, through its 
specificity, incapable of inducing aerobic 
resistance,” * ? does not have these 
disadvantages —- which is why itis now 
revolutionizing the management of post- 
operative abdominal and gynaecological 
infections. 






lagyl injection provides 
a convenient new dosage form 
for the seriously ill 





‘Flagyl’ injection for intravenous infusion 
answers the need for conveniently given, 
rapidly effective medication for sepsis 
following major surgery,' especially when the 
infection is well established. High blood levels 
can be very quickly obtained and adequately 
maintained” until the patient is well enough 
to transfer to oral or rectal therapy. 

“We have found intravenous metronidazole to 
be safe, easy to administer, and well tolerated 
by patients...’ 


* compatible in the body with other 
antibacterial agents when combined 
antimicrobial therapy is appropriate? 

x Seventeen years' well tolerated, 
widespread use in other major 
indications 

* now in oral, rectal and i.v. presentations 


references and full prescribing information 
overleaf 
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for intravenous infusion 
in postoperative 
abdominal and 
gynaecological infection 


PRESCRIBING INFORMATION 
tanaerobic infections) 


N.B. Metronidazole has no useful direct 
activity against aerobic or facultatively 
anaerobic bacteria. 


Presentation 


Injection (for intravenous infusion) O.5%w/v 
in 100 ml bottles (500mg metronidazole per 
100mli. 


Uses 


1. Treatment af infections in which 
anaerobic bacteria have been identified or 
are suspected as pathogens, particularly 
Bacteroides fragilis and other species of 
bacteroides and including other species for 
which metronidazole is bactericidal, such as 
fusobacteria, eubacteria, clostridia and 
anaerobic cocci. 

‘Flagyl has been used successfully in: 
septicaemia, bacteraemia, brain abscess, 
necrotising pneumonia, osteomyelitis, 
puerperal sepsis, pelvic abscess, pelvic 
celiulitis, peritonitis and postoperative wound 
infection, from which oneor more of these 
anaerobes have been isolated. 

2. Prevention of postoperative infections 
due to anaerobic bacteria, particularly 
species of bacteroides and anaerobic 
streptococci. 


Dosage and Administration 


in patents with severe anaerobic infection 
for whom oral medication is not possible oris 
contra-indicated; itis partcularty useful in 
emergencies and is indicated in patients 
needing surgery who: 

-have or are believed to have anaerobic 
sepsis such as septicaemia, peritonitis, 
Subphrenic or pelvic abscesses. 

-at operation show signs of established or 
impending anaerobic sepsis, 

-undergo operations in which contamination 
occurs with anaerobes from the gastro- 
intestinal or female genital tractsor the 
oropharynx. 

Ini infants and other patients maintained on 
intravenous fluids, Flagyl injection may be 
diluted with appropriate volumes of normal 
saline, dextrose-saline, dextrose 5% w/vor 
potassium chloride injections (2O0mmol and 
40mmoli. 


1. Treatment: 
Adults and children over 12 years. 


100 mi by intravenous infusion eight- hourly. 
The injection should be infused intravenously 
at the rate of Smi per minute but may be 
administered alone or concurrently (but 
separately) with other bacteriologically 
appropriate antibacterial agents in parenteral 
dosage forms. Oral medication with 400mg 
three times daily should be substituted as 
soon as this becomes feasible. Treatment for 
seven days should be satisfactory for most 
patients but, depending upon clinical and 
bacteriological assessments, the physician 
might decide to prolong treatment e.g. for 
the eradication of infection from sites which 
cannot be drained or are liable to endogenous 
re-contamination by anaerobic pathogens 
from the gut, oropharynx or female genital 
tract, 


Children under 12 years: 


As for adults but the single intravenous dose 
is based on 1.5ml (7.5mg metronidazole} per 
kg bodyweight and the oral dose on 7.5bmg 
per kg bodyweight. 


2. Prevention: 
Adults and children over 12 years: 


100 ml by intravenous infusion immediately 
before, during or after operation, followed by 
the same dose eight-hourly until oral 
medication (200 to 400mg three times daily) 
can be given to complete a seven-day course. 


Children under12 years: 


As for adults but the single intravenous dose 
is based on 1.5ml (7, 5bmg metronidazole} per 
kg bodyweight and the oral doseon 3.7 to 
7.5mg per kg bodyweight. 


Contra-indications 


There are no absolute contra-indications to 
the use of Flagyl intravenous injection for 
anaerobic antibacterial therapy. 


Precautions 


The recommended dosages, frequencies of 
administration and durations of medication 
have been found effective and well tolerated 
in nearly all cases, However, regular clinical 
and biological surveillance are advised if 
administration of ‘Flagyl’ for more than 10 
days is considered to be necessary. 

Clinicians who contemplate continuous 
therapy, for the relief of chronic conditions, 
for periods longer than those recommended 
are advised to consider the possible 
therapeutic benefit against the risk of 
peripheral neuropathy. 

Such evidence as is available suggests that 
patients with various degrees of renal 
impairment handle metronidazole like 
patients with normal renal function. Daily 
dosage may, however, be halved for patients 
with renal failure, if the clinician so wishes, 
as such dosage has been found effective. 

Patients should be advised not to take 
alcoholic drinks during metronidazale 
therapy. 

Metronidazole enhances the activity of 
warfarin and if ‘Flagyl isto be given to 
patients receiving this or other oral anti- 
coagulants the dosages of the latter should 
be recalibrated. 

Pregnant women tolerate metronidazole 
weli and no adverse effect on their offspring 
has been reported. As with all medicines 
‘Flagyl’ should not be given during pregnancy 
or during lactation uniess the physician 
considers it essential. 


Side effects and adverse reactions 


No serious adverse reactions have been 
encountered with the recommended regimes. 
There have been occasional reports of an 
unpleasant taste in the mouth, furred tongue, 
nausea, vomiting {very rarely) and gastro- 
intestinal disturbance. Drawsiness, dizziness, 
headache, ataxia, skin rashes, pruritus, 
inco-ordination of movement and darkening 
of the urine (due to a metronidazole 
metabolite) have been reported but very 
rarely. During intensive and/or prolonged 
metronidazole therapy, a few instances of 
peripheral neuropathy have been reported 
butin most cases thereaction disappeared 
after treatment was stopped or when dosage 
was reduced. A moderate leucopenia has 
been reported in some patients but the white 
celi count has always returned to normal 
before or after treatment has been completed. 
Transient epileptiform seizures have been 
reported in a few patients undergoing 
intensive, high-dosage metronidazole radio- 
sensitisation therapy. 


Treatment of overdosage 


There is no specific treatment for gross 
overdosage of 'Flagyl', but early gastric 
lavage is recommended. Uneventful recovery 
has followed attempts at suicide with 
quantities of 30 and 60 x 200mg tablets. 





Pharmaceutical precautions 
Protect from light. 

Package quantities 

Bottle of 100 m! injection 0.5% w/v. 
Further information 


, Other established indications for ‘Flagy! 


include urogenital trichomoniasis, giardiasis, 
ali forms of amoebiasis, acute ulcerative 
gingivitis and acute dental infections. 'Flagyl 
is also available as tablets and, in some 
territories, as suppositories. 
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Clinical presentation (Table IV) 

The commonest sign was an absent or diminished 
pulse, especially in the lower limb. The features of 
critical ischaemia—muscle tenderness, paralysis and 
anaesthesia—were relatively uncommon. Frank 
ischaemia was not seen with trauma to arteries of the 
upper limb and in only one patient with a brachial 
artery disruption was the hand noticeably cooler. 
Haemorrhage and false aneurysm formation were 
common in the upper limb, but bruits were heard with 
equal frequency in the upper and lower limbs. 

Two or more signs were found in 70 per cent of 
lower limb and 41 per cent of upper limb injuries. 
Thus, injuries to the former are easily recognizable 
provided that the clinician is alert and makes a careful 
examination. By contrast, though brachial artery 
injury is normally diagnosed early, subclavian and 
axillary artery disruption may be overlooked, 
especially if the entry wound is small. The conse- 
quences of misdiagnosis are serious. 


Case 1: A 27-year-old Zulu man was stabbed on the anterior 
aspect of the left shoulder. The initial copious haemorrhage 
stopped after skin suture. The patient returned to work. No 
record was made of the pulse state nor of the presence of 
neurological damage. Five days after the injury the patient 
presented with the acute development of a massive false 
aneurysm and total brachial plexus palsy. He insisted that the 
upper limb had previously been normal. Angiography showed 
a large axillary false aneurysm (Fig. 2). Nine months later the 
total flail limb persists. 


Aorta and visceral arteries: The 7 patients in this group 
all presented with exsanguinating haemorrhage. One 
was returned to the operating theatre 12 h after repair 
of the duodenum for closure of an aortic perforation 
which had resulted in an expanding retroperitoneal 
haematoma, not apparent at the initial operation. 
Carotid artery and major branches: Table V shows that 
half of this group presented with a false aneurysm or 
bruit. The next most frequent sign was hemiplegia or 
hemiparesis. A diminished level of consciousness was 
seen four times and pulsating exophthalmos occurred 
once. Multiple signs were seen in a quarter of these 
patients. 


Investigation 

One hundred and ten patients (41 per cent) were 
submitted to preoperative angiography. Upper limb 
and cervicomediastinal vessels were delineated by 
arch aortography using the retrograde femoral 
Seldinger technique. Lower limb vessels were best 
demonstrated by direct femoral arterial puncture. 
The only complication was one episode of transient 
mental confusion following arch aortography. 


Management and results 
Our treatment followed standard lines (Table VI). 
Before attempting arterial reconstruction, the damaged 
segment was excised or the margins of the defect 
trimmed until healthy arterial wall was exposed. 
Proximal and distal regional heparinization was used 
routinely with a solution of 10 000 units per litre of 
isotonic saline. A balloon catheter was passed distally 
when back-bleeding was poor and thus patency 
suspect. We now believe that this should be done 
routinely to remove thrombus and produce distal 
vasodilatation. 

Simple methods of repair by lateral suture, end-to- 
end anastomosis or patch angioplasty were possible 
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Fig. 2. Arch aortogram showing a false aneurysm arising 
from the axillary artery. 





Fig. 3. Diagram illustrating the surgical approaches to the 
subclavian and axillary arteries. 


only in about a quarter of the injuries. An inter- 
position graft was necessary far more frequently, the 
long saphenous vein being used in the majority of 
cases. Ligation was reserved for arterial injury in the 
presence of frank sepsis or when the general condition 
of the patient precluded a prolonged reconstructive 
procedure. 

The arterial and venous components of arterio- 
venous fistulas were repaired on their merits with 
muscle flap interposition. Major vein ligation was 
necessary on 13 occasions, while reconstruction 
procedures were attempted in 29 patients. Primary 
amputation of the lower limb was performed for 
irreversible ischaemia once and amputation was later 
necessary in 3 other patients who had multiple injuries 
with severe associated nerve, soft tissue and bony 
injury. 

Primary skin closure of the wound was not 
attempted when penetrating wounds were more than 
6-8 h old or in the presence of extensive associated 
soft tissue injury or contamination. The vascular repair 
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Table IV: CLINICAL PRESENTATION OF ARTERIAL 
INJURIES TO THE EXTREMITIES 


Upper limb Lower limb 
(112 injuries) (114 iniuries 
No. A No. pA 
Haemorrhage 2B 25 21 18 
False aneurysm 53 47 43 37 
Pulse deficit 64 57 79 69 
Temperature change 1 | 61 54 
Muscle rigidity 
Paralysis } 0 0 15 13 
Anaesthesia 
Fixed skin staining Ü Q 2 2 
Bruit 14 13 i2 1} 


Multiple signs 46 4i 80 70 


Table V: CLINICAL PRESENTATION OF 34 
CAROTID INJURIES 


No. pid 
Haemorrhage 6 18 
False aneurysm 17 50 
Bruit 14 4] 
Hemiplegia 7 21 
Unconscious 4 12 
Pulsating exophthalmos i 3 
Multiple signs 8 24 


Table Vi: TREATMENT OF ARTERIAL INJURIES 





No. yA 
Lateral suture 29 i] 
Patch angioplasty 17 6 
End-to-end anastomosis 34 13 
Vein graft 128 48 
Prosthetic graft Í — 
Ligation 51 19 
Internal aneurysm wiring I — 
(inaccessible internal carotid) 
Primary amputation 4 l 
Refused treatment (brachial 2 12 
artery) 
Total 267 109 





Table VII: BONE AND JOINT INJURIES 
ASSOCIATED WITH ARTERIAL INJURY TO THE 
LOWER LIMB 





Fractures 

Pubic ramus 4 
Femur 

Shaft 18. (3) 
Condyies 3 (23 
Tibia 

Upper shaft I} (3) 
Cond yles 7 
Dislocations 

Knee 9 (2) 
Total S2 (10) 


ATTTORO TI HU TTITHHASUAMIEI HIT Hm m ee HT Te tt PAM EOT AAA rrr ah 
Figures in brackets denote patients with compound injuries. 


was covered with nearby muscle and the wound 
closed by delayed primary closure 5-7 days later. The 
operative field was routinely irrigated with a variety 
of broad spectrum antibiotic solutions. Systemic 
broad spectrum antibiotic administration was not 
routinely used, but reserved for patients with wounds 
more than 6-8h old, with extensive soft tissue 
damage or with frank contamination. 


Specific problems 

Carotid artery and major branches (34 patients): Two 
deaths occurred in this group. In one the common 
carotid laceration was complicated by a severe head 
injury. The second patient sustained a cervico- 
mediastinal stab wound with transection of both 
common carotid arteries which arose from a short 
common trunk on the aortic arch; the right sub- 
clavian arose from the descending thoracic aorta, 
but the preoperative angiogram had been misinter- 
preted. The anatomical situation was not appreciated 
by the surgeon at operation, a shunt was not used and 
the patient died in a decerebrate state a week later. In 
19 patients common carotid artery reconstruction was 
carried out without an intraoperative arterial shunt. 
No neurological sequelae developed. The external 
carotid artery or its branches was successfully ligated 
in 10 patients. 

Internal carotid reconstruction in the neck was 
successfully carried out in 2 patients using an intra- 
luminal shunt. A third patient presented with an 
expanding false aneurysm extending into the skull. 
Intraluminal wiring arrested expansion, but resulted 
in dysarthria and a right hemiparesis. In one patient a 
fistula persists between the vertebral artery and 
internal jugular vein despite quadruple ligation. 
Upper limb arteries (112 patients): Three patients with 
proximal subclavian artery transection died. All were 
severely shocked, had severe respiratory embarrass- 
ment owing to haematoma in the superior medi- 
astinum and developed cardiac arrest during induction 
of anaesthesia. Death occurred within 48h of 
operation. 

In our early cases surgical access to the first part of 
the subclavian artery was achieved via total median 
sternotomy (5 cases). More recently (7 cases) we have 
used a limited sternotomy in which the sternum is 
split from manubrium to third intercostal space with 
lateral division of the sternum at this point (Fig. 3). 
The intercostal space is not entered, but the sternal 
halves are prised apart using a self-retaining retractor 
while the pleura and great veins are gently swept 
aside. In this way it is possible to obtain excellent 
exposure down to the arch of the aorta in the extra- 
pleural plane. The advantages are speed and a good 
exposure without obtrusion of the lung into the 
operative field and without the postoperative morbidity 
of a total sternotomy. 

In 24 patients the second and third parts of the 
subclavian and proximal axillary vessels were 
approached by division of the pectoral muscle attach- 
ment as well as the clavicle at the junction of its 
middle and lateral thirds (Fig. 3). Supraclavicular 
dissection down to the subclavian vessels with a 
separate distal exposure is unsatisfactory because of 
inadequate exposure and failure to control collaterals 
behind the clavicle. Direct approaches should only be 
used for injuries to the distal axillary and brachial 
arteries. 

Two patients with a false aneurysm arising from a 
stab wound involving the proximal axillary artery 
presented more than 24 h after injury. Both sustained 
a massive secondary haemorrhage about 5 days after 
reconstruction. Ligation was required in both and one 
eventually had an above-elbow amputation. 

All patients having subclavian and axillary recon- 
structions regained wrist pulses but in a small propor- 
tion (13 per cent) of those having brachial artery 


reconstructions it was absent. One patient is known 
to claudicate in the hand and forearm, but long term 
follow-up is required in order to draw more definite 
conclusions regarding the general incidence and extent 
of this problem. 

Lower limb arteries (114 patients): Three patients with 
multiple injuries died of causes not related to the 
arterial surgery; they all had primary amputations 
performed. One additional patient had a primary 
amputation for frank gangrene after popliteal artery 
thrombosis. 

Major amputation after arterial repair was necessary 
in a further 12 patients. Six of the 12 amputees had 
injuries involving the popliteal arteries. Failure of the 
repair occurred within 48 h in 9 of these 12; 6 initially 
presented with signs of grave ischaemia and the recon- 
struction probably failed because of inadequate run-off. 

Extensive musculoskeletal injuries were present in 
4 patients and in these subsequent infection occurred. 
One, with iliac artery thrombosis complicating a 
pelvic fracture, in whom distal thrombus had been 
extracted at the initial operation, developed subse- 
quent thrombosis in the popliteal vessels. There was 
an unsuspected arterial injury at this level related to 
an undetected knee injury. Three patients who had 
successful repairs of the femoral artery performed 
sustained exsanguinating secondary haemorrhage 5 
days after surgery and proximal arterial ligation 
resulted in gangrene. These 3 had extensive compound 
soft tissue injuries following gunshot injury or blunt 
trauma and the skin wounds had been sutured 
primarily. All these patients had received parenteral 
broad spectrum antibiotics. 

The bone and joint injuries associated with lower 
limb arterial damage in the lower limb are summarized 
in Table VII. Of these, 20 per cent were compound. 
Closed femoral fractures were treated by internal 
fixation while compound fractures in this area were 
managed by skeletal traction using Denham pins. 
Fractures and dislocations related to the knee joint 
were managed by a plaster-of-Paris back slab. 

Massive degloving injuries with muscle necrosis 
followed crush injury to the lower limb in 5 patients. 
After vascular repair the patients were returned to the 
operating theatre at 48-h intervals for excision until 
no further tissue necrosis was evident. Skin was then 
obtained using split skin grafts. Three of these patients 
are now walking. In 2 sepsis necessitated amputation. 

Arterial reconstruction in the presence of signs of 
critical ischaemia such as paralysis, anaesthesia and 
markedly increased muscle turgor with tenderness was 
attempted on 14 occasions. Limb salvage was achieved 
in 8 cases, in 2 of whom minor foot amputations 
became necessary. Six had major amputations per- 
formed. Two patients developed acute renal failure 
(crush syndrome) which was successfully treated by 
haemodialysis and one patient had disseminated 
intravascular coagulation after a massive blood 
transfusion. 

Fasciotomy was performed in a quarter of the lower 
limb injuries; it was reserved for those patients who 
had extensive soft tissue injury, or who had increased 
tissue turgor at the commencement or conclusion of 
the procedure. We have found that a long medial 
incision extending from the thigh to behind the medial 
malleolus, as well as an incision along the full length 
of the anterior compartment, provides adequate 
decompression. Closure is performed 5-7 days later by 
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split skin grafting or suture if the wound is healthy. 
Septic complications were minimal and did not 
contribute significantly to morbidity. 


Discussion 

In civilian practice the prevalence of arterial injury 
appears to be increasing. In most published series 
penetrating wounds caused either by low velocity 
missiles or by sharp penetrating instruments pre- 
dominate and blunt injuries are relatively infrequent 
(Patman et al., 1964; Perry et al., 1971; Reul et al., 
1973; Hardy et al., 1975; Bole et al., 1976; Burnett et 
al., 1976). In the present report the proportion of 
blunt injuries is greater and similar to that found in 
recent Australian (Little and May, 1972) and Canadian 
(Golman et al., 1965) series. Cardiac catheterization 
is a small but increasing cause of femoral artery 
thrombosis (this occurred in 4 of our patients, 3 of 
whom were under the age of 12 years). Whitehouse 
and his colleagues (1976) noted that 85 per cent of 
children submitted to retrograde femoral catheteri- 
zation developed diminution in leg pulses and growth 
disparity in that limb. The latter may persist despite 
later reconstruction. These changes were more marked 
in the lower limb. We recommend that arteriography 
in the young be used with great discretion and that a 
careful watch be kept on limb pulses following the 
procedure and prompt reconstruction performed 
when necessary. 

Although distal arterial collapse occurs in every 
arterial injury, in no case in this series could spasm in 
isolation be cited as the cause of ischaemia. In every 
instance underlying organic obstruction was demon- 
strated. This is in agreement with the findings of 
Drapanas et al. (1970). Other authors report an 
incidence of between 0-6 and 6 per cent (Patman et al., 
1964; Parry et al., 1971; Little and May, 1972; Hardy 
et al., 1975; Gile et al., 1976). We are loath to accept 
spasm as a diagnostic entity in the traumatized artery 
and a meticulous effort must be made to exclude a 
structural lesion. 

Early diagnosis is the result of alertness on the part 
of the clinician (Patman et al., 1964; Golman et al., 
1965; Drapanas et al., 1970; Perry et al., 1971; Little 
and May, 1972: Pradhan et al., 1972; Wright and 
Edwards, 1973; Lord and Irani, 1974; Smith et al., 
1974; Waddell and Lenczner, 1974; Hardy et al., 
1975; Hegarty et al., 1975; Rich et al., 1975a; Gile et 
al., 1976). We have been struck by the frequency with 
which proximal upper limb arterial damage is 
associated with complications related to haemorrhage 
and false aneurysm formation, whereas  overt 
ischaemia is infrequent because of the rich collateral 
network. A major problem in our experience is the 
presentation of patients 5-7 days after penetrating 
injuries involving the subclavian or axillary artery 
with false aneurysms causing compression of the 
brachial plexus (Robbs and Baker, 1977). In order to 
prevent disasters of this nature, we urge that careful 
consideration be given to the possibility of subclavian 
or axillary artery injury in the presence of penetrating 
wounds on the anterior aspect of the shoulder or root 
of the neck. Excessive haemorrhage, haematoma, 
shock, absent or diminished wrist pulse, the presence 
of a bruit or an injury to anatomically related nerves 
should prompt an arch aortogram. By contrast, 
brachial artery injuries present little diagnostic 
problem. 
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Lower limb arterial disruption is more easily 
diagnosed without ancillary aids because of a pulse 
deficit and ischaemia, but it must be emphasized that 
injuries may be missed if not specifically sought. A 
penetrating abdominal wound which is associated with 
an arterial injury is usually obvious to the clinician. 

The value of angiography when dealing with arterial 
trauma is well recognized (Patman et al, 1964; 
Golman et al., 1965; Doty et al., 1967; Drapanas et al., 
1970; Perry et al, 1971; Little and May, 1972; 
Piyachon and Arthachinta, 1973; Reul et al., 1973; 
Wright and Edwards, 1973; Lord and Irani, 1974; 
Smith et al., 1974; Hardy et al., 1975; Hegarty et al., 
1975; Rich et al., 1975a; Bole et al., 1976; Hewitt et 
al., 1976; Robbs and Baker, 1977), but few authors 
advocate its routine use. Certainly, lower limb arterial 
disruption can be diagnosed and localized by clinical 
examination, and angiography should never delay 
operation (Golman et al., 1965; Smith et al., 1974; 
Waddell and Lenczner, 1974). All forms of angio- 
graphy should be used with caution in the small 
vessels of children. In at least two circumstances 
angiography is essential: when cervicomediastinal 
trauma is evident or suspected then arch aortography 
permits accurate anatomical diagnosis and the 
planning of the operative approach (Rich et al., 1973; 
Smith et al, 1974; Hewitt et al., 1976; Robbs and 
Baker, 1977); if fractures are present distal to the 
site of arterial reconstruction, intraoperative arterio- 
graphy is imperative to exclude additional sites of 
arterial injury. Failure to adhere to this principle 
resulted in amputation in one of our cases. There is, 
of course, a theoretical risk of false negative angio- 
graphy causing delay in definitive treatment (Patman 
et al., 1964; Perry et al., 1971), but we have not found 
this a problem, though misinterpretation can occur. 
A less certain indication for radiographic studies is in 
the delineation of arteriovenous fistulas (Hegarty et 
al, 1975; Rich et aL, 1975b); interpretation may be 
difficult and misleading in view of the rapid circulation 
(Hewitt et al., 1973; Montales et al., 1973). Finally, 
routine intraoperative angiography has been 
advocated to prevent early failures due to technical 
error (Rich et al., 1975a; Bole et al., 1976), but we 
have no experience of this. All things considered, the 
discriminate use of angiography has provided an 
extremely useful ancillary tool in the management of 
arterial trauma. 

Probably the greatest difficulties with regard to 
surgical access are encountered with the subclavian 
and proximal axillary vessels. We are in full agree- 
ment with Imamoglu et al. (1967) and Hewitt et al. 
(1976) that the best exposure to the proximal sub- 
clavian artery is a total median sternotomy. However, 
the not inconsiderable postoperative morbidity leads 
us now to favour a more limited sternotomy, down to 
the third intercostal space, without opening the pleura 
(Robbs and Baker, 1977). The alternative ‘trapdoor 
flap' created by dividing the intercostal muscles, in 
which the pleural cavity is entered (Imamoglu et al., 
1967; Rich et al, 1973; Hewitt et al., 1976), is not 
satisfactory because of obtrusion of the lung into the 
operative field. The second and third parts of the 
vessel are best exposed by division of the clavicle with 
the arm abducted to 90° (Robbs and Baker, 1977). 
Approaches to arteries of the lower limb usually 
present little difficulty. However, we strongly recom- 
mend that the medial approach be made to the 


popliteal vessels so that an adequate vein graft may 
be taken if required, without repositioning of the 
patient. 

End-to-end anastomosis without tension was 
possible far less frequently in this series than in others 
reported previously (Patman et al., 1964; Drapanas 
et al., 1970; Perry et al., 1971; Rich et al., 1973; Bole 
et al., 1976; Burnett et al., 1976; Gile et al., 1976). It 
is important that the artery be cut back to healthy 
vessel wall and, in the case of bullet wounds or 
oblique through-and-through stabs, 4-5 cm of artery 
may have to be excised. Unless a single tethering 
stitch can hold the ends in apposition without con- 
torting the limb, tension is excessive and invites 
failure. Under these circumstances an interposition 
graft must be used. In view of its strength and 
calibre the reversed long saphenous vein is undoubtedly 
superior to the cephalic or other minor veins and far 
preferable to synthetic material. We used only one 
Dacron prosthesis. The fate of prosthetic arterial 
grafts in repairs has been discussed by Rich and 
Hughes (1972), where 26 out of 34 patients had 
complications directly related to the graft. The 
amputation rate was 50 per cent compared with 15 
per cent when vein grafts were employed, though 
these authors do report success when aortic replace- 
ments have been performed in a contaminated field. 
The experience of others lends weight to this report 
(Patman et al., 1964; Hughes, 1971; Perry et al., 
1971; Hardy et al., 1975). 

Vein patch angioplasty should be employed for 
lateral closure if there is any likelihood of stenosis 
after excision of the wound edges. Gorman (1968) 
indicated that all popliteal artery injuries in which 
lateral suture was attempted without a patch required 
re-exploration, which correlates in general with our 
experience. 

Ligation should generally be reserved for poor risk 
patients or those in whom the operative field is greatly 
contaminated. We have ligated radial, ulnar and 
tibial vessels with no adverse sequelae, although 
Burnett et al. (1976) advocate repair. However, 
among combat casualties the amputation rate was 
higher for injuries to minor arteries than to major 
vessels (Jahnke and Seeley, 1953). 

Repair of arteriovenous fistulas presents challenging 
problems. In general, one must strive to repair both 
artery and vein with an interposition musculofascial 
flap between the suture lines to prevent recurrence. 
Eight per cent of fistulas are multiple and additional 
operations may be required in some patients (Rich 
et al., 1975b). Montales et al. (1973) stress that the 
irajectory of the penetrating agent should be care- 
fully traced and Hardy et al. (1975) advocate the 
intraoperative use of a sterile stethoscope to ensure 
closure of all fistulas. Major problems in our 
experience have been associated with fistulas involving 
carotid and vertebral systems, especially near the base 
of the skull. 

Whenever possible, major veins have been repaired, 
but this is not important in the upper limb, where on 
only two occasions did significant oedema result after 
axillary vein ligation, resolving within 48 h in both 
instances (Robbs and Baker, 1977). Three patients 
in whom a femoral venous repair failed have chronic 
ankle oedema and require elastic. support. Other 
authors have reported a similar experience and 
emphasize the importance of lower limb reconstruction 


(Perry et al, 1971; Rich et al, 1973; Rich et al, 
1975a). 

Reasons for failure following arterial reconstruction 
include excessive anastomotic tension, poor intimal 
coaptation, particularly if adventitia is inverted into 
the lumen, inadequate distal run-off and stenosis at 
the suture lines (Patman et al., 1964; Drapanas et al., 
1970; Perry et al., 1971; Burnett et al., 1976). Back- 
bleeding has been regarded as a good index of distal 
run-off. However, a short proximal collateral may 
still cause some back-bleeding in the presence of 
distal clot. Conversely, there may be little or no back- 
bleeding, even with a patent arterial tree (Gorman, 
1968; Hardy et aL, 1975), and spasm can then be 
invoked as a cause. The most effective way to over- 
come this is by the distal passage of a balloon 
catheter; other means of treating spasm are less 
effective (Patman et al. 1964). The additional advan- 
tage of routine use of the embolectomy catheter is to 
extract thrombus and ensure distal patency. 

Sepsis is a major contributing factor towards late 
failure due to secondary haemorrhage or thrombosis. 
Primary skin closure is contraindicated in con- 
taminated wounds, penetrating wounds presenting 
with false aneurysm more than 6-8 h old and wounds 
with extensive associated soft tissue damage. The 
arterial repair should be covered with a muscle flap 
and the wound liberally irrigated with antibiotic 
solution. In addition, parenteral broad spectrum 
antibiotic therapy should be administered under 
these circumstances (we do not, however, advocate 
routine use of prophylactic antibiotics for all arterial 
injuries). This policy of wound management has 
eliminated problems related to secondary haemor- 
rhage. In degloving injuries following crush trauma, 
extensive excision is mandatory. In no circumstances 
must skin closure be attempted and the wounds should 
be inspected at 48-h intervals, with further excision of 
devitalized tissue until a static state is reached. 
Primary application of skin graft to the arterial repair 
when difficulty is experienced in obtaining soft 
tissue cover has recently been reported by Gingrass 
et al. (1973). We have not found this necessary as yet, 
but it may provide a useful adjunct. 

Arterial injuries of the extremities associated with 
long bone fractures are generally associated with a 
lower salvage rate (Doty et al., 1967; Pradhan et al., 
1972; Hewitt et al, 1973; Waddell and Lenczner, 
1974; Rosental et al, 1975). This is attributed to 
diagnostic delays, greater soft tissue damage with 
destruction of collaterals and increased liability to 
infection. Internal fixation of closed long bone 
fractures has proved the most favourable method of 
management. However, in compound injury external 
fixation by skeletal traction is preferable (Doty et al., 
1967; Pradhan et al., 1972; McNamara et al., 1973; 
Waddell and Lenczner, 1974; Hardy et al, 1975; 
Rosental et al, 1975). It is generally stated that 
fracture fixation should be performed first to avoid 
disrupting the arterial repair, but we have always 
dealt with the arterial injury first and have not to date 
regretted this approach. Similar experience has been 
reported by others (Hardy et al., 1975; Rosental et 
al., 1975). 

Revascularizing an irreversible ischaemic limb may 
be dangerous, but this state is difficult to define 
accurately (Golman et al., 1965). With the exception 
of fixed skin staining, all other signs of grave ischaemia 
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such as anaesthesia, paralysis or increased muscle 
turgor, should not preclude arterial reconstruction. 
Of 14 patients in this category, limb salvage was 
achieved in 8, all of whom are ambulant, though fore- 
foot amputations were necessary in 2. These patients 
must be carefully monitored for renal failure and 
treated early and aggressively in order to achieve 
good results. 

Arterial repair should always be performed in the 
presence of apparently hopeless nerve damage 
because accurate objective assessment is difficult in 
the presence of ischaemia, in the inebriated patient 
or in the emergency situation. This applies particularly 
to brachial plexus lesions. Compression neuropraxia 
may continue to show improvement for 6 months or 
more (Sarkin, 1975; Robbs and Baker, 1977). 
Patients with lesions of the upper brachial plexus may 
have remarkably good function restored by the use of 
tendon and muscle transfer procedures, though recon- 
struction of the nerves themselves is usually unreward- 
ing (Sarkin, 1975; Sarkin, 1977). 

Fasciotomy is a well-established adjunct to limb 
revascularization. We selectively perform fasciotomy 
when increased tissue turgor is noted before or at 
conclusion of the operation, when extensive deep 
haematoma is present, in the presence of grave 
ischaemia or when venous compromise is likely, It 
must be emphasized that all revascularized limbs 
must be carefully watched for the onset of deep 
compartment oedema so that prompt fasciotomy can 
be performed if indicated. We favour long open 
fasciotomies to guarantee decompression (Perry et al., 
1971; Burnett et al., 1976; Gile et al., 1976). In the 
lower limb decompression through separate incisions 
along the medial aspect of the knee and calf down to 
the medial malleolus as well as the anterior tibial 
compartment on the anterolateral side has proved 
adequate and we have no experience with fibulectomy 
as suggested by Lord and Irani (1974). Subcutaneous 
fasciotomies have not been satisfactory in our hands 
(Patman et al, 1964; Gorman, 1968; Hardy et al., 
1975). 
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A method of grafting hand burns following early excision 


D. M. DAVIES AND A. M. YIACOUMETTIS* 


SUMMARY 


Early excision and delayed primary grafting of burns of 


the hand is presented as a method of achieving rapid 
healing, thus allowing early full mobilization. The 
results of 19 consecutively treated patients are reported. 


OF patients admitted to this unit, 55 per cent have 
burns involving their hands, making this an important 
problem, compounded by the fact that many patients 
with burns of the hands only are treated in general 
hospitals and not referred to specialist units. Both the 
dorsal and palmar aspects of the hand are commonly 
burnt, but the palmar skin being thicker and thus more 
resistant to the effects of heat, damage is almost always 
only superficial; conversely, the skin on the dorsum 
of the hand is thinner, resulting in deeper burns. All 
electrical burns have been excluded, as they present 
different problems in their management. 

The morbidity from burnt hands is produced by 
tight, inelastic skin which requires secondary release 
by Z-plasty or further skin grafting, and by stiff finger 
joints produced by collateral ligament contracture 
and adhesion. We believe that by reducing the initial 
oedema by early adequate elevation and compression, 
and by achieving early healing of the wound by 
tangential excision and delayed grafting, the late 
complications of this injury can be improved. 


Methods 

On admission an early assessment of the depth and extent of 
the burn is made. If the fingers or the dorsum of the hand are 
grossly swollen or the circulation is impaired then deep 
relieving incisions are performed. Dead epidermis, foreign 
bodies and debris are washed off with Savlon. The hand and 
digits are individually dressed in an occlusive dressing of tulle 
gras, gauze, cottonwool and crépe bandage. The complete 
dressing is then enclosed in Netelast which is secured with a 
further crépe bandage and the hand is elevated as high as 
possible by suspending it from a drip stand (Fig. 1). 

Forty-eight hours later the pressure dressing is taken down 
and the burn redressed; a decision is then made on further 
management. Hands with obvious superficial burns are 
mobilized by placing them in polythene bags, treating them 
with silver sulphadiazine cream and again elevating them. 
Deep dermal, full thickness and mixed burns are considered 
suitable for early excision. If the general condition of the patient 
is satisfactory and early excision is indicated, then the patient 
is routinely placed on a prophylactic antibiotic and cross 
matched for blood, as considerable blood loss can occur during 
and after operation. 

Under a general anaesthetic, using a tourniquet, the burn is 
excised tangentially with a Watson’s knife down to viable 
tissue and haemostasis is achieved by diathermy of the major 
bleeding vessels. The wound is dressed with reconstituted 
porcine skin (Corethium I) and rebandaged as before and 
elevated. Thiersch grafts obtained at this operation are stored 
at 4 °C. 

Twenty-four hours later under intravenous analgesia and 
sedation, and with the patient’s cooperation, the porcine skin 
is removed. Any haematoma is wiped away with hydrogen 
peroxide solution and the wound is irrigated with normal 
saline. The stored Thiersch grafts are then applied on the raw 
areas. These are covered with tulle gras and gauze and bandaged 
with Superex polypropylene bandages (Yiacoumettis and 
Davies, 1978). An Orthoplast splint is moulded on to the 





re 





Fig. 1. Compression dressing and high elevation. 


palmar aspect of the hand to produce 20-30° dorsiflexion at 
the wrist and 70° of metacarpophalangeal joint flexion and 
the fingers are extended. The thumb is held in abduction and 
extension to maintain the web space. The hand is again 
elevated (Tanigawa et al., 1974). 

Four days after grafting, the hand is inspected. A good take 
of graft is usually achieved and only one patient required 
secondary grafting with stored skin. Small unhealed areas are 
dressed with Eusol and paraffin emulsion until healed. At the 
same time the rest of the hand is exposed and actively mobilized 
with physiotherapy twice a day and splintage at night. All 
patients are fitted with Jobst gloves which should be worn 
continuously to eliminate hypertrophic scarring and con- 
tractures (Larson et al., 1970). 


Results 

The clinical details and results of the 19 patients 
treated in this series are seen in Table I. At follow-up 
3-9 months later all the hands were independently 
assessed by a consultant plastic surgeon. The results 
were classified as: (a) good—full mobility with lax 
dorsal skin; (b) fair—local discomfort or tight dorsal 
skin impairing full mobility but not requiring secondary 
operation at the time of follow-up; (c) poor—impaired 
function requiring secondary operation. These results 
may be compared with a control group consisting of 
18 consecutive patients whose hands were treated with 
silver sulphadiazine and by initial mobilization inside 
a polythene bag. This has been the routine treatment 
for all hand burns on admission (Table II). 


* The McIndoe Burns Research Unit, East Grinstead, Sussex. 
Correspondence to: A. M. Yiacoumettis. 
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Table 1: RESULTS AFTER EARLY EXCISION (19 PATIENTS, 29 HANDS) 


Age 
Patient (yr) Cause of burn Hands Aspect 
LC. 62 Gas explosion L Dorsum 
R Dorsum 
G. H. 29 Fiame L Dorsum 
R Dorsum 
M.P. 33 Flame R Dorsum 
T. W. 33 Electrical flash L Dorsum 
D. L. 46 Fiame L Dorsum 
Palmar 
R Dorsum 
Palmar 
B. R. 3 Scald L Dorsum 
Palmar 
B. K. 38 Flame L Dorsum 
R Dorsum 
K.P 22 Fiame E Dorsum 
S. G,” 60 Flame L Dorsum 
Palmar 
T. R 29 Gas explosion L Dorsum 
R Dorsum 
A. B 38 Flame R Dorsum 
L Palmar 
S.G. as Explosion L Dorsum 
R Dorsum 
A. U. 34 Flame R Dorsum 
T. L. 32 Flame L Dorsum 
R 
IK. 33 Molten metal L Dorsum 
Palmar 
A. M. 51 Explosion L Dorsum 
R 
D.C. 10 Flame E Dorsum 
R 
J. B. 44 Flame R Dorsum 
D. D. 34 Flame L Dorsum 
Palmar 


Follow-up 
Initial diagnosis Day of Day (mth) 
of depth operation mobilized and result 
Mixed 6 E S 
Mixed Good 
Mixed 5 IU 3 
Mixed Good 
Mixed 6 il 5 
Good 
Full-thickness 6 li 3 
Good 
Mixed 
Partial-thickness 3 10 3 
Good 
Deep dermal 
Partial-thickness 
Full-thickness 
Full-thickness 7 l2 3 
Poor 
Deep dermal 6 12 4 
Deep derma! Good 
Full-thickness 5 li 5 
Poor 
Full-thickness 4 9 3 
Mixed Fair 
Mixed 8 13 4 
Mixed Good 
Full-thickness 7 12 3 
Fair 
Full-thickness 6 12 9 
Poor 
Deep dermal 5 10 No follow-up 
Full-thickness 3 8 3 
Good 
Full-thickness 3 8 3 
Good 
Full-thickness 4 9 3 
Fair 
Full-thickness 3 8 3 
Good 
Mixed 4 9 3 
Good 
Mixed 5 11 3 
Good 





* This patient was the only one to require secondary grafting. 


Discussion 

The importance of early mobilization following burn 
injury to the hand is well known. It is for this reason 
that the method of using a polythene bag occlusive 
dressing has been followed by many (Slater and 
Hughes, 1971). Many burnt hands are already swollen 
at the time of admission, and we have experienced 
difficulties in obtaining adequate elevation of the 
hand once it has been placed in a polythene bag. We 
therefore feel that pressure dressing facilitates elevation 
of the hand and will lessen oedema and pain. Re- 
assessment of the depth of the burn is easier after this 
period of elevation. 

From our control series it can be seen that super- 
ficial burns treated in polythene bags will be healed 
in 2 weeks and in the younger age group produce good 
results. The problem lies in inaccurate initial diagnosis. 
Nine hands were expected to heal within 2 weeks and 
in fact took between 3 weeks and 3 months, thus 
indicating incorrect diagnosis and also a failure to 
change the course of treatment once the error became 
apparent. These hands produced poor results in 
general. The diagnosis of the depth of the burn is 
further complicated by the use of silver sulphadiazine 





cream within the bags, as this produces a macerated 
burn surface. 

By allowing a deep dermal or full-thickness burn to 
heal spontaneously or by performing secondary 
grafting (i.e. on granulating surfaces) the amount of 
scarring is greater. On the dorsum of the hand, loss of 
the subcuticular lax tissue results in tight, immobile 
skin. Early excision down to the zone of stasis in deep 
dermal burns provides a suitable bed for grafting, as 
shown by Janzékovié and others (Jackson and Stone, 
1972; Lawrence, 1975; Janzékovic, 1977). The 
desloughing operation should be carried out as early 
as possible and under optimal conditions. 

The main problems of early excision and grafting 
of any burn, and in particular those of the hand, are 
(a) excessive bleeding and (b) haematoma formation 
under the grafts. These problems are accentuated in 
tangential excision, as the sharply cut blood vessels 
continue to ooze despite meticulous and laborious 
haemostasis. We only diathermize the major vessels 
and apply the reconstituted porcine skin under a 
pressure dressing. Control of oozing is also aided by 
elevation. The porcine skin, being a biological dressing, 
protects viable epithelial elements as well as helping 
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available as capsules, vials for injection, and fruit flavoured syrup. 


Em Full prescribing information is available on request ‘regd 
Beecham Research Laboratories Brentford, England. 
as C Rg } 1 


A branch of Beecham Group Ltd. f 


Reliable antibiotic cover for the at-risk patient. eet 





Br. J. Surg. Vol. 65: August 1978 
43 





Xiii 


mightier than 
knife 


Now there is a practical alternative to surgery 
for calcium renal lithiasis: long-term prophylaxis with 
Z yloric. 

Zyloric has proved effective in preventing and 
treating calcium renal lithiasis in patients with raised 
serum or urinary uric acid. 

In a recent trial; 48 patients with hyperuricosuria 
were treated with Zyloric for an average of 3.88 patient 
years. The number of renal stones predicted for this 
period was 94.9. The actual number of stones formed 
was 8. Prior to treatment with Zyloric, half of these 
patients were hospitalised because of stone disease. 

A leading article? in the British Medical Journal, 
commenting on another clinical paper? stated *.. the 
only criterion of success in the treatment of calcium 
stone disease is total cessation of stone formation. 

By this criterion, allopurinol (Zyloric) was greatly 
superior to the placebo? 

'Ann. intern. Med. (1977), 87, 404. 


“Brit. med. J. (1977), 2.1302 
J. Urol. (1977).117,690 









Zyloric* (allopurinol) is available as 100 mg and Zyloric-300* 
(300 mg) tablets. Full prescribing information is available on request. 

For further information on recent clinical work in this area, 
please write to the address below. 


Wellcome Medical Division 
The Wellcome Foundation Ltd. 
Berkhamsted, Herts 


RESEARCH IS OUR ONLY SHAREHOLDER Wellcome 


ZYLORIC-300 


stops renal stones starting 


*Trade Mark 
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Grafting hand burns after early excision 





Fig. 2. Five days after grafting, showing good take of grafts allowing adequate mobility. 





a 
Fig. 3. Two months after grafting. 
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Fig. 4. Laxity of dorsal subcutaneous tissue allows full 
mobility of the hand although the scars are in their 
hypertrophic phase 2 months after grafting. 


haemostasis by its adherence to the fibrin of the wound 
(Burleson and Eiseman, 1973). 

The advantages of delayed primary grafting are: 

l. Loss of graft due to haematoma formation is 
eliminated. 

2. Inadequately desloughed areas are easily seen 
and may be further excised. 

3. Time at initial operation is saved because 
absolute haemostasis is not necessary. 

4. This technique enabled us to obtain a hand 
sufficiently well healed to allow early active mobiliza- 
tion (Figs. 2-4). This must be supervised by an 
enthusiastic experienced physiotherapist. 





Fig. 5. Jobst garments fitted to the same hands. 


The hand is splinted at night using the original 
splint to maintain functional position until the patient 
is fitted with a pressure garment. Larson et al. (1970) 
have shown that topical pressure on healed burns 
prevents hypertrophic scarring and contractures. It 
was also shown that this active process can be 
reversed successfully. This local pressure can be 
applied by the use of Jobst pressure gloves and 
garments, which should be worn continuously for up 
to one year (Fig. 5). Our observations show that local 
discomfort from pruritus and heat sensitivity is greatly 
relieved and no problems have occurred with several 
of our patients who live in the Middle East. 
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Table H: RESULTS IN THE CONTROL GROUP TREATED IN POLYTHENE BAGS (18 PATIENTS, 29 HANDS) 


Age 
Patient (yr) Cause of burn Hands Aspect 
E. B. 60 Scald L Dorsum 
Palmar 
T O. 42 Explosion L Dorsum 
R 
F. M. B. 38 Explosion L Dorsum 
J. P.K 28 Flame L Dorsum 
Palmar 
D. S. 40 Flame R Dorsum 
C. S. 26 Scald L Dorum 
M. H. 18 Molten metal L Dorsum 
R 
J. M. 49  - Explosion L Dorsum 
R 
N.S.P 7 Flame L Donum 
R 
P. D. 47 Fiame L Dorsum 
S. H. 28 Flame L Dorsum 
R Palmar 
D. J. 40 Explosion L Dorsum 
R 
R. R. 50 Flash L Dorsum 
R 
S. B. A4 Explosion L Dorsum 
R 
D. S. 26 Electrical flash L Dorsum 
R 
A. S. 30 Flame L Dorsum 
R Palmar 
F. R. R. 55 Electrical flash R Dorsum 
G. S. 8 Flame R Dorsum 
L 


Follow-up 
Initial diagnosis Day of Day (mth) 
of depth operation healed and result 

Superficial 90 6 

Poor 
Mixed 10 15 12 

Fair 
Superficial 35 No follow-up 
Superficial 15 6 

Good 
Mixed 10 6 

Fair 
Superficial 35 No follow-up 
Superficial 12 18 6 

Good 
Mixed i 21 28 6 

Fair 
Superficial 14 6 

Good 
Superficial 17 3 

Fair 
Mixed 90 12 

21 Good 

Superficial 28 7 

Poor 
Superficial 17 3 

Fair 
Superficial 21 6 

Fair 
Superficial 12 3 

Good 
Mixed 18 6 

Good 
Deep dermal 14 6 

Fair 
Superficial 10 6 

Good 





On reviewing the literature there are several reports 
of early tangential excision of hand burns following 
elevation and compression dressing (Barron, 1971; 
Wexler et al., 1974). However, we feel that the further 
refinements of dressing with porcine skin and delayed 
primary grafting allow a better take of grafts with all 
its advantages. 
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Isolated complete transection of the common bile duct 


by blunt abdominal trauma 


A. J. SHORTHOUSE, M. P. SINGH, T. TREASURE AND R. H. FRANKLIN* 


SUMMARY 

Isolated complete transection of the common bile duct 
due to blunt trauma is rare. Its occurrence and successful 
treatment in an 8-year-old boy are described. 

Initial minor peritonism resolved quickly, followed 
by a deceptive asymptomatic period and insidious 
development of jaundice, anorexia, vomiting, pain, 
acholic stools and progressive abdominal distension due 
to sterile biliary ascites. A preliminary cholecystostomy 
was followed by construction of a Roux-en-Y chole- 
cystojejunostomy. 


BATTLE’S report in 1894 of isolated complete transec- 
tion of the common bile duct due to blunt trauma 
was the earliest in the English literature. He described 
the case of a 6-year-old boy run over by a hansom cab. 
Cotte (1908) quoted Drysdale's case (1861) of a boy 
crushed between a carriage and a wall. Altogether 24 
cases of isolated transection of the common bile duct 
have been reported, and in a further 12 cases the 
common bile duct transection was associated with 
other major intra-abdominal injury (Rydell, 1970; 
Tønnesen, 1970). In addition, more than 60 instances 
of partial rupture have been described over the years. 

The rarity of isolated transection under the age of 
14 is emphasized by the fact that since Battle's report 
in 1894 only 8 further cases have been recorded in 
addition to the present one (Table I). We have treated 
an 8-year-old boy who sustained isolated transection 
of the common bile duct as a result of a heavy iron bar 
falling over the right lower chest. The unusual mode 
of injury and a satisfactory outcome even after a 
delayed diagnosis merit reporting. 


Case report 

S. F., an 8-year-old West Indian boy, was admitted to 
Hammersmith Hospital on 12 June 1973. Six hours before 
admission a heavy iron bar had fallen over his right lower 
chest. Initially symptom-free, constant abdominal pain and 
vomiting appeared 30 min later. 

On examination the patient was not clinically shocked. His 
pulse rate was 110/min and blood pressure 110/75 mmHg. 
There was a IO-cm abrasion on the right anterior chest wall 
extending to the costal margin (Fig. 1). There was epigastric 
tenderness, without guarding or rebound tenderness. Bv the 
following day his pain and tenderness had completelv resolved 
and he was discharged. 

Four days later he was seen in the Casualty Department with 
recurrent pain in the epigastrium, vomiting, anorexia and 
jaundice. A diagnosis of infectious hepatitis was made and he 
was allowed home (serum bilirubin 70 umol/l, SGOT 4 i.u./l. 
alkaline phosphatase 213 Lu./D. Although he remained unwell 
and vomited repeatedly, lost weight and developed progressive 
abdominal distension, he was not referred again to the hospital 
until 25 days after the injury. At this time he was drowsy, 
febrile, anaemic and jaundiced. His pulse rate was 130/min and 
blood pressure 100/70 mmHg. The abdomen was grossly 
distended by ascites (Fig. 2) and there was epigastric tenderness. 

Investigations revealed the following: haemoglobin 
11-5 g/dl, ESR (Westergren) S2 mm/h, WBC {5 10%/1, 
platelets 600 10°/1, serum sodium 128 mmol/l, serum 
potassium 4-4 mmol/l, blood urea 2-1 mmol/l, albumin 33 g/l. 
total bilirubin 68 umol/l, conjugated bilirubin 56 umol/t, 


SGOT 21 Lu./l, alkaline phosphatase 835 i.u./l, prothrombin 
time 19s. The urine contained bilirubin. Right iliac fossa 
paracentesis revealed biliary ascites (bilirubin 206 umol/D. 

At laparotomy exactly | month after the accident 5-5 litres 
of bile were present in the peritoneal cavity (Fig. 3). There was 
some additional loculated bile in the right upper quadrant with 
gross adhesions. On further dissection the gallbladder, cystic 
duct and proximal centimetre of common bile duct were 
visualized. There was no injury to the liver or hepatic ducts. 

An operative cholangiogram showed complete transection 
of the common bile duct (Fig. 4). Cholecystostomy was 
performed because of the poor condition of the patient, with a 
subsequent Roux-en-Y cholecystojejunostomy 2 months later, 
after which he made a steady recovery. 

At follow-up 3 years later the patient was completely 
symptom-free and liver function tests were normal. There was 
no evidence of steatorrhoea as tested by faecal fat estimation 
(20-4 mmol/24 h faecal fat on 230 mmol/24 h oral intake). 


Discussion 

Usually transection of the common bile duct occurs 
in adults as a result of being thrown on to a steering- 
wheel in a head-on collision (Dobbie and Stormo, 
1968). Seat belts have also been implicated (Spitz, 
1971). In children, however, the injury is usually the 
result of being run over. Rarely other forms of blunt 
abdominal trauma have been responsible (Table I). 
In the present case an iron bar fell across the right 
lower chest and costal margin. 

A number of mechanisms either alone or in combina- 
tion may produce rupture of the common bile duct: 

1. Direct compression between the costal margin 
and the vertebral column (Lewis, 1938). 

2. Sudden rise in intraductal pressure as a result of 
gallbladder and duct compression against a closed 
sphincter of Oddi (Mason et al., 1954; Rydell, 1970). 
However, rupture has been reported in 2 patients who 
had undergone previous cholecystectomy (Stewart and 
Silen, 1961; Moyle and Karl, 1969). In addition, 
Fletcher et al. (1961) failed to demonstrate rupture of 
the common bile duct in goats by increasing the intra- 
ductal pressure directly. 

3. A shearing force to the common bile duct 
(Mohardt, 1956; Fish and Johnson, 1965). A direct 
blow to the abdominal wall and simultaneous costal 
margin compression would cause the liver to be 
driven upwards. Excessive traction on the common 
bile duct against a relatively fixed duodenum and 
pancreas would cause shearing where the common bile 
duct meets the pancreas (Fish and Johnson, 1965; 
Rydell, 1970). The hepatic artery normally escapes 
injury, probably by virtue of its tortuosity and 
elasticity (Fletcher et al., 1961). Also it tends to run a 
more horizontal course than the common bile duct, 
so that an upward and anteroposterior force might 
place less stress on the artery. Rydell’s case (1970) 
supports this concept; the gastroduodenal artery runs 
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Fig. 1. Abrasion on the right anterior chest w all extending to 
the costal margin. 





Fig. 2. Gross biliary ascites. 





Fig. 3. Five and a half litres of bile drained from the 
peritoneal cavity at laparotomy. 
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Fig. 4. Operative cholangiogram showing complete 
transection of the common bile duct. 


almost at right angles to the hepatic artery and parallel 
with the common bile duct and was severed. The 
portal vein is protected because any sudden increase 
in pressure would cause rapid retrograde emptying. 
Perhaps more realistically, it has been suggested that 
when either of these major vessels is divided the 
probability of a patient ever reaching hospital alive 
would be remote (Moyle and Karl, 1969). 

Isolated transection of the common bile duct 
produces a clinical syndrome characterized by an 
insidious two-phase illness, well illustrated by the 
present case. The initial course lasts from a few hours 
to several days and is highly deceptive. Typically, 
there is a transient period of shock immediately 
following the injury and a variable degree of pain, 
with localized signs of peritoneal irritation in the 
upper abdomen. A quiescent period follows, lasting 
from 3 to 10 days, during which the patient feels 
relatively well. Jaundice with acholic stools and bile- 
stained urine develops between the fifth and tenth 
day. Upper abdominal pain returns and is associated 
with nausea, vomiting, anorexia, fever and malaise. A 
constant feature at this stage is the progressive and 
sometimes massive abdominal distension due to 
biliary ascites. A positive peritoneal tap is an absolute 
indication for laparotomy. A negative peritoneal tap, 
on the other hand, may be misleading, as occasionally 
the bile leak may be limited to the lesser sac or 
confined by adhesions in the upper abdomen (Walker, 
1953; Stewart and Silen, 1961). 

Delay in diagnosis is a disturbing but common 
finding (Toling, 1959; Sturmer and Wilt, 1963; 
Waldhausen et al., 1963). A correct diagnosis has 
been made within 24h on only 6 per cent (25) 
occasions, each at laparotomy (Tenneson, 1970). This 
is perhaps relevant in relation to mortality, for over the 
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Table 1: ISOLATED COMPLETE TRANSECTION OF THE BILE DUCT IN CHILDREN UNDER THE AGE OF 


14 YEARS 
Author Age Sex Mode of injury 

Battle (1894) 6 yr M Run over by hansom cab 
Spencer (1898) 5 yr M Run over by hansom cab 
Rose (quoted by Cotte, 2 M Run over 

1908) 
Drysdale (quoted by — 13yr M Crushed between carriage 

Cotte, 1908) and wall 
Stierlin (quoted by Smth M  Crushing injury 

Cotte, 1908) 
Gross (1953) 4 yr F Crushed by bumper 
Waldhausen et al. livyvr F  Runover 
(1963) 
Hartman and Greaney 6 yr M Run over 

(1964) 
Caro and Losa (1970) 3 yr M Metal bar falling on chest 
Shorthouse et al. 8 yr M Metal bar falling on right 


(1978) costal margin 





past 25 years there have been no deaths after early 
operation whereas 2 occurred when diagnosis was 
delayed. The condition is rare and the diagnosis is 
almost never considered preoperatively because the 
presenting abdominal symptoms and signs are often 
trivial, settling rapidly with conservative management. 
The possibility of serious intra-abdominal injury must 
be considered when treating a patient conservatively, 
particularly if the trauma was severe enough to cause 
contusion of the abdominal or lower chest wall, or 
if there has been any degree of peritonism, however 
transient. 

Fletcher (1972) recommends intravenous feeding 
with correction of electrolyte imbalance and defective 
clotting mechanisms to permit a single stage operation. 
At laparotomy evidence of bile leakage is invariably 
present, either free or causing staining in the right 
subhepatic space. If the site of injury is not readily 
apparent, as in our case, an operative cholangiogram 
is essential. Primary anastomosis of the transected 
duct over a T-tube splint is the treatment of choice 
(Dobbie and Stormo, 1968), but where this is not 
feasible biliary-intestinal continuity may be re- 
established by primary choledochoduodenostomy, 
Roux-en-Y choledochojejunostomy or cholecysto- 
jejunostomy. 
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Intrathoracic rupture of the spleen 


MARGARET A. HOCKING AND THE LATE PAUL M. BOLTON* 


SUMMARY 

The case is reported of a 15-year-old girl who presented 
following trauma and was found to have a massive 
cong:nital diaphragmatic hernia through the foramen 
of Bochdalek. The spleen, which was intrathoracic, had 
ruptured. No other similar cases have been reported 
in the literature hitherto. 


CONGENITAL diaphragmatic hernia through a postero- 
lateral defect (Bochdalek's hernia) most commonly 
presents in neonates in whom severe cardiorespiratory 
signs make urgent repair mandatory. Sometimes, 
however, no symptoms or signs are noticed and 
presentation may be delayed until adult life. At this 
time, the commonest complication is strangulation of 
bowel in the hernia (Kirkland, 1959), while acute 
appendicitis within the hernia (Kirkland, 1959) and 
obstructive jaundice (Ahrend and Thompson, 1971) 
have also been described. The majority of adults with 
Bochdalek's hernia do not have massive hernias. This 
report describes what we believe to be a unique case 
of intrathoracic rupture of the spleen in a massive 
hernia through the foramen of Bochdalek. 


Case report 

A 15-year-old girl was admitted as an emergency 3 h after she 
had been kicked in the left side of the chest during a fight. 
Since that time she had noticed pain on inspiration and some 
shortness of breath. She was otherwise well, but interrogation 
later revealed that for several years she had been dyspnoeic on 
exercise and occasionally whilst lying in bed at night. It was 
also ascertained that several years previously, a 10-day episode 
of vomiting of uncertain origin had occurred. 


-— — 


» 
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Fig. 1. Chest radiograph on admission, 


showing an opaque lower left hemithorax. 


Gas shadows immediately above the 
opaque area were considered to be within 
the bowel. 





On examination, she looked fit and was not distressed. Her 
pulse was 80/min and her blood pressure was 110/70 mmHg. 
She had some left hypochondrial tenderness and was also 
tender over the left chest, which was dull to percussion. On 
auscultation of the left chest, air entry was reduced and bowel 
sounds were heard. 

A chest radiograph (Fig. 1) showed no fractures of the ribs 
but bowel gas shadows were evident above an opaque lower 
left hemithorax. She had never before had a chest radiograph. 
The differential diagnosis lay between a congenital diaphrag- 
matic hernia as an incidental finding and a traumatic dia- 
phragmatic hernia. However, the relatively minor nature of the 
trauma favoured the former. 

She was observed overnight and the following day a 
Gastrografin meal was performed. This showed that the whole 
of the jejunum and ileum and the proximal part of the large 
bowel were in the left hemithorax. Her pain eased and her 
pulse and blood pressure remained stable. 

Operation was performed 36h after admission. A long 
oblique upper abdominal incision was made. A large patent 
foramen of Bochdalek was found, and all the bowel between 
the duodenum and the left colon was contained within the left 
hemithorax. There was no peritoneal sac within the thorax. 
The spleen also lay within the chest and its lower pole was 
surrounded by haematoma due to a 5-cm tear in the capsule 
(Fig. 2). The left lung was hypoplastic. The bowel and spleen 
were delivered into the abdominal cavity and splenectomy 
was performed. The posterior leaf of the diaphragm behind 
the foramen of Bochdalek was mobilized from the rib cage 
and the defect was closed with a single layer of interrupted 
nylon horizontal mattress sutures without difficulty. A major 
problem was encountered in the closure of the abdomen 
because of the greatly increased contents. Closure was 
eventually achieved using through-and-through figure-of-eight 
tension sutures, plus nylon to the anterior and posterior 
sheaths. A water seal drain was inserted in the left pleural 
cavity. 

Postoperatively there were no major problems. Histology of 
the spleen showed normal architecture. There was little 
expansion of the left lung in the first 48 h postoperatively 
(Fig. 3), but it gradually improved over the next 2 weeks. She 
was discharged on the thirteenth postoperative day and the 
tension sutures were removed after a further 2 weeks. At this 
time her chest radiograph showed a small effusion at the left 
base but an almost completely expanded left lung. She has 
since defaulted from follow-up. 


Discussion 
Bochdalek's hernia, or congenital, posterolateral, 
diaphragmatic hernia, occurs through a patent 


pleuroperitoneal canal, usually on the left side. The 
anterior part of the diaphragm is normally formed 
from the septum transversum growing dorsally from 
the ventral aspect of the embryo. This meets the fore- 
gut tube in the midline, leaving pleuroperitoneal 
canals on either side. These are bordered dorsally 
and laterally by the pleuroperitoneal folds containing 
the cardinal veins. The canals gradually narrow and 
become obliterated by the eighth week of intra- 
uterine life. If, however, a canal is still patent when 
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Fig. 2. Findings at operation. 


the gut returns from the body stalk, bowel and/or 
other abdominal viscera may herniate through the 
canal and prevent closure. The contents will lie free 
in the pleural cavity with no peritoneal sac and may 
interfere with the development of the lung. 

Presentation in the neonatal period is usually 
characterized by severe dyspnoea, cyanosis and 
‘dextrocardia’. In adults, however, the predominant 
symptoms are alimentary. There is often a long 
history of intermittent abdominal pain and the 
ultimate presentation may be with symptoms of gut 
obstruction. In a few patients only is there a history 
of dyspnoea. This is probably related to the fact that 
in the majority of patients only a small proportion of 
the abdominal contents is found in the chest. For 
example, in several patients only a plug of omentum 
was present in the defect (Sugg et al., 1964). It is 
thought that viscera may slide to and fro between the 
pleural and peritoneal cavities, thus enabling the 
lung to expand. Colon and stomach are the viscera 
most frequently involved in the hernia, but spleen 
(not uncommonly) and pancreas and kidney (rarely) 
have also been found in the chest (Kirkland, 
1959; Sugg et al, 1964; Ahrend and Thompson, 
1971; Raichoudhury et al., 1973; Ketonen et al., 
1975). 

In our patient, the defect in the diaphragm was 
closed relatively easily, but a major problem was 
encountered in closure of the abdominal wall. 
Although difficulties with closure are common in 
babies, there has been little comment on this problem 
in adults (Orringer et al., 1975; Dibongand Mosimann, 
1976). Presumably, this is because in the majority of 
patients the hernias are smaller, or spontaneously 
reducible, and the peritoneal cavity is large enough 
to contain the hernial contents. Many surgeons have 
approached the hernia through a thoracotomy 
incision (Raichoudhury et al., 1973; Ketonen et al., 
1975). In one patient in whom this was done an 
enlarged spleen due to infectious mononucleosis was 
found, which could not be replaced in the abdominal 
cavity and splenectomy was necessary (Sugg et al., 
1964). Hernias through the foramen of Bochdalek are 
not usually massive and may be dealt with adequately 
via either a thoracic or abdominal approach in most 
cases. 





547 


Intrathoracic rupture of spleen 
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Fig. 3. Chest radiograph 24 h after operation showing a 
hypoplastic left lung. 


Rupture of the spleen is occasionally associated 
with a traumatic diaphragmatic hernia, but even so, 
the spleen usually remains in the abdomen (Hill, 
1972; Rosoff et al., 1972). A search of the literature 
has failed to reveal another case of intrathoracic 
rupture of the spleen in a congenital diaphragmatic 
hernia. 
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Depot penicillin as prophylaxis in accidental wounds 
P. A. N. HUTTON, B. M. JONES AND D. J. W. LAW* 


SUMMARY 

A series of 285 patients attending an accident and 
emergency department with wounds which required 
suturing was divided at random into two equal groups. 
The first group received a single dose of depot penicillin 
at the time of suture and the second group received no 
antibiotic cover. The incidence of subsequent wound 
infection was not significantly reduced in patients who 
received penicillin. 


A SINGLE injection of a long-acting penicillin is widely 
used in casualty departments as a prophylactic 
measure against infection when suturing accidental 
wounds. The rationale behind this is to destroy 
bacteria, notably clostridia and sensitive pyogenic 
organisms, thereby reducing the risk of tetanus, gas 
gangrene and wound infection. For the purpose of 
this study Triplopen was used. Each vial contains 
benethamine penicillin G 475 mg (500 000 units). 
procaine penicillin G 250 mg (250 000 units) and 
sodium penicillin G 300 mg (500 000 units). According 
to the manufacturers, one intramuscular injection 
gives a high bactericidal level of penicillin in the blood- 
stream which lasts for several hours and is followed by 
a therapeutic level, well maintained for 3-4 days. 

The aetiology of many injuries presenting in 
casualty predisposes to wound infection, and patients 
often have their sutures removed elsewhere. Thus a 
single dose of antibiotic, prophylactic against infec- 
tion, seems attractive, Much work has been done on 
the use of prophylactic systemic antibiotics in major 
surgical procedures (Parker, 1969; Keighly, 1977), but 
to our knowledge there has been little work done on 
the use of prophylactic antibiotics in minor wounds 
sutured in casualty departments, despite their wide- 
spread use (Day, 1975). 

This study was designed to determine whether or 
not the incidence of infection was influenced by 
giving a single dose of Triplopen. 


Patients and methods 
Patients attending the casualty department of Queen Mary's 
Hospital, Roehampton, with wounds requiring primary suture 
during the months October 1976 to January 1977 were con- 
sidered for the trial. Potential subjects were excluded for the 
following reasons: those with wounds requiring secondary 
suture, those with a history of penicillin sensitivity, patients 
currently receiving systemic antibiotics. or who had received 
antibiotics during the preceding 2 weeks, patients who had 
never undergone an active anti-tetanus immunization pro- 
gramme, those with wounds over 4h old and those with 
injuries sufficiently serious per se to require admission. 

Alternate patients received a single intramuscular dose of 
Triplopen, irrespective of the site, severity and cause of the 
injury. Anti-tetanus toxoid boosters were given when indicated. 
Records were kept of the site, nature (i.e. macroscopically 
clean or dirtv) and cause of the wound and whether it was 
ragged or linear. Details of tetanus prophylaxis were also 
noted. A standard aseptic routine was followed in every case. 
All wounds were cleaned thoroughly with | per cent cetrimide 
solution (Savion) and devitalized tissue was excised 

Closure was achieved with interrupted braided silk BPC, 
and in those cases which required repair of the subcutaneous 
layer, plain catgut was used. Each patient was seen in the 
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‘ig. 1. Use of depot penicillin in 66 accident and emergency 
departments. 


department for removal of their sutures, although they were 
instructed to return earlier if they noticed any untoward 
symptoms. If at any time there was clinical evidence of 
infection, a swab was taken for culture and sensitivity testing. 
If this proved positive, the causative organism and its antibiotic 
sensitivities were recorded. 

Sixty-six accident and emergency departments throughout 
England were selected at random and inquiries made regarding 
their policy of administering depot penicillin in accidental 
wounds which were sutured. Each unit contacted was asked 
whether or not they had a firm policy laid down by the head of 
the department for giving depot penicillin. If the response was 
negative, the unit was requested to give an estimate of the 
percentage of accidental wounds sutured per annum which was 
covered by a single dose of depot penicillin. 


Results 

Of the 66 accident and emergency departments 
contacted, only 7 had a definite policy laid down by 
the head of the department regarding the usage of 
depot penicillin. Five of these 7 departments were 
totally against its use. In the remaining 2 there were no 
specific indications for its use; indeed, this was left to 
the individual whims of the casualty officers concerned 
—63:6 per cent used depot penicillin routinely when 
the wound appeared 'dirty' and 10-6 per cent stated 
that they tended to give a single dose of depot 
penicillin in over 90 per cent of accidental wounds 
which were sutured (Fig. 1). 

A total of 301 patients was admitted to the trial. Of 
these, 16 failed to return for suture removal, leaving 
285, of whom 170 (60 per cent) were male and 115 
(40 per cent) were female. 

A single dose of one vial of Triplopen was given to 
142 patients and 143 received no antibiotic cover. Ten 
of those receiving Triplopen developed wound 
infection (7-04 per cent) and 9 of the control group 
(6:29 per cent) became infected. 

Penicillin-resistant Staphylococcus aureus was cul- 
tured from all infected wounds with two exceptions, 
from which Staphylococcus albus and proteus were 


* Casualty Officers, Queen Mary's Hospital, Roehampton. 
Correspondence to: B. M. Jones, Bridleways, The Bridle Path, 
Park Ley Road, Woldingham, Surrey. 
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Table I: INFECTION RATE AT DIFFERENT WOUND 
SITES 


Site of n Wounds ^5 infected at 
wound No. of total infected particular site 
Scaip » 21-75 I 1:51 
Face 76 26:66 2 2:63 
Arm 1S 5.26 i 6:67 
Hand 88 30-87 8 9-09 
Trunk ! (385 0 0 
Abdomen Q 0 0 0 
Above knee 3 1-05 Ü 0 
Below knee 40 14-03 7 17.5 
Total 285 19 
cultured. The difference in incidence of wound 


infection between the two groups-—7-04 per cent and 
6:39 per cent, i.e. 0-75 per cent— was not statistically 
significant. 

Table I compares the rate of infection in wounds at 
different sites, and it can be seen that a far greater 
percentage of wounds below the knee became infected 
(17-5 per cent) than at any other site. 

No difference was found between the rates of 
infection of linear and ragged wounds, but, as was 
expected, macroscopically dirty wounds became 
infected considerably more often (10-11 per cent) 
than those which were clean (4:83 per cent). 


Discussion 

The results of this trial suggest that there is no 
indication for the administration of a single dose of 
intramuscular depot penicillin as a prophylactic 
measure against infection when suturing accidental 
wounds, This supports the evidence of previous work 
done on the use of prophylactic systemic antibiotic 
cover in casualty departments (Beesley et al., 1975; 
Day, 1975). It is interesting to note that the pre- 
dominant organism causing infection was penicillin- 
resistant S. aureus (Barber, 1961). 

The hazards of antibiotics, especially when used 
routinely, are well documented (Taylor, 1960; 
Nicholls, 1973): with particular reference to long- 
acting penicillins, these include hypersensitivity 
reactions. and the selection of penicillin-resistant 
strains, particularly since the duration of therapeutic 
levels with a single dose is less than optimal. Patients 
also complain of pain at the site of injection. In 
addition, especially in these days of economic 
stringency, the cost—not only of the drug, but of 
syringe, needle and sterile water—is not insignificant. 

It has been taught in the past that intramuscular 
penicillin is prophylactic against tetanus. However, 


this is of questionable value, and certainly cleaning 
and surgical attention to the wound are most 
important, assuming that tetanus toxoid prophylaxis 
is adequate. If the patient has not undergone an 
active immunization programme, human anti-tetanus 
serum should be given in contaminated wounds at 
risk (Smith, 1975). 

The results indicated a considerably higher 
incidence of infection in macroscopically dirty 
wounds and also in those below the knee. In view of 
this, there may be a case for giving a full course of 
systemic antibiotic cover, effective against penicillin- 
resistant organisms, in wounds of this nature, although 
this was not tested in the present study. 

Only 7 out of 66 accident and emergency depart- 
ments (10-6 per cent) were found to have a strict 
policy regarding the use of depot penicillin in sutured 
accidental wounds. Five of those were totally against 
its use. This decision is supported by our results. We 
feel that it would be beneficial if more centres were to 
make a rational decision on the use of antibiotic 
prophylaxis based on the available evidence. The use 
of prophylactic long-acting penicillin when suturing 
wounds in the accident and emergency department 
may give the staff a false sense of security, and 
penicillin seems to be given more as a result of 
‘tradition’ than for any logical reason. There can be 
no doubt that meticulous toilet and surgical excision 
in all wounds is the most important factor in the 
prevention of infection. 
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Prediction of wound sepsis following gastric operations 


DAVID GATEHOUSE, FRANCES DIMOCK, D. W. BURDON, 
J. ALEXANDER-WILLIAMS AND M. R. B. KEIGHLEY* 


SUMMARY 

Gastric aspirates were obtained from 12 healthy 
volunteers, 49 patients with duodenal ulcer, 14 with 
gastric ulcer and 35 with gastric carcinoma. The mean 
total viable bacterial counts in these groups were as 
follows: volunteers 0, duodenal ulcer 3-8 x 10, gastric 
ulcer 6:95 x 104, carcinoma 1-9 x 10* organisms) ml. 

The incidence of wound sepsis in patients without 
antibiotic cover was: duodenal ulcer 17 per cent, gastric 
ulcer 38 per cent, carcinoma 56 per cent. Regardless of 
the underlying pathology, patients with counts greater 
than 5 x 109 organisms/ml in the gastric aspirate had a 
93 per cent incidence of wound sepsis, compared with 
16 per cent in patients with counts of less than 5 x 10° 
organisms|[ml (P « 0-001). In the group with high counts 
all except one of the wound infections were caused by 
organisms present in the stomach at the time of 
operation. 

There was a good correlation in the bacteriology of 
apirates obtained | during preoperative endoscopy 
compared with operative nasogastric samples (n = 31) 
both for viable counts (r = 0-93) and for the counts of 
individual organisms. Therefore, preoperative endoscopy 
can be used to identify patients who are at risk of 
developing wound sepsis after gastric surgery. 


GASTRIC operations are associated with a high 
incidence of wound sepsis which is related to the 
underlying pathology (Stone et al, 1976). Most 
infections occurring after gastrointestinal surgery are 
caused by dissemination of organisms present in the 
lumen of the gastrointestinal tract at the time of 
operation (Cruse and Foord, 1973). We have there- 
fore studied the bacterial flora of gastric aspirates in 
normal subjects, in patients with peptic ulcers and in 
patients with gastro-oesophageal carcinoma. The 
relationship between the gastric microflora and the 
incidence and morphology of organisms isolated from 
wound sepsis following gastric operations have also 
been studied. 


Patients and methods 

Twelve healthy volunteers and 98 patients with peptic ulcer or 
gastric carcinoma were studied. The patients operated upon 
had not received prophylactic antibiotic cover or antibiotics 
within 48 h after operation, and those already receiving anti- 
biotics were excluded from the study. Gastric aspirates were 
obtained from 12 volunteers by aspiration through a naso- 
gastric tube. In patients with peptic ulcer or gastric carcinoma, 
gastric aspirates were obtained either before operation during 
endoscopy, or at operation by aspiration through à naso- 
gastric tube. Both pre- and peroperative samples were obtained 
in 31 patients. The pH of the aspirate was measured using a 
pH-meter type TTT 1C (Radiometer, Copenhagen) or 
Cambridge Laboratory pH paper, depending on the volume of 
gastric aspirate. 

Endoscopic samples were collected by aspiration into a 
sterile mucus trap attached to the suction side-arm of the 
endoscope. The endoscope was cleaned between examinations 
with 0-5 per cent chlorhexidine in alcohol, and rinsed with 
sterile water. Operative samples were collected half an hour 
after insertion of the nasogastric tube to minimize the risk of 
contamination with organisms from the nasopharynx. 


Gastric aspirates were transported immediately after 
collection to the microbiology laboratory where serial tenfold 
dilutions were inoculated on to selective media in an anaerobic 
chamber. The media used were blood agar, MacConkey’s agar, 
menadione and rogossa agar, MacConkey’s agar with colistin, 
blood agar with colistin and kanamycin and mannitol salt 
agar. Menadione and rogossa agar plates were cultured 
anaerobically, and all the others aerobically at 37°C. The 
number of colonies at each dilution were counted 2 and 5 days 
after inoculation. 

Inspection of wounds was performed daily (D. G.) and were 
classified as infected only if pus was present in the incision. 
Wound infections were examined bactericlogically by collect- 
ing a sample of pus into a syringe which was taken immediately 
to the laboratory for aerobic and anaerobic culture. Organisms 
cultured from the gastric aspirates and wound infections were 
identified by microscopy after Gram-staining and by subculture 
on selective media where necessary. 

Statistical analysis of the total viable counts between groups 
of patients was performed using the unpaired Student's 7 test. 
The statistical significance of correlation coefficients was 
calculated according to the formula ri —2)(1--r)L and 
analysis of wound infections was performed using the 7^ test 
with Yates’s correction for small numbers (Yates, 1934), 


Results 

Gastric aspirates were obtained from 12 healthy 
volunteers (controls), 49 patients with duodenal ulcer, 
14 patients with gastric ulcer and 35 with gastric 
carcinoma. The aspirates were sterile in all the 
controls, in 34 (69 per cent) of the patients with 
duodenal ulcer, in 1 (7 per cent) of the patients with 
gastric ulcer and none of the patients with gastric 
carcinoma. The mean total viable bacterial counts 
were as follows (Fig. 1): controls 0, duodenal ulcer 
3:8 x 10", gastric ulcer 6:95 x 104, carcinoma 1:9 x 10? 
organisms/ml. Patients with gastric ulcer or gastric 
carcinoma had significantly higher mean counts com- 
pared with patients with duodenal ulcer (P « 0-001). 
Total viable counts greater than 5 x 10° organisms/ml 
were found in 1 patient with duodenal ulcer (2 per 
cent), in 3 with gastric ulcer (21 per cent) and in 19 
(54 per cent) with gastric carcinoma. The duodenal 
ulcer patient with counts in excess of 5 x 10° organisms/ 
ml was operated on for a bleeding duodenal ulcer, and 
at operation the stomach was full of blood. 

There was a close correlation between the pH of the 
gastric aspirate and mean total viable counts (1 = 67, 
r 0:82), as shown in Fig. 2. Of the patients with 
gastric carcinoma the pH of the gastric aspirate was 
greater than 4 in all but 1 patient, who had a pH of 
2.2 and this was associated with a high viable count 
(1x 105 organisms/ml). The patient with a bleeding 
duodenal ulcer had a high count associated with a 
high pH. 

The frequency of organisms isolated from patients 
with infected gastric aspirates is shown in Table I 
and the organisms which were subsequently isolated 
from wound infections have been indicated. A wide 
variety of organisms was isolated from infected 
gastric aspirates, the majority being nasopharyngeal 
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Fig. 1. Relationship between total viable counts of gastric 
aspirates and pathology. Mean counts for patients with 
gastric ulcer and gastric cancer are significantly higher than 
those for patients with duodenal ulcer (P 0-001). 
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Fig. 2. Relationship between total viable counts and pH of 
gastric aspirates. 
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Fig. 3. Correlation between total viable counts obtained by 
preoperative endoscopy and at operation via a nasogastric 
tube. 
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commensals. Most of the organisms were aerobic, but 
anaerobic organisms, including clostridial species and 
bacteroides species were also isolated. 

In 31 patients gastric aspirates were obtained both 
by preoperative endoscopy and peroperatively via a 
nasogastric tube. There was a close correlation 
between the total viable counts obtained by each 
method (r = 0-93, P- 0-001), as shown in Fig. 3. A 
close correlation was also found when individual 
organisms were studied (Fzg. 4). The correlation 
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anaethetists and theatre staff. Taking it 
from the top, the revolutionary 
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coefficient between gastroscopic and operative samples 
for the four most frequent organisms isolated from the 
gastric aspirates were: Streptococcus viridans r = 0-73, 
yeasts r= 0-83, lactobacilli r = 0-86, Streptococcus 
faecalis r = 0-96 (P<0-001 for all values). 

Seventy-three patients underwent operation and of 
these 24 developed wound sepsis (33 per cent). The 
incidence of wound sepsis after operations for 
duodenal ulcer was 17 per cent, compared with 38 
per cent for gastric ulcer and 56 per cent for gastric 
carcinoma. Sepsis in patients following surgery for 
duodenal ulcers was not dependent on opening the 
stomach, since a proximal gastric vagotomy alone 
was performed in 3 of the 6 patients who developed 
wound sepsis. The stomach was opened or resected in 
all the cases operated on for gastric ulcer or gastric 
carcinoma. . 

Wound sepsis was classified bacteriologically into 
‘related’ and ‘unrelated’ sepsis. In ‘related’ or endo- 
genous infections, some or all of the organisms 
present in the wound had previously been isolated 
from the patient’s gastric aspirate. In ‘unrelated’ or 
exogenous infections none of the organisms present 
in the wound had been found in the gastric aspirates. 
Table 1l shows the incidence of related and unrelated 
wound sepsis according to the underlying pathology. 
Most of the related infections occurred in patients 
undergoing operation for carcinoma. Only 1 patient 
developed a related wound infection following 
surgery for duodenal ulcer and this was the patient 
who had high total viable counts in the gastric 
aspirate at the time of the operation which was per- 
formed for a bleeding duodenal ulcer. 

Of the 73 patients treated by operation, 16 (22 per 
cent) had total viable counts greater than 5x 105 
organisms/ml in the gastric aspirate, and of these, 15 
(94 per cent) developed wound sepsis compared with 
only 9 (16 per cent) of the 57 patients with total 
viable counts of less than 45x 10* organisms/ml 
(y? = 30:97, P 0:001). Ninety-three per cent of the 
wound infections in patients with total viable counts 
greater than 5 x 10° organisms/ml were related (Table 
HI). However, in patients with total counts of less 
than 5x10? organisms/ml, none of the wound 
infections was related, and this difference is significant 
(y? = 16 5, P« 0:001). 

The organisms most commonly isolated in related 
wound infections were Str. viridans (57 per cent), 
Escherichia coli (43 per cent), Str. faecalis (29 per cent) 
and Staphylococcus aureus (29 per cent). Clostridium 
spp. (21 per cent), Proteus spp. (14 per cent) and 
Bacteroides spp. (7 per cent) were also isolated. Between 
2 and 4 organisms were usually isolated from the pus 
present in related wound infections. In comparison, 
Staph. aureus was isolated from all the wound infec- 
tions classified as unrelated, although Staph. albus (44 
per cent), 2-haemolytic streptococci (33 per cent) and 
Str. faecalis (11 per cent) were also identified. 


Discussion 

Previous evidence (Gray and Shiner, 1967; Drasar 
et al., 1969; Gorbach, 1971) has shown that micro- 
organisms are infrequent in the stomach of fasting 
healthy adults, and that the density of the microflora 
is related to the pH of the gastric juice. Cregan et al. 
(1953) showed, in a small series, that there is a 
difference between the microflora of the stomach in 
patients with peptic ulcer disease and those with gastric 
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Table I: FREQUENCY OF ORGANISMS ISOLATED 
FROM THE STOMACH 





Organism y 
Lactobacilli 78 
Streptococcus viridans* 78 
Yeasts 64 
Micrococci 2 
Streptococcus faecalis* 29 
Diphtheroids 25 
Escherichia coli* 25 
Neisseria spp. 21 
Clostridium spp.* 19 
Bacteroides spp.* 17 
Haemophilus spp. 17 
Staphylococcus albus* 13 
Bifidobacteria 9 
Proteus spp.* 9 
Non-haemolytic streptococci ` 8 
Staphylococcus aureus* 6 
Klebsiella aerogenes 5 
Anaerobic streptococci* 3 
Veillonella spp. À 
%-Haemolytic streptococci * 3 
* Organism subsequently isolated from wound infections. 
Table Hf: INCIDENCE OF WOUND SEPSIS 
ACCORDING TO PATHOLOGY 

No. of Wound sepsis 
Pathology patients Total ?; Related Unrelated 
Duodenal ulcer 40 T 17 I 6 
Gastric ulcer 8 3 38 2 l 
Carcinoma 25 i4 $56 H 3 
Total 73 234 33 14 10 
Table IH: INCIDENCE OF WOUND SEPSIS 
ACCORDING TO TOTAL VIABLE BACTERIAL 
COUNTS OF GASTRIC ASPIRATE 
Viable count No. of Wound sepsis 
(organisms/ml) patients Total 7, Related Unrelated 
5x 10* 16 15 94 14 1 
5 x < 108 57 9 16 0 9 
yz? = 30:97 7 165 
P<0-001 P «0-001 


carcinoma. Our study has confirmed the close 
relationship between the microflora of the gastric 
aspirate and the gastric pathology and pH, and has 
shown that there is a significant difference in the total 
viable bacterial counts in gastric ulcer and gastric 
carcinoma. These differences could be due to altera- 
tion in gastric pH, as most of the gastric ulcer and 
gastric carcinoma patients had a higher gastric pH 
than patients with duodenal ulcer. However, one 
patient with gastric carcinoma had a high total viable 
count with a gastric pH of 2:2. The reason for this is 
uncertain but might have been due to an infected 
ulcerating carcinoma acting as a focus of residual 
sepsis in crypts protected by mucus from the influence 
of hydrogen ions. 

The overall incidence of wound sepsis (33 per cent) 
is higher than in some reported series (Madsen et al., 
1971; Evans and Pollock, 1973; Stone et al., 1976), 
but confirms that the risk of developing wound sepsis 
is much greater in patients with gastric carcinoma 
than in those with peptic ulcer. Infections can be 
divided into those related to organisms present in the 
stomach at the time of operation (endogenous) and 
those which are not (exogenous). Endogenous sepsis 
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has been shown to occur only in patients with total 
viable counts in the stomach greater than 5x 10* 
organisms/ml. Experimental evidence suggests that a 
direct bacterial inoculation of 10° organisms into the 
wound will reliably produce sepsis (Elek and Conen, 
1957; Gingrass et al, 1964; Howe, 1969), although 
counts ranging from 10 to 10? organisms may cause 
sepsis if a foreign body is present in the wound (Elek 
and Conen, 1957; Howe, 1969). 

Since endogenous sepsis only occurs in patients 
with viable counts greater than 5 x 10* organisms/ml 
in the gastric aspirate, wound sepsis could probably 
be reduced by the use of selective prophylactic anti- 
biotics. In our study the greatest risk of wound sepsis 
was amongst patients having an operation for gastric 
carcinomas. However, only 54 per cent of the patients 
with gastric carcinoma had counts greater than 5 x 105 
organisms/ml, so that not all patients with gastric 
carcinoma would require antibiotic cover. Further- 
more, other patients who do not have carcinoma have 
high counts of bacteria in the stomach at operation, 
such as those with bleeding duodenal ulcer or 
occasionally with gastric ulcer, and these patients also 
deserve antibiotic cover. 

We have therefore tried to identify preoperatively 
patients in whom antibiotic prophylaxis is indicated. 
We have shown that preoperative endoscopic culture 
of gastric aspirate will accurately define both the type 
and numbers of organisms present in the stomach at 
the time of operation. Although preoperative endo- 
scopy is not always available or may not be indicated, 
it is possible to obtain a preoperative specimen of 
gastric aspirate using a nasogastric tube. This aspirate 
can then be cultured in the same way as the aspirate 
obtained at endoscopy to define both the type and 
numbers of organisms present. 

Possible sources of error in the preoperative 
collection of gastric aspirate for culture are con- 
tamination with organisms present in the saliva and 
from the endoscope. Since samples from all the 
controls and 69 per cent of the patients with duodenal 
ulcers were sterile, we feel it is unlikely that the naso- 
gastric tube or endoscope introduces sufficient 
numbers of organisms to influence the organisms 
recovered from the gastric aspirate. Furthermore, 
sterile normal saline was periodically aspirated through 
the gastroscope and cultured to check the sterility of 
the suction. channel. When the endoscope was left 


standing overnight, organisms were sometimes 
cultured, but after cleaning with chlorhexidine in 
spirit the suction channel of the endoscope was always 
shown to be sterile. On no occasion was the endoscope 
found to be infected between cases, so that contamina- 
tion from one patient to another was unlikely. 

Preoperative culture of gastric aspirates has defined 
a group of patients with bacterial counts greater than 
5 x 10° organisms/ml, and this is a group at risk from 
developing endogenous wound sepsis. We feel that the 
incidence of wound sepsis following gastric surgery 
could be reduced by using prophylactic antibiotics, 
based on the results of preoperative culture of the 
gastric aspirate, and this hypothesis is currently 
being investigated. 
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Influence of bowel preparation and antimicrobials 


on colonic microflora* 


Y. ARABI, F. DIMOCK, D. W. BURDON, J. ALEXANDER-WILLIAMS AND 


M. R. B. KEIGHLEYt 


SUMMARY 

The influence of three types of preoperative mechanical 
bowel preparation on colonic microflora has been 
Studied in 88 patients undergoing elective bowel resection 
and compared with 21 controls. Neither conventional 
bowel preparation (CBP) using oral magnesium 
sulphate, enemas and rectal washouts nor whole bowel 
irrigation (WBI) via a nasogastric tube influenced the 
type or number of organisms in the colon at the time 
of operation. The administration of an elemental diet 
(ED) was associated with only a small reduction in the 


numbers of Escherichia coli (P « 0-02). The addition of 


oral neomycin and metronidazole for 48 h before opera- 
tion to all three methods of bowel preparation was 
associated with a highly significant reduction in the 
counts per ml of E. coli (P 0-001) and Bacteroides 
fragilis (P « 0-001) in the colon. There was no correlation 
between the diameter of the lesion being resected with 
the numbers of bacteria in the colon even when oral 
neomycin and metronidazole were added to the bowel 
preparation. 


COLORECTAL operations are associated with a high 
incidence of postoperative sepsis (Burton, 1973). 
Significant reductions in the incidence of sepsis after 
colorectal operations can be achieved either by 
reducing the bacterial flora of the colon (Clarke et al., 
1977) or by short term systemic antibiotic prophylaxis 
(Downing et al, 1977). Although some mechanical 
methods of bowel preparation have Been shown to 
reduce the bacterial flora of the colon (Glotzer et al., 
1973), most conventional methods do not (Nichols 
et al, 1972). Addition of kanamycin and metro- 
nidazole to bowel preparation in colorectal surgery 
has been shown to reduce the incidence of post- 
operative sepsis (Goldring et al., 1975), but the reason 
for this clinical benefit was not investigated. In our 
experience E. coli and B. fragilis are by far the most 
frequent isolates from wound infections after colon 
operations (Keighley et al., 1976), and it is probable 
that a reduction in these organisms is the most 
important factor in protecting against wound sepsis. 
Oral neomycin or kanamycin is effective in reducing 
the aerobic flora of the colon because it is poorly 
absorbed and remains in high concentrations in the 
lumen of the bowel. Most authors consider metro- 
nidazole to be effective in reducing postoperative 
anaerobic sepsis, not because of a direct suppression 
of intraluminal counts, but because it is rapidly 
absorbed and therefore provides high serum levels 
(Willis et al., 1977). 

The aim of this study has been to determine the 
effect of oral neomycin and metronidazole used with 
three different types of mechanical bowel preparation 
on the counts per ml of stool and intracolonic 
contents. We have also studied the effect of the 
minimum diameter of the resected colon on the 
colonic flora. 


Patients and methods 

Preoperative preparation of patients and controls 

Eighty-eight patients with colorectal cancer or diverticular 
disease requiring elective operation have been studied. All the 
patients received one of three methods of mechanical bowel 
preparation: 

1. Conventional bowel preparation (CBP) is a 3-day 
Preparation consisting of a low residue diet, oral! magnesium 
sulphate and enemas. 

2. Elemental diet (ED) is a preparation where Vivonex 
standard is used as the only calorie source for 5 days, with a 
single rectal washout on the day before the operation. 

3. Whole bowel irrigation (WBI) is a preparation performed 
on the day before operation by infusing normal saline through 
a nasogastric tube until the fluid passed per rectum is entirely 
clear of faecal matter for at least 30 minutes (Crapp et al., 
1975). 

To each of these three methods of bowel preparation was 
added either neomycin (1 g t.d.s.) and metronidazole (200 mg 
t.d.s.) or a placebo for 48 hours before operation. The last 
tablets of antimicrobials or placebo were given at 9 p.m. on the 
night before operation. The allocation of antimicrobials or 
placebo and the choice between conventional preparation or 
elemental diet were determined by a randomization schedule 
since these groups were part of a clinical trial (Matheson et al., 
1977). However, the allocation of antimicrobials to patients 
prepared by whole bowel irrigation was not randomized. 
Antimicrobials were administered orally to the groups receiving 
conventional preparation or elemental diet. Those having 
whole bowel irrigation had the same dose of antimicrobials as 
powder dissolved in the saline infusion. No other form of 
preoperative antibiotics was used. 

The results of bacterial counts on the 88 prepared patients 
have been compared with those of 21 patients with colonic 
cancer or diverticular disease who received no bowel prepara- 
tion or antibiotics within 72h and acted as controls. The 
controls included 6 patients with unsuspected large bowel 
disease found at laparotomy, in whom operative needle 
aspirates from the colon were obtained. The remainder of the 
control material included sigmoidoscopy samples from 
patients being investigated for bowel disease in the rectal 
clinic (Table I). 


Collection of samples and microbiological techniques 

Apart from the [5 control sigmoidoscopy samples, all other 
samples were collected at operation by introducing 10 ml of 
normal saline into a 10-cm segment of the resected bowel 
isolated between non-crushing intestinal clamps. After | min 
of mixing, the contents were aspirated. 

Colonic samples were transferred to the Microbiology 
Department for viable counts within 3-7 min of collection. 
The residual faecal fluid and a sample of serum obtained at 
operation were stored at ~-20 °C for antibiotic batch assay. In 
addition, samples were also obtained by the same needle 
aspiration technique from the jejunum and ileum in some 
patients for antibiotic assay. 

Colonic samples were frequently collected from different 
sites of the colon depending upon the type of operation being 
performed. It has been suggested that the density of bacteria 
might vary in different sites of the colon (Bentley et al., 1972), 


* These results were presented in part to the Surgical Research 


Society in July 1977. 
t The General Hospital, Birmingham. 
Correspondence to: M. R. B. Keighley. 
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Table I: DETAILS OF PATIENTS HAVING MECHANICAL BOWEL PREPARATION 
Conventional Whole bowel 
Control preparation Elemental diet irrigation 
N P A P A N A 
ttt tenet 
Number of patients 21 11 10 17 17 : 24 
Females 10 4 8 10 9 2 6 
Age range 38-85 52-74 50-70 47-78 25-87 38-84 45-84 
Mean age 67- 10 65-8 66-9 63 4-9 64-43 612-17 64 -- 17 
Diagnosis ; 
Villous papiloma 2 = — — l = 
Carcinoma of rectum 6 3 2 7 5 2 9 
Carcinoma of sigmoid and descending colon 9 7 4 8 6 4 8 
Carcinoma of transverse colon = — Eee os a 1 = 
Carcinoma of ascending colon and caecum 3 i 3 2 4 2 3 
Prolapse of rectum — — i ao i — 2 


Ischaemic colitis | re? bs 


A, Antimicrobials (neomycin and metronidazole); N, no antimicrobials; P, placebo. 


Table 11; CHANGES IN COLONIC MICROFLORA FOLLOWING MECHANICAL BOWEL PREPARATION AND 


ANTIMICROBIALS 
Controls Conventional preparation Elemental diet Whole bowel irrigation 
N P A P A N A 
Organism n= 21 n= di n= 10 n 17 ne n9 n- 24 
Aerobic bacteria 
E. coli TSS -45. PR b54 . 2-45.-401**  5.70-- 1-40. 3:30-2-3:48** 750-233 p.92. $4355 
Streptococcus faecalis 3.89. 2.98 2204315 238.3483 1:34-2:20 2:15.- 2-90 4103-47 327-376 
Proteus spp. 1102-235 045-162 250-00 0.:20--0.84 0-50-00 (-83--2-:50 0-50.-0:0 
Streptococcus viridans 219-293 Q-89=-1-99 0: 50--00**  1-20--1:95 0°77-£1-70 1-91-4232 0:50--0:0 ** 
Diphtheroids 0-50 0-0 066-220 0-350--0-0 050-00 0:50+-0-0 0-50-00 0-50-£0-0 
Staphylococcus albus 0-38 =. 1:2 047+ 156 077-0163 0-50.-0-0  0-90--2-27 0-50+00 — 0:95-- 2-34 
Micrococct 0-50 -. 0-0 0-50--0:0 0-50+.0-0 0:50-00 0-50--0-0 0502-00 — 0-50--0-0 
Bacillus spp. 0-40--1-85 0504-00 0:50--0-0 0-50--0-0 05020-0 0-02 +-0-:10 0-50-00 
Klebsiella spp. 0-64--2-17 0684226 0-65--2:0 Q-37-- 1:52. 0:74 4-211 0.94.-2-83 0-50.-0-0 
Anaerobic bacteria 
B. fragilis 7T-24.-2-54 840140 0-50.-0.0** —6-90.-1.89 1:68--2-60** $226--1:34 LbL52-311p** 
Lactobacilli 3-274-3-40 1004239 0-50-.0-0* 1-44--2-10 0-50--0-0* 2-30 4-2-50 0:25--0-85** 
Clostridia $48.-31-53 2084342 0 50--0.0** {68-278 1632-37 3-18-- 3-89 0-66. p 54** 
Bacteroides melaninogenicus l:14--2:47 050400 À050..00 0-82.-2-03 0-61-+-1-74 2:3323-3-80 0:20 1-04 
Bifidobacteria 2-44-- 1-30 073-4230 0-502-0-0 1-70 4-2-44 0:50.-0-0 20-243 0-142.0-71 
Anaerobic streptococci 0-50 4-0-0 0-40-4135 0:50.-0-0 O31--1:28 0:20--0-84 1-53 +265 0-50+0-0 
Veillonella spp. 0-80--2.57 0 50--0.0  0:50.-0.0 0.50--0-0 0°50--0-0 050-00 0504-00 
Yeast 0-24-- PIE 030-090 217-3352 070- 1-32 214-219 0:85--2-50 0582-159 


A, Antimicrobials; N, no antimicrobials; P, placebo. Results given as log counts. 
* P—001; ** P<0-001; statistical analysis compared with controls. 


For this reason the relative distribution of colonic bacteria 
was studied from samples collected from the right, transverse 
and left colon in 6 patients having subtotal colectomy. The 
minimum diameter of the resected colon was measured in the 
unfixed state using a series of Hegar's dilators in all patients. 

Counts of intestinal bacteria were measured by inoculating 
serial dilutions of the colonic sample on to selective aerobic 
and pre-reduced anaerobic plates using the single drop tech- 
nique (Miles and Misra, 1938) in an anaerobic cabinet. The 
following aerobic culture media were used: MacConkey's agar, 
MacConkey's with colistin, blood agar, blood agar with 
colistin and kanamycin and mannitol salt agar. Anaerobic 
media included menadione and rogosa agar. Anaerobic plates 
were incubated at 37 ^C in an incubator inside an anaerobic 
cabinet. Aerobic plates were incubated aerobically at 37 *C. 
All plates were inspected at 36-48 h and 5 days. Organisms 
were identified by the macroscopic appearance of the colonies 
on selective plates, Gram stain and biochemical reactions. 
Numbers of identified colonies per ml of faecal fluid were 
expressed as logarithmic counts. 

Disc sensitivities of the faecal organisms were not performed 
on all samples uniess the aerobic counts were unexpectedly 
high (above 10°) in patients receiving antimicrobials. 

Batch neomycin assays were performed by the agar plate 
diffusion technique using Bacillus subtilis as the test organism 


on large levelled agar plates. Metronidazole assays were 
performed in an anaerobic cabinet using a similar technique 
but with Clostridum sporogenes as the indicator organism. 


Results 


Viable counts 

The counts of viable colonic bacteria in the controls 
and in patients receiving the three mechanical methods 
of bowel preparation both with and without anti- 
microbials are shown in Table Il. 

Apart from a small reduction in the counts of E. 
coli with an elemental diet (P « 0-02), all other methods 
of mechanical bowel preparation when used without 
antimicrobials failed to exert any significant influence 
upon colonic microflora when compared with 
controls. On the other hand, when neomycin and 
metronidazole were added to all three methods of 
bowel preparation, there was a significant reduction 
in the counts of E. coli (P<0-001) and B. fragilis 
(P<0-001). However, neomycin and metronidazole 
did not significantly reduce the counts of any of the 
other organisms isolated from the colon. 
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Fig. 1. Comparison of viable bacterial counts of fresh faecal 
samples with those obtained by operative needle aspiration in 
controls. 
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Fig. 2. Influence of luminal narrowing on viable bacterial 
counts in patients receiving mechanical bowel preparation. 


When the bacterial counts obtained by sigmoid- 
oscopy and needle aspiration in the control group 
were compared, there was no significant difference 
and the results have been added together (Fig. 1). To 
justify adding the results obtained by the two 
techniques, we have compared faecal microbial counts 
with results of needle aspirates obtained from the 
same patient in 6 subjects who had no bowel prepara- 
tion or antimicrobials. Although results from needle 
aspiration were lower than stool samples, the 
difference was not statistically significant (Table HI). 

The results of the viable counts of colonic micro- 
flora have been subdivided according to the degree of 
narrowing in the bowel at the site of the lesion. 
Patients have been classified into three groups 
according to whether their luminal diameter was (a) 
greater than 16 mm, (5) 12-16 mm or (c) narrower 
than 12 mm (Fig. 2). When data from patients having 
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Fig. 3. Influence of luminal narrowing on viable bacterial 
counts in patients receiving mechanical bowel preparation 
and antimicrobials. 


Table IH: COMPARISON OF RESULTS OF NEEDLE 
ASPIRATE AND PREOPERATIVE STOOL 
COLLECTION IN 6 PATIENTS NOT RECEIVING 
BOWEL PREPARATION OR ANTIMICROBIALS 


Stool or 
Organism sigmoidoscopy sample — Needle aspirate 

E. coli 6:91-- 1-41 6:40 -i- 2-09* 
B. fragilis 9-75 + 1-48 9-33 +-1-31 
Str. faecalis 5-51-- 1°88 4:50-2- 1-53 
Lactobacilli 3-304 2:80 2-40 + 2-60 
Klebsiella spp. — — 
Yeast —— — 
Proteus spp. 1-81-4241 0°83 -4-2-90 
Str. viridans 2:23 4- 2-80 1-98 - 2-10 
Clostridia 3:21 2:13 3-69 + 2-62 
Staph. albus — — 
Veillonella spp. — — 
Bacillus spp. wn — 

B. melaninogenicus —- — 
Bifidobacteria 2-11 -:2:80 1-60 4. 2-20 


* Not significant. 


Results given as log counts. 


Table IV: COMPARISON OF BACTERIAL COUNTS 
FROM THREE DIFFERENT SITES IN THE COLON 


Organism 


E. coli 

B. fragilis 

Str. faecalis 
Lactobacilli 
Klebsiella spp. 
Yeast 

Proteus spp. 

Str. viridans 
Clostridia 
Haemophilus spp. 
Staph. albus 
Veillonella spp. 
Bacillus spp. 

B. melaningogenicus 
Bifidobacteria 


Right colon 


(n= 5) 
9-33--0-58 
7-10-- 0-69 
3:01 2: 0-58 
5:10: 1-10 


vie 


muna 


1-31. 1-40 


Results given as log counts. 


Transverse 
colon 
(n — 6) 
8-96 1- 0-82 
9-20 -i- 1-60 
5-80 + 1-80 


4-30 + 1-30 


1-804 1-90 
4.104: 3:10 


se 


0-80 =- 1-60 


Left colon 
(n == 6) 
8:61-- 1-16 
9-70 2- 1-33 
6:20 +- 1-08 
3-302 1-50 


0-71: 1:31 
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Table V: RESULTS OF ANTIBIOTIC ASSAYS 
Neomycin 
S J E 

Conventional 0-85 154 124-2 

{a= 8) 20:8 Ol 164 
Elemental diet 0 D 2:1 

(n 7) 2 I s p 
Whole bowel irrigation 0-78 0-5 4:6 
Total 0-6] [34 46-5 

(n = 21) 0-76 0-63 109 


Concentrations in mg/l. 
S, Serum; J, jejunum; f, ileum; C, colon. 


bowel preparation alone were analysed, there was no 
significant difference in the bacterial counts according 
to the diameter of the resected colonic lesion. Similar 
results were obtained from patients receiving neomycin 
and metronidazole irrespective of the method of 
bowel preparation, indicating that the diameter of the 
colon did not impair the influence of antimicrobials 
on the faecal flora (Fig. 3). 

Of the 54 patients receiving antimicrobials, 11 (20 
per cent) had high counts of E. coli, and in 8 cases 
(15 per cent) this was due to neomycin-resistant 
organisms. A similar pattern of resistance was 
Observed in 3 out of the 25 patients with non-colonic 
disease. In the 54 patients receiving neomycin and 
metronidazole B. fragilis counts fell to below 10° 
organisms/ml in all except in 7 cases (13 per cent). 

The viable counts obtained in samples taken from 
different sites of the colon showed that there was no 
significant difference in the numbers of the most 
frequent and important pathogenic bacteria (Table IV). 


Antibiotic assays (Table V) 

The results of serum and intracolonic neomycin and 
metronidazole concentrations showed that although 
there were very high levels of neomycin in the colon, 
serum concentrations were too low to be of thera- 
peutic value. By contrast metronidazole achieved 
high serum but low colonic levels. Despite low con- 
centrations of metronidazole in the colon, the counts 
of B. fragilis were still significantly reduced when 
compared with the counts of B. fragilis in the controls. 


Discussion 

This study has shown that although most forms of 
mechanical preparation are effective in reducing the 
amount of solid faeces in the colon they have little if 
any influence on the counts per ml of faecal bacteria. 
On the other hand, when neomycin and metronidazole 
were added to the bowel preparation, there was a 
significant reduction in the two most important 
faecal pathogens. 

Unfortunately, the data presented here compared 
the faecal flora in unprepared patients undergoing 
operation or sigmoidoscopy with the results of bowel 
preparation in different subjects. It might have been 
preferable to have used the patients as their own 
controls and compared pre-treatment faecal samples 
with operative samples. However, if this procedure 
had been adopted two serious criticisms might have 
been raised. Faecal samples may not be comparable 
to samples obtained by needle aspiration, and the 
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C S j es, C E. 
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ES 912 $3 44d HOS zd 
356 4-08 1-05 0-21 1-35 
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716 505 0-82 Q-37 12i 
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bacterial flora of the colon may vary from day to day 
even within the same individual. When we compared 
stool samples with needle aspiration in unprepared 
patients, there was no significant difference in the 
counts of faecal bacteria. The introduction of 10 ml of 
normal saline into the colon had little influence on the 
density of the bacterial population, and this conforms 
with observed results obtained elsewhere in dogs 
(Nichols et al., 1972). Furthermore, Gorbach, Plant 
et al. (1967) have shown that there was no difference 
between the results of samples obtained by needle 
aspiration and those sampled through long intestinal 
tubes. Intubation techniques are usually unsatis- 
factory for sampling colonic contents and have the 
disadvantage of discomfort, contamination during 
withdrawal and difficulty in determining the exact site 
of sampling. 

The other criticism concerns the stability of the 
faecal flora in individual subjects. Our experience 
indicates that counts of E., coli and B. fragilis rarely 
vary from day to day in individuals or from one 
subject to another (Arabi et al., 1977). Although there 
are conflicting reports concerning the stability of the 
bacterial flora of the colon (Haemel et al., 1957; 
Kumper, 1962; Mitsuoka et al, 1965; Gorbach, 
Nahas et al., 1967), there does appear to be an increase 
in aerobic bacteria and a reduction in the counts of 
bifidobacteria spp. with increasing age (Haemel et al., 
1958; Ketyi and Barna, 1964). 

The results of this study have indicated that luminal 
narrowing at the site of the lesion did not appear to 
increase the numbers of bacteria per ml in the proximal 
colonic fluid. Also the effect on the bacterial flora of 
adding neomycin and metronidazole was not impaired 
by the presence of lesions that were on the point of 
completely obstructing the colon. 

Although there was a significant reduction in the 
numbers of E. coli and B. fragilis in the colon by 
neomycin and metronidazole, the other organisms 
tested were not significantly reduced. E. coli and B. 


fragilis have already been shown to be the most 


common isolates from wound infections after colonic 
resections (Keighley et al., 1976), and it is probable 
that a reduction in these organisms is the most 
important factor in protecting against wound sepsis. 

Although neomycin achieved high intraluminal 
concentrations, it only reduced the numbers of 
sensitive aerobic bacteria. Fortunately the number 
of neomycin-resistant organisms was not high and did 
not increase in frequency during the course of the 
study. Nevertheless, the emergence of increasing 


numbers of resistant coliforms is a greater risk of 
using this method of prophylaxis than systemic 
antibiotic cover. 

The influence of metronidazole on B. fragilis is more 
difficult to explain because of the levels of metro- 
nidazole in the colon were far below the minimum 
inhibitory concentration for the majority of strains of 
bacteroides (Finegold and Sutter, 1973; Chow et al., 
1975). One must therefore assume that neomycin 
and metronidazole have a synergistic effect on 
faecal anaerobes, and this observation has been 
confirmed elsewhere in healthy volunteers (Arabi et 
al., 1977). 

Previous bacteriological studies have shown that 
phthalylsulphathiazole (Poth, 1963), neomycin 
(Deering and Needham, 1963) and kanamycin (Cohn, 
1958) will reduce the numbers of aerobic bacteria in 
the colon. However, clinical studies to investigate the 
value of adding these antibiotics to bowel prepara- 
tion have failed to demonstrate any significant 
reduction in postoperative sepsis (Everett et al., 
1969; Washington et al, 1974). This is hardly 
surprising since the sulphonamides and aminoglyco- 
sides have no activity against the obligatory non- 
sporing anaerobic bacteria which have been recognized 
as a major cause of sepsis after colon resections 
(Leigh, 1975). Recent trials have indicated that the 
addition of metronidazole to kanamycin (Goldring 
et al, 1975) or neomycin (Matheson et al, 1977) 
significantly reduced the incidence of sepsis after 
colorectal operations. The present study has shown 
that a reduction in the rate of sepsis in colon surgery 
using neomycin and metronidazole is probably 
because of the profound influence of this combination 
of antimicrobials on the numbers of bacteria in the 
colon. Furthermore, the use of a mechanical form of 
preparation alone does not reduce the bacterial flora 
of the colon and is unlikely to provide any protection 
against sepsis after colorectal operations. 
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Primary suture of the perineal wound following rectal 


-excision for inflammatory bowel disease 
C. G. MARKS, JEAN K. RITCHIE, I. P. TODD AND JANE WADSWORTH* 


SUMMARY 

Delay in healing of the perineal wound is a major cause 

of disability in patients after excision of the rectum. 
The outcome of primary suture in 76 patients treated 

at St Mark's Hospital between 1967 and 1976 was 

correlated with a number of factors describing the 


patients, their preparation for surgery and details of 


surgical technique and management. 

The perineal wound healed by first intention in 33 
patients. The remaining 43 patients regarded as failures 
included 7 with delayed breakdown after initial healing. 

The results showed that women fared better than men. 
Excision of the rectum following colectomy and 
ileostomy was associated with failure of the perineal 
wound to heal in 9 out of 10 patients. Treatments with 
peroperative ampicillin and topical antibacterial agents 
were both correlated significantly with success. Pre- 
operative sepsis and operative contamination were 
followed by perineal sepsis and wound breakdown on 16 
out of 21 occasions. 

Discriminant analysis showed that topical and per- 
operative antibacterial treatments, sex, preoperative 
sepsis and finally ACTH were the mest important 
variables in descending order of importance. The pre- 
diction of success and failure by this procedure was 72:4 
per cent correct, 


EXCISIONAL surgery for inflammatory disease of the 
colon is a relatively recent practice and has been 
employed for less than 30 years. Once it became 
customary to excise the rectum as well as the colon for 
colitis, it was recognized that the perineal wound was 
often very slow to heal. The standard management of 
this wound in patients with inflammatory bowel 
disease was for many years the same as in patients 
undergoing rectal excision for carcinoma and has been 
described previously (Gabriel, 1963). With this 
technique, most series have shown that the perineal 
wound was still unhealed after 6 months in approxi- 
mately half of the patients and after a year in about 
a quarter (Jalan et aL, 1969; Ritchie, 1971, 1972, 
1974). with the more recent series showing no improve- 
ment over earlier ones. In 1970 the first report of 
patients treated by primary suture of the perineal 
wound with closed suction drainage was published 
by Oates and Alexander-Williams, who described a 
successful outcome in 41 of 53 patients with inflam- 
matory bowel disease. The perineal wound healed 
rapidly with little discomfort in most of the patients, 
and when breakdown did occur, or if the wound had 
to be reopened, the space was small and usually 
healed rapidly within 3 months ( Broader et al., 1974). 

The outcome of primary suture in patients with 
carcinoma of the rectum has been described previously 
(Marks et al., 1976), and in the present report only 
perineal healing following surgery for inflammatory 
bowel disease will be considered. Modifications of the 
technique of rectal excision with the dissection close 
to the rectum have been described recently (Hawley, 
1977; Lyttle and Parks, 1977) and are used at St 


Mark's Hospital; the relationship between this more 
limited dissection and perineal healing will be con- 
sidered. We have previously stressed the importance 
of haemostasis and adequate drainage of the pelvic 
space. We now use one or two perineal sump drains 
sited laterally through the levator ani muscles and 
connected immediately to a sealed system? after as 
much of the dead space as possible has been reduced 
by approximation of the levator ani muscles and fat; 
the skin is then closed carefully. 


Patients and methods 

At St Mark's Hospital between May 1967 and November 
1976, 78 patients undergoing rectal excision (with or without 
other surgery) for inflammatory bowel disease were treated by 
primary suture of the perineal wound. Three patients died 
postoperatively; | who died 106 days after surgery is included 
but the other 2 are excluded from this study. One of these 
patients died on the first postoperative day and post-mortem 
examination showed acute haemorrhagic bronchopneumonia. 
The other died 113 days postoperatively from chronic sepsis; 
at laparotomy 2 weeks after the original operation an abscess 
was found tracking into the peritoneal cavity. As this abscess 
may have originated in the pelvis, this patient was excluded in 
spite of successful healing of the perineal wound. 


Recording of data 

Fifty-nine variables concerning the patients, their clinical 
presentation, medication, with particular reference to steroids 
and antibacterial treatment, and surgical technique were 
correlated with the clinical outcome. This was analysed in two 
broad groups of complications related to the perineal wound 
and those which may follow any surgical procedure of this 
magnitude. This information was entered on a specially 
designed pro forma suitable for computer analysis. 

Most of the patients had been treated with steroids, and it is 
not known for how long, if at all, these drugs influence wound 
healing once treatment has been stopped. An arbitrary period of 
| month was chosen and patients who did not receive steroids 
within a month preceding surgery were excluded from the 
steroid-treated group. Topical and svstemic steroid medication 
were grouped together as it has been shown that systemic 
absorption follows the administration of steroid enemas 
(Powell-Tuck et al., 1976). 


Statistical analysis 

Various combinations of the patients in the failure group were 
used to examine the relationships between wound breakdown 
and clinical factors, but because of the small numbers available 
in the late breakdown groups (Table 1), it was preferable to 
use the simple groupings of success and failure. Tables FIV 
show the clinical factors related to success and failure, and any 
correlations between the clinical factors and success or failure 
were examined by using 77? tests (Tables V-VII). 

Discriminant analysis was carried out, using preoperative 
and peroperative clinical information to predict the outcome of 
wound healing. A linear discriminant function was calculated 
taking into account correlations between the variables which 
were the most usefu! to separate the patients into two groups: 
success and failure. 

* St Mark's Hospital, City Road, London. 

Present address of J. Wadsworth: Computing Unit for Medical 
Sciences, St Bartholomew's Hospital, London. 

+ AN-30 Shirley drains, AN-42 Sump pump; W. H. Andersen 
Products, Stephenson Road, Clacton-on-Sea. 


Results 

The overall results are shown in Table 1. The perineal 
wound healed by first intention in 33 patients (median 
length of postoperative stay 16-7 days) who con- 
stitute group 1. For this analysis, group 2 contains the 
remaining 43 patients (median length of postoperative 
stay 28 days). 

Infection with or without abscess formation was 
responsible for breakdown on 31 occasions and a 
haematoma was noted in 8 patients, At some stage 
16 patients were described as having a perineal sinus. 


Individual factors 

Before 1970 primary suture of the perineal wound was 
used in only 2 patients in neither of whom was it 
successful. Between 1970 and 1973 the wound healed by 
first intention in 10 of the 30 patients treated. More 
recently (1974-6) the perineum healed satisfactorily in 
23 of 44 patients., 

Group 1 contained a larger proportion of younger 
patients (Table I). However, there were proportion- 
ately more women in group | and their average age 
was lower. In addition, women fared significantly 
better than men (see Table V). The duration of 
symptoms was similar in both groups (mean 11:6 years 
in group | and 9-5 years in group 2). 

When the indications for operation were con- 
sidered (Table I), it was remarkable that the perineum 
failed to heal in the short term in 9 of the 10 patients 
who underwent rectal excision following an initial 
colectomy and ileostomy. The few patients with 
Crohn’s disease were equally divided between the 
two groups. 

There was very little difference in the types of 
medication received by patients in the two groups. 
Patients treated with ACTH tended to do badly but 
the association was not significant (y? = 2-37, P 0-1). 

It was not usual to give preoperative antibacterial 
agents to patients undergoing surgery for inflammatory 
bowel disease, and in this series less than a quarter of 
the patients were so treated. There was no association 
between this treatment and the outcome (Table IH). 
However, therapy with peroperative antibiotics, 
defined as treatment started at the time of premedica- 
tion and continued afterwards, and the application of 
topical agents to the pelvic space were both associated 
significantly with success (P « 0-03, see Tables VI and 
VII). 

The type of rectal excision (Table IV) was examined 
because of the interest in techniques which require a 
dissection close to the rectum (Hawley, 1977; Lyttle 
and Parks, 1977). An intersphincteric technique may 
help the perineal wound to heal in addition to preser- 
ving sexual function. Of the 48 cases with this type of 
dissection, 24 succeeded and 24 failed. The omentum 
was transposed to the pelvis on 7 occasions, and the 
perineum failed to heal in 5 of these patients. 

The different routes of drainage were analysed and 
no important differences were demonstrated between 
the two groups although few wounds were drained 
through the abdomen. 

Excessive contamination with bacteria was 
categorized as either established preoperative sepsis 
or when there was major contamination by either 
perforation of the rectum or faecal soiling. In both 
groups the patients fared badly. In the first the 
perineum failed to heal on 6 occasions out of 7, and 
in the second on 10 occasions out of 14. 
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Summary of results 

Single variables: In this analysis women fared better 
than men. Rectal excision after colectomy and 
ileostomy for ulcerative colitis was associated with 
a failure of the perineal wound to heal in 9 out of 10 
patients. Treatments with peroperative ampicillin and 
topical antibacterial agents were both correlated 
significantly with success. Preoperative sepsis and 
operative contamination were almost always followed 
by perineal sepsis and wound breakdown. 
Discriminant analysis. The most important variables 
in the discriminant function were again topical and 
peroperative antibacterial treatments, sex, preopera- 
tive sepsis and finally ACTH, in descending order of 
importance. The prediction of success and failure by 
this procedure was 72-4 per cent correct. 


Discussion 

For many years a perineal sinus has been recognized 
as an important cause of disability after rectal excision 
for inflammatory bowel disease. To avoid the 
problem, some surgeons have advocated preservation 
of the anal canal with removal of the rectum from the 
abdomen (Scarborough, 1961). This procedure has 
not found general acceptance although it has been 
used on several occasions by one surgeon (Parks, 
1977). If any diseased rectal mucosa is left in a patient 
with ulcerative colitis there is a risk of malignancy 
(Steedman, 1963). 


Ulcerative colitis (Table VHI) 

When the rectum is excised completely with the anal 
canal, the perineal wound has usually been allowed 
to heal from the top (Marks et al., 1976). With thistech- 
nique of open management, the incidence of perineal 
sinus, defined as a failure to heal within 6 months 
(Watts et al., 1966), has been between 25 and 55 per 
cent after surgery for ulcerative colitis. In 1970, Oates 
and Alexander-Williams reported rapid healing, either 
complete primary healing (58 per cent) or after minor 
superficial sepsis (19 per cent), in 41 of 53 patients 
with inflammatory bowel disease managed by primary 
closure of the perineal wound with closed suction 
drainage. This technique apparently achieved the 
same results in a few days as the open technique in 
many months. The most remarkable result was 
primary healing in 9 of 16 patients in whom the pelvis 
was grossly contaminated. 

At St Mark's Hospital, primary healing was achieved 
in only 43 per cent of patients treated in this manner; 
this is similar to the 46 per cent in the Leeds trial 
reported by Irvin and Goligher (1975). In a further 
report from Birmingham, Broader et al. (1974) 
claimed that ‘vacuum drainage largely obliterated the 
pelvic space and even if the wound had to be reopened, 
the space was small and usually healed within 3 
months’. In the present series 15 of the 38 wounds 
which had not healed on discharge had closed within 
3 months and 9 healed within a year. Using this 
technique, there was a significant improvement 
( P « 0-025) in the proportion of patients with a healed 
wound at 6 months compared with patients not so 
treated at this hospital (Ritchie, 1972). However, at | 
year the proportions of patients with healed wounds 
were almost identical (Table VIII). 


Crohm's disease (Table 1X) 
It is well known that perineal healing may be a major 
difficulty following rectal excision for Crohn's disease 
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(Ritchie and Lockhart-Mummery, 1973). However, 
the patients with Crohn's disease included in this 
analysis fared no worse than those with ulcerative 
colitis. It can be argued that these patients were 
selected for primary suture because they had less 
perineal sepsis and the surgeon thought that the 


Table 1: OVERALL RESULTS 


Results No. of patients 
Group | (average age 38 years) 
Primary healing 33 
Group 2 (average age 45 years) 
Early breakdown* 32 
Late breakdown 7 
Early and late breakdownt 4 


* Less than 3 weeks postoperatively. 
* Breakdown followed by healing and further breakdown. 


Table IH: REASONS FOR OPERATION RELATED TO 
PERINEAL HEALING 
No. of patients 


Reason for operation Group | Group 2 


Ulcerative colitis 
Rectal excision after colectomy and i 
ileostomy 
Long-standing disease 22 
Unsatisfactory ileorectal anastomosis l 
Urgent operation 5 
4 
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Table Ill: ANTIBACTERIAL TREATMENT RELATED 
TO PERINEAL HEALING 





Group | Group 2 
Treatment No. "5; No. p 
Preoperative 
Sulphonamide 8 24 7 16 
Neomycin 0 2 5 
Peroperative 
All antibiotics 27 82 24 56 
Ampicillin only 24 . 73 19  44* 
Topical 
All agents 19 58 12 28*+ 
Kanamvcin i5 46 6 l4 
Noxythiolin 4 12 5 12 


* These differences between the success and failure groups 
are significant (see Tables VI and VID. 
t Includes 1 patient not treated with kanamycin or noxythiolin 


Table IV: OPERATIVE TECHNIQUE RELATED TO 
PERINEAL HEALING 





Group | Group 2 
Technique No, °% No. pod 
———— gulis self eee IS Mrs I dm 
Average length of operation (min) 175 194 
Type of rectal excision 
Intersphincteric 24 73 24 56 
Close 2 6 4 9 
Unknown T 21 15 35 
Omentum to pelvis 2 6 5 12 
Excision of coccyx 0 } 2 
lc ee RUNE a a 


Table V: ANALYSIS OF THE RELATIONSHIP 
BETWEEN SEX AND PERINEAL HEALING 

Men Women Total 
Group | 10 23 33 
Group 2 25 18 43 
Total 35 4i 76 
uu a e i ue nh ME RU UP T uM T. 





y* = 4:8, P< O03, 


procedure would succeed. There was very little 
difference in the outcome of such patients allocated 
by random selection (Irvin and Goligher, 1975) and 
in a consecutive series (Broader et al., 1974). There 
are only 42 patients with primary suture following 
surgery for Crohn's disease included in Table 1X and 
the procedure was successful in 20. 


The patient 

Sex: Primary suture has reduced the higher incidence 
of perineal sinus in women treated by open manage- 
ment of the perineal wound reported by Watts et al. 


Table VI: ANALYSIS OF PEROPERATIVE 
TREATMENT WITH AMPICILLIN 


No ampicillin Ampicillin Totai 
Group | 6 24 30 
Group 2 19 i9 38 
Total 25 43 68* 








y?= $3, P00. 

* Eight patients who received antibiotics other than 
ampicillin are excluded; 3 of these patients were included in 
the success group. 


Table VII; ANALYSIS OF TREATMENT WITH 
TOPICAL ANTIBACTERIAL AGENTS 





| None All treatments Total 
Group | 14 19 33 
Group 2 3j 12 43 
Total 45 31 76 





z= 56, P002. 


Table VHI: TIME TO ACHIEVE PERINEAL WOUND 
HEALING IN PATIENTS WITH ULCERATIVE 
COLITIS 


Healed Healed 
Primary in in 
No. of healing <6mth <1 yr 
Authors patients vu yA pA 
Open management 
Watts et al. (1966) 93 -= 75 — 
Jalan et al. (1969) 106 — 45 63 
Ritchie (1972) 157 | | — 31 77 
Primary suture 
Hulten et al. (1971) 20 70 — — 
Broader et al. (1974) 4] 68 81 83 
Irvin and Goligher 29 46 70 — 
(1975)* 
Present series 67 43 70 79 


* Pelvic peritoneum not closed in 15 patients. 


Table IX: TIME TO ACHIEVE PERINEAL WOUND 
HEALING IN PATIENTS WITH CROHN'S DISEASE 


Healed — Healed 
Primary in in 
No.of healing <6mth «lyr 
Authors patients (5) HA (5) 
Open management 
Ritchie and 65 me 34 63 
Lockhart-Mummery 
(1973) 
Primary suture 
Hulten et al. (1971) 9 78 — — 
Broader et al. (1974) 13 3l v 85 
Irvin and Goligher i] 45 63 — 


(1975) 
Present series 9 44 89 89 
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(1966) and Jalan et al. (1969). The latter analysis 
showed that women treated by primary closure fared 
as well as men, and in the present series perineal 
wounds healed per primam significantly more 
frequently in women than men. 

Disease status: No associations were found between 
the reasons for operation and healing. Following 
urgent surgery, primary suture was successful in 5 of 
13 patients, which is a finding similar to that of the 
Leeds and Edinburgh groups. Neither this series nor 
the Edinburgh (Jalan et al., 1969) series confirmed 
the association between the length of history (more 
than 10 years) and poor healing reported by Watts 
et al. (1966). 


Treatment 

Steroids: When patients were given steroids for 6 
months in the year before surgery, a significant 
increase in the incidence of perineal sinus was reported 
by Watts et al. (1966). Most patients with troublesome 
inflammatory bowel disease will be treated with 
steroids at some time, and we have been unable to 
correlate this or any other specific treatment with 
perineal healing. 

Antibacterial treatment: There is no dispute that sepsis 
is an important cause of the breakdown of the perineal 
wound after surgery for both inflammatory bowel 
disease (Jalan et al., 1969) and malignancy (Marks et 
al., 1976). If excessive contamination follows perfora- 
tion of the rectum or rupture of an abscess cavity, the 
chance of primary healing is much reduced. Irvin and 
Goligher (1975) found that perineal healing was 
never achieved in these circumstances, although 
primary healing occurred in 5 of 15 similar patients 
described by Broader et al. (1974). In the present 
series, primary suture in the presence of contamination 
was followed by wound breakdown on 16 out of 21 
occasions. Peroperative treatments with ampicillin and 
topical applications, particularly kanamycin, were 
correlated with better healing. Similar treatments 
have been given to patients reported in other series, 
e.g. parenteral ampicillin (Irvin and Goligher, 1975) 
and topical antibacterial sprays (Jalan et al., 1969; 
Broader et al., 1974; Irvin and Goligher, 1975), but 
the details of treatment have not been correlated with 
the outcome. 

Extent of dissection; The early reports of surgery for 
ulcerative colitis were concerned with the type of 
excisional surgery and ileostomy complications with 
no mention of the perineal wound (Cattell, 1953; 
Goligher, 1953; Brooke, 1956). Subsequently, a 
dissection close to the rectum preserving the fat 
around it was advocated to reduce the incidence of 
genito-urinary complications (Stahlgren and Ferguson. 
1959), Van Prohaska and Siderius (1962) suggested 
that such a dissection. might prevent a persistent 
sinus, and they reduced the dead space by closing the 
peritoneum and approximating the levator ani 
muscles. 

Management of the dead space: Several techniques 
have been described in order to reduce the dead space 
resulting from excision of the rectum. Preservation of 
the fat around the rectum (Stahlgren and Ferguson, 
1959) and approximation of the levators (Van 
Prohaska and Siderius, 1962) have already been 
mentioned. In 1969 Jalan et al. suggested the use of an 
omental plug to fill the pelvis after surgery for 
ulcerative colitis. In 1970 Ruckley et al. from the same 
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centre reported that satisfactory perineal healing 
followed this transposition. However, in 1973 Dencker 
et al. reported prolonged infections in 2 patients treated 
in this way. In addition, we have previously reported a 
patient in whom the transposed omentum underwent 
acute necrosis (Marks et al., 1976). In this series, 
transposition of the omentum was associated with 
breakdown of the perineal wound in 3 out of 7 
patients. We agree with Irvin and Goligher (1975) 
that there is no evidence that patients so treated fare 
better, but are unable to comment on the use of this 
technique as a means of preventing intestinal obstruc- 
tion after rectal excision (Hamer-Hodges and 
Matheson, 1977). 

Intersphincteric dissection: In 1972, Lee and Dowling 
described a perimuscular technique (outside the 
external sphincter) for rectal excision. More recently, 
an intersphincteric technique (Hawley, 1977; Lyttle 
and Parks, 1977) has been described. In the present 
series the dissection was described specifically as 
intersphincteric in 48 patients. There were proportion- 
ately more patients (73 per cent) in the success group, 
but the lower percentage (56 per cent) in the failure 
group may well have been due to the inclusion of 15 
patients (35 per cent) in whom the technique was not 
specified (see Table IV). It is not possible to correlate 
the use of this technique with the outcome of perineal 
healing as there were equal numbers in the success 
and failure groups. This technique requires identifi- 
cation of the intersphincteric plane and is not readily 
applied to patients with severe anal sepsis. 


Conclusions 

In certain patients, primary suture of the perineal 
wound after rectal excision will achieve rapid healing 
with less discomfort and requiring a minimum of 
nursing care. However, this procedure is by no means 
always successful, particularly when sepsis and 
operative contamination are encountered. This well- 
recognized association is emphasized by the improve- 
ment in the outcome shown in this study when patients 
were treated with peroperative antibiotics and topical 
antibacterial compounds. There are no randomized 
trials of the use of antibacterial agents in this situation 
but it is difficult to escape the conclusion that patients 
undergoing rectal excision should have some form 
of antibacterial treatment. 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly. 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 

2. Lancet (1975) 4, 1251 
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Use of the carbon dioxide laser in an abdominoperineal 


resection for epidermoid anal carcinoma: a case report 
RAPHAEL SHAFIR, AMIEL ZWEIG, SAM SLUTZKI AND LEO A. BORNSTEIN* 


SUMMARY 

An abdominoperineal excision of the rectum was per- 
formed on a 52-year-old male who had epidermoid anal 
carcinoma. A steel scalpel was utilized for the 
abdominal component, but the entire perineal resection 
was accomplished with a carbon dioxide laser beam. We 
believe this to be the first reported case of an abdomino- 
perineal resection using this new modality, which may 
become a useful and modern adjunct in extirpative 
surgery. The haemostatic effects of the laser were well 
demonstrated in our patient. 


THE carbon dioxide laser beam is a new modality for 
use in cancer surgery, although it has in the past been 
used in experimental and clinical surgery. The action 
of the carbon dioxide laser is effected by delivering a 
continuous infrared beam of up to 50W output 
through a series of optic tubes and a handpiece. This 
is directed as a focused beam on to the tissue to be 
excised. The energy is absorbed by the tissue, elevating 
the temperature and causing vaporization. Because 
of the small and accurate focus of the Sharplan 791 
(Israel Laser Industries), it is possible to carry out an 
accurate haemostatic excision with minimal damage 
to the surrounding tissues. Electron microscope 
studies have shown that the incision made in human 
skin by the beam is 30 um wide (Ben-Bassat and 
Kaplan, 1975). 

The laser also has a haemostatic and lymphostatic 
effect. This is not due to the blood coagulation 
system but to a direct action of the laser beam. When 
it strikes a vessel up to 0-5 mm in diameter with 
normal flow. a constriction is produced, the endo- 
thelial surfaces come into contact and the vessel 
breaks at this point. Larger vessels must be grasped 
with a haemostat, and by raising the handpiece the 
laser beam is directed *out of focus' at the vessel in the 
haemostat, causing the vessel to seal. Lymphatics are 
also sealed in the same manner (Pariente, 1975). 
Significant reduction of operative blood loss has been 
shown in mastectomies (Kaplan and Ger, 1973a), 
large excisions in plastic surgery (Slutzki et al., 1977) 
and in the excision of burns (Levine et al., 1975). The 
sealing of vessels and lymphatics may also be impor- 
tant in the excision of malignancies, because there is 
no squeezing of cells by excess tissue handling and 
clamping. A reduction in mortality and recurrences 
of subcutaneous fibrosarcomas in mice after laser 
excisions has been demonstrated (Frishman et al., 
1974). Further work is needed to assess the true 
value of laser excision as compared with conventional 
methods of tumour excision. 

The carbon dioxide laser has been used clinically 
for the extirpation of malignant and vascular tumours 
of the skin and soft tissue, brain and breast, as well as 
for oral, laryngeal and vaginal lesions (Stellar et al., 
1974). The use of the laser in fulguration of rectal 
carcinoma has also been documented (Kaplan and 
Ger, 1973b; Kaplan et al., 1974), as has its use in 
extirpation of rectosigmoid polyps (Verschueren and 





Fig. 1. Preoperative view of the perineum showing extensive 
epidermoid carcinoma. 





Fig. 2. Postoperative view of the perineum 4 days after 
excision of the tumour with the laser. 


Oldhoff, 1975). The case reported here describes a 
patient with epidermoid carcinoma of the anus who 
underwent an abdominoperineal resection. The 
perineal stage of this operation was carried out 
using only the carbon dioxide laser beam. To our 
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knowledge the medical literature contains no previous 
description of a resection of the rectum performed by 
this means. 


Case report 

A 53-year-old male presented with a perineal mass which was 
diagnosed as an abscess. This ‘abscess’ was incised and drained 
of necrotic debris, but the patient neglected to attend follow-up 
until 2 months later. At that time the incision had not healed 
and its edges were raised and fungating. The patient was 
admitted to hospital and on physical examination swelling and 
spreading of the lesion was observed over the perineum, 
extending up to the scrotum (Fig. 1). There were no additional 
clinical findings. A biopsy specimen of the wound edges was 
reported as showing epidermoid carcinoma. 

Subsequently, a Hartmann's diverting colostomy was 
performed. The patient was then subjected to a preoperative 
irradiation course of 4000 rad directed to the perineum and 4 
weeks later he underwent an abdominoperineal resection. The 
abdominal stage was performed with the steel scalpel but both 
the perineal tumour and the rectum were excised with the 
laser beam. 

There was widespread invasion of the tumour into the 
perineum, with deep penetration of the perirectal space, mostly 
on the left side, reaching up to the scrotum and the bulbous 
cavernosus of the penis. It had infiltrated the periurethral 
tissue distal to the membranous part of the urethra. The laser 
beam permitted meticulous dissection of the tumour from the 
urethra. Frozen sections of periurethral tissue and of the 
periosteum of the pubic ramus of the ischium were negative 
for tumour. 

After pulling the rectum through the perineum, the pelvic 
peritoneum was sutured and the abdominal incision closed. 
A meshed skin graft was applied to the large perineal defect 
(Fig. 2). No ligatures were applied to secure haemostasis. A 
small number of bleeding vessels were first clamped by 
haemostats and then sealed by defocusing the laser beam. The 
measured blood loss was 120 ml and no blood transfusion was 
required. 

There was no drainage from the perineum and drains were 
not inserted. Postoperatively the patient seemed remarkably 
free from pain and did not require analgesia. The mesh graft, 
however, was removed by the patient when he inadvertently 
pulled off his dressings. He deteriorated rapidly due to cerebral 
metastasis, which was not detected at the time of the operation. 


Discussion 

Abdominoperineal resection of the anus is considered 
to be a major operation. Excessive operative bleeding 
and postoperative drainage are frequent complica- 
tions. In the case reported, restriction of blood loss 
to 120 ml, which did not require blood transfusion, 
was a significant feature, while postoperative oozing 
was eliminated and no drainage was required. The 
patient did not complain of pain in the perineal 
wound. This pain-free phenomenon after laser 
surgery has been previously observed (Kaplan and 


Ger, 1973b), and its theoretical basis needs to be 
elucidated. 

The principal attributes of the laser beam are that 
it promotes good wound healing (Mester et al., 1971) 
and good graft take following laser excision (Levine 
et al., 1975), as well as sealing of blood and lymphatic 
vessels during operation. In our case the patient was 
generally uncooperative and interfered with his 
dressings, so that the quality of skin take could not 
be demonstrated. 

A disadvantage was the overall operating time, 
which was somewhat prolonged when using the laser 
as compared with the scalpel. However, the laser is an 
interesting new modality in surgery that may find 
greater uses in the future. 
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The effect of reversed jejunal segments on the 


myoelectrical activity of the small bowel 
W. A. TANNER, J. F. O'LEARY, P. J. BYRNE AND T. P. J. HENNESSY* 


SUMMARY 

Short reversed jejunal segments increase intestinal 
transit. time clinically. In view of the correlation 
between motility and myoelectrical activity, we have 
investigated the effect of jejunal reversal and transection 
on the latter in 10 mongrel dogs. There is a significant 
decrease in the basic electrical rate in and below both 
transected and reversed jejunal segments. There is a 3 
per cent incidence of retrograde electrical activity 
within a transected segment and a 24 per cent incidence 
in the intestine distal to it. In reversed segments the 
incidence of retrograde activity is 60 per cent within the 
reversed segment and 61 per cent in the jejunum distal 
to it, 


ANTIPERISTALTIC jejunal segments have been used for 
the control of diarrhoea after vagotomy and massive 
small bowel resection and also for the correction of 
dumping in certain cases. Mall, in 1896, produced 
obstruction in the experimental animal by reversing a 
long segment of small intestine. It was subsequently 
shown by Sawyers and Herrington in 1971 that 
reversal of a short segment of bowel could delay 
transit without producing obstruction and that this 
delay was probably due to retrograde peristalsis, 
which they observed radiologically within the segment. 

Using strain gauges and implanted electrodes, in 
our laboratory we have shown conclusively that there 
exists a close correlation between gastrointestinal 
mechanical activity and myoelectrical activity. This 
work is further confirmed by the results of studies by 
Daniel and Chapman (1963) Thus, mechanical 
changes following jejunal reversal should reflect 
alterations in the underlying myoelectrical activity. 

We have studied the myoelectrical activity in 10 
mongrel dogs, before surgery, in 5 following reversal 
of a 10-cm jejunal segment and in 5 other dogs 
following transection and reanastomosis of a 10-cm 
jejunal segment. The studies were carried out over a 
period of 9 weeks. 


Materials and methods 

Ten mongrel dogs ranging in weight from 21 to 25 kg were 
studied. All observations were made in the fully conscious 
animal, trained to rest quietly on a rubber mat beside the 
recording machine. Six stainless-steel monopolar electrodes 
were implanted subserosally on the proximal jejunum, with 
the dogs under general anaesthesia. Each electrode was 0:6 mm 
in diameter and projected 2 mm from a disc of dental acrylic. 
Three holes and a notch were made in the disc to enable 
fixation with 4/0 nylon to the wall of the gut. Each electrode 
was connected via PVC-insulated silver-plated copper wire to a 
six-pin plug, which was embedded with wax and acrylic in a 
Thomas's cannula and implanted in the right flank of the 
animal. The reference electrode was placed separately, at the 
time of each recording, in the medial aspect of the right thigh. 
The gastroduodenal junction was used as a reference point 
and the position of the electrodes and the distances from the 
junction are shown in Fig. 1. Myoelectrical activity recordings 
of 2-6 hours’ duration were taken during fasting and after 
feeding. A permanent record was obtained on a Devices six- 
pen recorder with a time constant of 1 s and variable paper 
speeds. 


Ten days after implantation of the electrodes, a series of 
awake recordings over 10 2-h periods were obtained in all 10 
dogs in a fasted state and again after feeding to establish a 
baseline pattern of normal basic electrical rhythm (BER). 

At a subsequent operation 3 weeks later, in 5 of the dogs a 
I0-cm segment of jejunum was transected and reanastomosed, 
the site of this procedure being 45 cm from the gastroduodenal 
junction as shown in Fig. 2 (2-5 cm of jejunum are absorbed in 
fashioning each anastomosis). From 2 weeks following this 
procedure, up to 9 weeks, the BER was monitored twice weekly 
for 2 h while fasting and for a further 2 h after feeding. In the 
remaining 5 dogs, 3 weeks after placement of the electrodes à 
10-cm jejunal segment was reversed, the site of this procedure 
being 45cm from the gastroduodenal junction (Fig. 3) 
Reversal was obtained by rotating the segment counterclock- 
wise, taking care to preserve the neurovascular supply within 
the pedicle. In both the transection and reversal groups the 
bowel and mesentery were divided in identical fashion. The 
timing and length of subsequent recordings were similar in 
both groups of dogs. Thus, following both transection and 
reversal, two electrodes were contained within the segment and 
the remaining electrodes were above and below, as shown in 
Figs. 2 and 3. 


Results 

The recordings obtained in the normal dogs showed a 
regular pattern of slow wave activity which had a 
mean frequency ( £ s.e. mean) of 18:3 ( € 0-24) cycles/ 
min (7 = 15), with no significant variation conducted 
caudally. There was no evidence of retrograde con- 
duction in any of the animals during the 20h of 
recording, either while fasting or after feeding (Fig. 4). 

In the dogs with a transected and reanastomosed 
segment there was a significant decrease in the 
frequency of the BER, both within and below the 
segment, while the rate above the segment remained 
normal. The mean frequency (+ s.e. mean) within the 
segment was 13-9 (0:42) cycles/min (n = 13) and 
below was 13-81 (024) cycles/min (7 = 15). That 
above the segment remained at a mean of 17-92 
( + 0-06) cycles/min (n = 15) (Fig. 5). 

In those dogs with a reversed segment again there 
was a marked drop in the frequency of the BER below 
and within the reversed segment, while the rate above 
again remained unaltered (Fig. 6). The mean frequency 
above the segment (+s.e. mean) was 17-9 (+0-05) 
cycles/min (7 = 15), that within the segment was 13-6 
(+0:22) cycles/min (n = 15) and that below was 
13-54 ( £ 0:21) cycles/min (7 = 15). These changes in 
frequency were retained for the 9 weeks of recording 
in all cases. 

Nakayama (1962) has shown that the BER is 
propagated caudally in the proximal jejunum at à 
rate of 2-5 cm/s. Thus, a slow wave occurring in a 
distal electrode, for up to 1 s before its generation in 
the corresponding proximal electrode 5 cm away, 
can be assumed to be propagated retrogradely (Fig. 7). 
To estimate the amount of retrograde conduction of 
the BER we took random 10-min sections of each 
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Table 1: THE EFFECTS OF TRANSECTION AND 
REVERSAL ON FREQUENCY AND DIRECTION OF 
PROPAGATION 





Above Within Below 
Frequency (Ccyclesimin) | 
Transected 17:9 (= 0-06) 13-4 (0:42) 3-81 g 0:24) 
Reversed 17.9 (— 0-05) 13-6 (0:22) 13:54 (0:21) 
Reirograde activity C) 
Transected 0) 3-2 (+ 0-4} 24-3 (+. 1-6} 
Reversed 16-2 (2 2:3) 60.7 (1-89) 61-62 (2 2-4) 
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recording and calculated the percentage of slow waves 
which could be defined as retrograde. 

The direction of propagation of the BER in the 
normal dog was exclusively caudad. In the dogs with 
a transected segment the mean percentage of retro- 
grade activity (+s.e. mean) within the segment was 
3-2 € 0-4 per cent and the mean of that occurring at 
three electrodes (J4, J5 and J6) below the transection 
was 24:3 + 1-60 per cent. In the dogs with a reversed 
segment conduction within the segment showed a 
high percentage of retrograde activity—60-7 + 1:89 
per cent—relative to the proximal jejunum. This 
activity was of course orthograde for the segment 
itself, i.e. from J2 to J3. Above the segment, between 
electrodes J2 and JI, a small percentage of retro- 
grade activity was noted (16:2 € 2:3 per cent). In the 
distal jejunum in these animals 61:2 * 2-4 per cent of 
activity recorded at J4, J5 and J6 was retrograde. 
These changes are illustrated in Table /. 


Discussion 

The reversal of this short jejunal segment has two 
distinct effects on the inherent myoelectrical activity. 
First, it reduces the frequency of the BER and, 
secondly, it encourages retrograde activity both 
within and below the segment. A decrease in the 
frequency of the BER has been produced previously 
by various physical factors. Compression of the 
duodenum with a clamp or pneumatic cuff below the 
entry of the common bile duct (Bass and Wiley, 1965), 
and cooling of the serosa 1 or 2 ^C with a 2-cm probe 
(Milton and Smith, 1956), both create a temporary 
decrease in BER frequency. 

The lack of influence of the extrinsic nerves on the 
BER was noted by Berkson (1933), when he observed 
that the features of the BER seen in intact rabbit 
intestine were present in excised intestine, Similarly, 
after vagotomy or sectioning of the mesenteric nerves 
there was no change in the form or rate of the BER 
obtained from dog bowel. In the acute dog prepa- 
ration Daniel (1965) confirmed that sectioning the 
mesenteric nerves to a segment of bowel did not alter 
any characteristics of the BER. Thus it is unlikely 
that damage to the mesentery caused by transection 
and reversal of jejunal segments would in itself alter 
the frequency of the BER. 

A method of selectively damaging the intrinsic 
nerve plexus in approximately 15 cm of bowel without 
destroying the smooth muscle was developed by 
Hukuhara et al. (1961) and used by Szurszewski (1966) 
to study the motor and electrical properties of 
deganglionated segments of dog bowel. A degangli- 
onated segment of jejunum initially lost the BER but 
it returned within 5-7 days. However, frequencies 
in perfused and distal segments were decreased 
significantly following recovery. This led to a postulate 
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on the function of the nerve plexus: when the nerve 
plexus is damaged, the muscle of the small bowel wall 
generates the BER at its inherent myogenic frequency, 
which is lower than in intact bowel. Thus, it is proposed 
that the myenteric plexus, when functional, raises the 
excitability of the myogenic system so that it generates 
the BER at a frequency faster than its inherent 
myogenic rate. This postulate could explain the 
frequency drop seen in our reversal and transection 
dogs as being due to the possibly permanent local 
damage caused to the myenteric plexus by surgery. 
The second effect in reversed segments is the induc- 
tion of retrograde conduction of the BER to a 


significantly greater extent than in the transected 
segments—for a distance of at least 25 cm distal to 
it. The ‘reversal’ of activity within the reversed 
segment is to be expected, for the myoelectric flow 
is in fact orthograde relative to the segment itself. 
We have also noted in previous experiments using 
intact bowel that retrograde propagation of the BER 
was recorded when the gut was handled excessively 
or probed repeatedly with electrodes, and that 
caudal propagation always resumed after a short 
time. Other authors have effected a reversal in the 
propagation of the BER by heating and by ligating 
the duodenum. This alteration of propagation may 


be due to the unmasking of multiple pacemaker areas 
in the bowel which appear when the normal pro- 
pagative pathways are injured or blocked. 

It would appear that an intact intrinsic nerve plexus 
is essential for aboral conduction. Again Szurzsewski 
(1966), using his deganglionated bowel segments, noted 
that an asynchronous pattern was present both in the 
denervated segments and for at least 16 cm of bowel 
caudad to the damaged section. Thus, interruption of 
the nerve net altered the conductive properties of a 
segment of distal bowel where the plexus was not 
damaged. This suggests that an intact continuous 
myenteric plexus is necessary for aborad polarity of 
conduction and that the plexus exerts a dromotropic 
effect on the myogenic conduction system. 

For some time now it has been widely believed 
that the small bowel behaves electrically as a series of 
loosely coupled oscillators, each having an inherent 
frequency whilst oscillating at a higher frequency 
under the influence of the preceding oscillators in the 
chain. To an extent this model can be used as a 
further explanation for the effects seen in our study. 
Interrupting the continuity of the bowel wall will 
allow the oscillators distal to the injury to oscillate at 
their inherently lower rate, having lost the proximal 
driving force. Therefore, the increased incidence of 
reversal in the propagation of the BER seen following 
reversal of a segment of bowel could be explained by 
the loss of the caudad-directed driving force of the 
preceding oscillators. 


Conclusion 

The results of these experiments suggest that the 
braking effect, observed clinically, on the small bowel 
transit time following jejunal reversal is not only due 
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to changes of frequency and direction of propagation 
of the basic electrical rhythm within that segment but 
also to similar changes induced distal to the site of the 
reversal. This phenomenon could be due to interrup- 
tion of the oscillator chain or disruption of the 
intrinsic nerve plexus. 
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Adenocarcinoma arising in a duplication of the rectum 


R. DOWNING, H. THOMPSON AND J. ALEXANDER-WILLIAMS* 


SUMMARY 
A case of adenocarcinoma arising 
duplication is reported. 


within a rectal 


INTESTINAL duplications are congenital fluid-filled 
cysts occurring in both tubular or, more commonly, 
spherical form and resembling in structure some part 
of the alimentary tract. In a review of 315 cases (Dohn 
and Povlsen, 1951), two-thirds produced symptoms 
of intestinal obstruction, volvulus or haemorrhage, 
and although such manifestations are usually en- 
countered in children (Williams, 1959), their presenta- 
tion in adult life is recognized (Nolan and Lee, 1953). 

All regions of the gut may be affected but the 
rectum is the least common site. The first report of 
rectal duplication appeared in 1885, as a case of 
'post-anal intestine’ in a 1-year-old girl (Middeldorpf, 
1885). The most recent review reported only 70 cases 
of rectal duplication in the literature (Kraft, 1962). 

Malignant change in intestinal duplications is an 
extremely rare phenomenon. Orr and Edwards (1975) 
reported 2 patients in whom adenocarcinoma de- 
veloped in colonic duplications and their review 
revealed only 6 other well-documented cases of 
malignant complication, 4 of which involved the large 
intestine. A survey of the literature reveals only 2 
previous reports of carcinoma arising in well-docu- 
mented rectal duplications, and it is the purpose of 
this paper to report a further case. 


Case report 

Mr E. G., a 42-year-old police inspector, presented in March 
1974 complaining of perianal discomfort. Apart from a 
thrombosed pile 4 years previously, he gave no other history 
of anal disease. Examination, including proctoscopy and 
sigmoidoscopy, proved normal and no specific treatment was 
given. 

He was referred again in January 1976 with a history of 
pain on defaecation and weight loss. There was no history of 
rectal bleeding or change in bowel habit. Examination on this 
occasion revealed a fluctuant, cystic swelling lying anterior to 
the coccyx and indenting the posterior rectal wall. The rectal 
mucosa appeared normal. 

The patient was admitted. Haemoglobin and ESR estima- 
tions, a biochemical profile and a chest radiograph were normal 
but a radiograph of the pelvis showed a sharply defined soft 
tissue mass lying anterior to the sacrum. No bony abnor- 
malities were noted. Examination under anaesthesia confirmed 
these findings and percutaneous needle biopsy and drainage of 
the cyst were performed. Four hundred millilitres of blood- 
Stained fluid were removed. The cyst was replaced by water- 
soluble contrast medium. This showed a cyst similar in con- 
figuration to the normal rectum with no communication with 
either the rectal lumen or the spinal theca. Although the radio- 
graph showed an irregular outline at the anal end (Fig. 1), a 
diagnosis of simple rectal duplication was made. As no 
evidence of malignancy was detected on biopsy and cytology, 
a fenestration of the cyst into the rectum was performed. At 
this operation. the irregularity of the cyst wall was confirmed 
and biopsy substantiated the diagnosis of mucin-secreting 
adenocarcinoma. 

Following a course of radiotherapy, a combined abdomino- 
perineal excision of the rectum was performed in April 1976. 
A large retrorectal cyst, lying beneath the pelvic peritoneum, 
was found to be intimately bound to the rectum and involved 





Fig. 1. Cyst puncture revealing a large retrorectal cyst 
similar in configuration to a normal rectum. Note the 
irregular lining in the caudal region. 


with carcinoma. No hepatic secondaries were found. The 
perineal wound was closed as a delayed primary procedure. 

Apart from perineal sepsis, the patient made an uneventful 
recovery. Unfortunately, despite radiotherapy and chemo- 
therapy, he is now succumbing to extensive pelvic metastatic 
disease. 


Pathology 

The specimen consisted of sigmoid colon, rectum and anal 
canal, together 36 cm long. Posterior to the lower rectum was 
a 10x9cm mass (Fig. 2). Section revealed that one-third of 
this cyst (on the right side) had a smooth lining. The remainder 
was lined by grey mucinous carcinoma tissue up to 2:5 cm 
thick. The central cavity measured 5 cm and did not com- 
municate with the rectum, but the stellate scar from the 
previous fenestration operation was visible from the luminal 
side of the rectum. The rectal mucosa was otherwise normal. 
Within the mesentery were numerous lymph nodes up to 2 cm 
in diameter. 

Histology showed mucin-secreting adenocarcinoma infil- 
trating all layers of the cyst wall. Most of the cyst was lined by 
malignant epithelium although part was covered by stratified 
squamous epithelium. A smooth muscle layer was identified in 
the wall of the cyst. The squamous zone showed occasional 
sebaceous glands and sweat glands but no hair shafts were 
found and there was no other evidence of teratomatous tissue 
(Fig. 3). Metastatic carcinoma involved the lymph nodes. 


Discussion 
The following criteria for diagnosis of duplication 
have been suggested by Macleod and Purves (1970): 
(a) a lining of some type of gastrointestinal mucosa 
(not necessarily corresponding to that of the adjacent 
gut); (5) a layer of smooth muscle in the wall of the 
cyst; and (c) attachment to the alimentary tract. 
Malignant degeneration in rectal duplications is a 
rare occurrence. Fletcher and Waring (1900) were the 
first to report an adenocarcinoma developing in a 
sacrococcygeal tumour lined with columnar epithelium. 
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Fig. 2. Resected specimen showing the intact cyst arising 
from the posterior aspect of the rectum. 


However, this may not have been a duplication, as the 
patient was a 2-year-old child and the remaining 
structure of the cyst wall was described as vascular 
connective tissue, with no mention of smooth muscle. 
In 1924, Hundling reported two cases of ‘ventral 
tumours of the sacrum', one a colloid carcinoma and 
the other an adenocarcinoma, but no conclusion was 
reached as to their possible origin. The first well- 
documented case was published by Ballantyne (1932); 
this was a 38-year-old woman presenting with left 
buttock pain who was found to harbour a retrorectal 
cyst lined with columnar epithelium containing 
goblet cells. The cyst contained an infiltrating adeno- 
carcinoma and was adherent to the rectum. The wall 
was described as fibrous connective tissue but con- 
tained no smooth muscle layer. Crowley and Page 
(1960) later described a mucin-secreting adenocar- 
cinoma arising within a presacral cyst lined with 
columnar epithelium and containing two layers of 
smooth muscle in its wall. Although the structure was 
not attached to the rectum, it was almost certainly a 
rectal duplication. 

The incidence of rectal duplications in adult life is 
unknown, but it is likely that many remain asympto- 
matic unless complicated by infection, bleeding or 
malignant degeneration. In this context, Orr and 
Edwards (1975) noted that malignant intestinal 
duplications which did not communicate with the bowel 
lumen failed to produce symptoms until late in the 
disease, and in their study several of the neoplasms had 
reached an advanced stage by the time of presentation. 
The cyst described here, although lined by stratified 
squamous epithelium with dermal elements, contained 
smooth muscle in its wall and fulfilled the criteria for 
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epithelium on the right merges into mucin-secreting 
adenocarcinoma which is infiltrating the cyst wall. 





rectal duplication. Thesimilarity between itsappearance 
on cyst puncture and the appearance of a rectum on 
barium enema examination was striking. However, 
radiology is of limited use in the diagnosis of intestinal 
duplication. Although a soft tissue mass was seen in 
our patient, a plain X-ray film is usually normal 
(Campbell and Wolff, 1973) and calcification is a rare 
finding (Bastable, 1964). Barium studies may reveal 
displacement or obstruction of the bowel or a double 
lumen if communication with the intestine exists. 
Radiography of the cyst in our patient revealed 
an irregular outline suggestive of malignancy, and 
we believe this to be the first reported case of carci- 
noma in a rectal duplication demonstrated radiologi- 
cally. 
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Peritoneal dialysis in obstructive jaundice: 


an experimental study 


S. P. KAUSHIK, M. SUBRAHMANYAM, M. KUMAR AND 


R. N. CHAKRAVARTY* 


SUMMARY 

Rats were subjected to common bile duct ligation, after 
which intermittent peritoneal dialvsis with a buffered 
solution containing rat plasma proteins was carried out 
in an attempt to reduce plasma bilirubin levels. 

Plasma bilirubin increased significantly (P « 0-01) on 
the seventh day and was still rising 12 days after ligation 
of the common bile duct. Dialysis was performed 
during the second postoperative week. Provided that 
rat plasma protein was present in the dialysing fluid, 


dialysis significantly reduced (P «0-01) the levels of 


total plasma bilirubin, conjugated bilirubin and serum 
GPT in the experimental animals. 


OPERATIVE mortality and morbidity of patients with 
obstructive jaundice has remained high, irrespective 
of the aetiology or the advances made in the manage- 
ment of the condition (Dawson, 1970). The problem 
is worsened in developing countries by the late 
presentation of cases with correspondingly intense 
jaundice (Dutta and Kaushik, 1978). Definitive 
surgery, bypass or decompression are the only known 
procedures available to reduce hyperbilirubinaemia. 

To study the effect of intermittent peritoneal 
dialysis in obstructive jaundice an experimental model 
was created in rats who were rendered hyperbili- 
rubinaemic and then subjected to dialysis with buffers 
containing plasma proteins. 


Material and methods 

Thirty-four male, adult albino rats from the central animal 
house of this institute, weighing between 180 and 290 g, were 
selected for the study and allocated into four groups (Table I). 
The group | animals were subjected to a sham laparotomy. 
In groups 2, 3 and 4 extrahepatic biliary obstruction was 
produced by surgical exploration. under ether anaesthesia, 
ligation with silk and excision of the intervening segment of 
the common bile duct. 

Serum bilirubin was estimated on the seventh day. Blood was 
collected from the severed tail of the animal into a heparinized 
tube. Group 3 and 4 animals were subjected to peritoneal 
dialysis from the eighth day onwards through an indwelling 
polythene cannula in the left flank. In group 3 animals a 5 per 
cent solution of rat plasma in. Ringer-bicarbonate buffer was 
used. In group 4 buffer solution alone was used; the solution 
contained glucose (11-1 mmol/l), sodium chloride (11-8 mmol/l), 
potassium chloride (5-6 mmol/D, calcium chloride (1-9 mmol/l), 
sodium bicarbonate (25:0 mmol/l) and magnesium chloride 
(0-5 mmol/l). The pH was adjusted to 7-2 and 1000 units of 
heparin and 12:5 mg/l tetracycline were added to the solution. 

With the help of a disposable blood transfusion set con- 
nected to a syringe, 20 ml of fluid were allowed to flow into the 
peritoneal cavity (Fig. 1) and left in situ for 2 h. At the end of 
this time the dialysate was collected directly into a syringe 
attached to the cannula and stored at —20 °C. It was possible 
to recover up to 75-80 per cent of the dialysed volume. 
Dialysis was carried out for 5 consecutive days. Dialysate 
recovered from the peritoneal cavity of each rat was pooled 
and analysed for bilirubin. 

All the animals were sacrificed on the twelfth postoperative 
day and blood samples taken directly from the exposed heart. 
A post-mortem examination was performed and the liver 
removed for histopathology. 


ES 


Fig. 1. The arrangements for peritoneal dialysis. 


Table I: DISTRIBUTION OF ANIMALS AMONGST 
THE GROUPS 


No. of Operative Peritoneal 
Group animals procedure dialysis 
i fi Laparotomy alone Not done 
2 10 Common bile duct Not done 
excision and 
ligation 
3 10 Common bile duct With plasma 
excision and proteins and 
ligation buffer solution 
4 7 Common bile duct With buffer 


excision and solution alone 


ligation 





The bilirubin was estimated by the method of Malloy and 
Evelyn (1937), GPT by the colorimetric method of Karmen 
et al. (1955) and sodium and potassium by flame photometry. 

Histological examination of the liver was performed after 
staining with haematoxylin and eosin, Gordon and Sweet's 
reticulin stain, Mallory's phosphotungstic acid-haematoxylin, 
period acid-Schiff and van Geison stains. 

For statistical analysis Student’s ¢ test for unpaired data 
was used: the data concerned are reasonably normally 
distributed as shown by the symmetry of the extremes of range 
about the means (Tables H, HI). 


ee soe Bag RM EN ae al ea cece 
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Table H: BODY AND LIVER WEIGHTS IN THE 
VARIOUS GROUPS 

Liver weightt 





Organ : 
No. of Body weight * body 
Group animals Initial Dav 12 Day 12. weight 
i 7 Mo 218+ 6-15 L9: 
27.3 29-20 0-40 0-13 
30-18 29-02 4-43 0-22 
3 10 223 4 216+ 8-5 -- 364 
3475 34-9 1-55 0-66 
42-6 [4-9 0-22 0-11 


—— 


* No significant difference (P >- 0-05) in body weight was 
found compared to control groups. 

t Liver weights changed significantly (P 0-05) in all three 
experimental groups. 

ti Organ : body weight ratio —(liver weight = 100)/body 
weight—increased significantly (P « 0-05) in all three 
experimental groups. 


Table Hl: TOTAL PLASMA BILIRUBIN 
CONCENTRATIONS IN THE VARIOUS GROUPS 


Total plasma bilirubin Bilirubin 
No. of (mmol/l) dialysate 
Group animals Day 7 Day 12 (mmol/l) 
Í 7 4-28 — 4.28 — 0 
21-38 21-38 
12:83 -- 12-83 + 
4-62 4-62 
2 10 39.3 — 82-08 — 0 
141-95 177-84 
90-63 =: 133-38 
35-40 35-91 
3 io 94-05 -— 13-68 - 92.34 -< 
142-27 47.88 10-94 
117-99 .. 34.20 i 
3:10 12-48 
4 7 61-56 — 82-08 — 428 
141-93 157-37 1-71 
92-34 112-86 -:- 
29-93 24-96 


Group | r. groups 2, 3 and 4: P--0-01 on days 7 and 12. 
Group 2 r. group 3: P 0-01 on day 7 and <0-01 on day 12. 
Group 2 2. group 4: P 0-01 on days 7 and 12. 





Results 

No significant alterations in body weight were 
observed in the different groups of animals on days 
7 and 12 (P7 0-05). The liver weights, however, were 
significantly higher in the three experimental groups 
(P 0-05) and remained so even after dialysis (Table 
II). 


Plasma bilirubin 

Total bilirubin concentrations on day 7 (before 
dialysis began) and on day 12 (immediately after 
dialysis had taken place) are given in Table III. Con- 
jugated bilirubin was found to be about 75 per cent 
of the total in obstructed animals, but after dialysis in 
group 3 it was about 60 per cent. 


Serum GPT 

The mean level of serum GPT (expressed as i.u./ml) in 
group I was 7:7+1-40(s.d.). A significant rise 
(P«0:01) was observed in all the three experimental 
groups with values of 28:0 £ 9-40 in group 2, 12:74 
2:40 in group 3 and 18-9 4 5-78 in group 4. 


Although the values remained high, a significant 
(P « 0:01) fall was observed in group 3 and 4 animals 
in.comparison with those not subjected to dialysis, 


Serum sodium and potassium 

No significant alterations were observed in values of 
serum sodium and potassium in any of the groups 
(P2001). Average levels of sodium ranged between 
136 and 148 mmol/l and those of potassium between 
6:00 and 8:4 mmol/l. 


Histopathological details 

After common bile duct ligation, the liver in group 2 
animals showed prominent portal tracts, bile channel 
proliferation, aggregation of monocytes and histocytes, 
focal areas of hepatic cell degeneration with round 
cell infiltration and marked engorgement of sinusoids 
containing cellular debris. Similar findings were 
Observed in group 3 and 4 animals, but, in addition, 
there was some evidence of regeneration of hepatic 
cells around necrotic areas, vacuolation of nuclei and 
collapse of reticular framework with condensation 
around portal tracts. 


Discussion 

A significantly higher operative mortality among 
jaundiced patients has been reported by Dawson 
(1965). The various factors contributing to the high 
mortality have been found to be directly proportional 
to the degree of hyperbilirubinaemia. Similar obser- 
vations have been made by other workers (Aird, 1953; 
Zollinger and Williams, 1956). 

Peritoneal dialysis is an established method of 
treatment for various clinical states (Grollman et al., 
1951: Miller and Finberg, 1960). Removal of sub- 
stances bound to protein has been shown to be 
accelerated during intermittent peritoneal dialysis 
(Ettledorf et al, 1960) Commenting upon the 
chemical properties of bilirubin, Martin (1949) has 
described its ability to form complexes with albumin. 
One molecule of albumin binds two molecules of 
bilirubin at pH 7-4, one of these being a loose bond. 
One gramme of albumin could bind 15 mg of bilirubin 
in vitro. These observations prompted us to carry out 
the present study. 

Experimental hyperbilirubinaemia was produced in 
rats; the levels of plasma bilirubin concentration had 
increased significantly by 7 days and were still rising 
12 days after ligature of the common bile duct (Table 
il). it has been observed by Prakash (1964) that in 
rats subjected to common bile duct ligation, plasma 
bilirubin levels start returning to normal-—due to 
recanalization—after 3 weeks. Therefore, a large 
segment of duct was excised and dialysis was timed 
for the second week, when the upward trend in 
bilirubin levels was still continuing. No recanalization 
was seen at autopsy on the twelfth day in any of the 
animals. A significant rise in serum GPT and histo- 
logical changes in the liver further simulated jaundice 
as seen in clinical practice. 

In the main experimental group dialysis was 
performed with buffer containing rat plasma obtained 
from normal animals. Heterologous proteins were 
not used to avoid immune reactions. The presence of 
rat plasma considerably reduced the levels of plasma 
bilirubin (Table III). The conjugated bilirubin also 
showed a significant reduction. Similar observations 
were made regarding serum GPT. Although the levels 
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of bilirubin and SGPT remained higher than normal 
at the end of the experiment, it is possible that 
continued dialysis might have helped in reducing 
these further. The same factor might well explain the 
unchanged histopathology. 

It is not possible to enumerate the mechanisms 
involved in the transfer of bilirubin across peritoneal 
membrane. Bilirubin which has formed a complex 
with plasma proteins, especially albumin, has been 
extracted in dialysate. It is unlikely that this change 
would have occurred due to an indirect effect of 
dialysis, through improving renal function. In such a 
case dialysis with buffer alone should have also 
brought about similar changes. Since the quantity of 
recovered dialysate was 75-80 per cent, the theoretical 
possibility of dilution of plasma levels with the use of 
serum is also unlikely. However, it should be 
mentioned here that as these estimations were made 
soon after intermittent dialysis in group 3 and 4 
animals, this may well be a temporary effect, sustained 
as long as dialysis was continued but not representing 
a ‘steady state’. 

So far it has not been possible to reduce raised 
bilirubin levels in obstructive jaundice except by 
surgical means (drainage, bypass or definitive 
procedure). The present study underlines the beneficial 
effects of peritoneal dialysis with plasma proteins 
in experimental hyperbilirubinaemia. The authors 
appreciate the dangers of drawing analogies from 
animal experiments and, therefore, would not like to 
comment upon any possible clinical implications of 
. such a study at this juncture. 
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An isotope clearance method for measurement of liver 


blood flow during portasystemic shunt in man 
D. P. LEIBERMAN, R. T. MATHIE, A. M. HARPER AND L. H. BLUMGART* 


SUMMARY 
The clearance from the surface of the liver of krypton 85 
as ing its injection into the portal vein was measured 
10 patients. Six control patients (i.e. those not 
A ing fram portal hypertension) averaged flow values 
of 142 ml per 100 g liver weight per min. A repeat flow 
estimation in these patients was not significant! y 

different. 

Four patients with portal hypertension were studied. 
In 2 with congenital hepatic fibrosis the portal vein was 
temporarily occluded to allow prediction of the degree 
of hepatic perfusion likely to be achieved by the hepatic 
artery alone after portal deviation. The flow after portal 
venous clamping was unaffected in one of these cases but 
reduced by 45 per cent in the other. In a patient under- 
going a Warren distal splenorenal shunt there was no 
change in flow after the procedure. 

If measurements are performed before and during 
temporary portal vein occlusion, an assessment of the 
flow reduction to be expected after a shunt procedure 
can be made. We suggest that a knowledge of liver 
tissue perfusion might influence the choice of operative 
procedure. 


ALTHOUGH portasystemic shunt is an effective treat- 
ment for variceal bleeding in portal hypertension, it is 
associated with an increased incidence of liver failure 
and encephalopathy after operation, especially when 
the shunt is performed for alcoholic cirrhosis (Read 
et al., 1961). One reason for this may be a decrease in 
liver blood flow owing to diversion of portal blood by 
the shunt (Warren et al., 1963). Past attempts to relate 
measured liver blood flow to the clinical results of 
shunt surgery have been disappointing (Burchell et al., 
1974; Smith, 1974). Recent work, however (Burchell 
et al, 1976), shows a correlation between increased 
arterial flow to the liver and the clinical outcome of a 
shunt, suggesting that appropriate flow measurements 
may be valuable. 

We describe here a method of measuring regional 
tissue blood flow in the liver at operation by recording 
the rate of clearance of the beta emissions of **Kr 
after injection of the isotope into the portal circulation. 


Patients and methods 

Liver blood flow was measured by an inert gas clearance 
technique using the radioactive gas Kr. The theory under- 
lving this method has been reviewed elsewhere (Harper et al., 
1970). In brief, when a solution of the gas is injected into the 
blood supply to an organ, it very rapidly diffuses throughout 
the whole tissue. When the injection is stopped, the rate at 
which the gas is cleared from the tissue is determined by the 
effective perfusion rate. 

Ten millicuries of *5Kr, dissolved in saline, were introduced 
into the liver through a catheter inserted centripetally into a 
mesenteric vein. The subsequent rate of clearance of the 
isotope from the liver surface was measured by means of an 
end-window Geiger-Müller tube ( Mini-monitor, Mini Instru- 
ments) held over the surface of the exposed liver. The Geiger- 
Müller tube was connected to a ratemeter and a direct-writing 
pen recorder. The clearance curve obtained was replotted on 


to semilogarithmic paper and the clearance half-time (74) was 
measured from the resultant monoexponential. The liver 
tissue blood flow (in ml 100 g tissue"! min^!) was calculated 
from the standard formula (xlog,?*x 100x 60)/7, where > 
is the liver : blood partition coefficient for "Kr (Mathie et al., 
1977; Rice et al., 1977) and 7, is the time in seconds for the 
radioactivity to decrease to half its initial value. Following a 
clearance run, replotting and flow calculation were performed 
immediately; therefore a value for liver tissue perfusion was 
available within 10 min of the clearance run. 

Liver tissue perfusion was measured in 6 control patients 
undergoing operation but not a shunt procedure and in 4 
patients undergoing surgery for portal hypertension. 

In the contro! patients flow was measured both before and 
after the operative procedure. In the patients with portal 
hypertension, flow was measured before and after the shunt 
procedure, except in one patient who had an end-to-side 
portacaval shunt. In the 2 patients who had a portacaval 
anastomosis, an additional measurement was made during 
temporary clamping of the portal vein following the injection 
of Kr. With the portal vein occluded, the measured liver 
perfusion was presumed to represent the flow supplied by the 
hepatic artery alone. 

Informed consent was obtained from each patient to carry 
out the study. Patients who were pregnant, lactating or under 
the age of 20 were excluded from the study. The total radiation 
dose to the lungs and trachea in each patient was less than 
l rad. 


Table I: RESULTS OF FLOW STUDIES IN CONTROL 
PATIENTS 


Flow | Flow 2 
Case Condition (ml 100 g^! min) (ml 160 g^! min”) 

i Bilary stricture 108 104 
2 Tumour pancreas 146 156 
3. Duodenal ulcer 158 143 
4 Gallstones 146 2415 
5  Galistones 131 126 
6  Duodenal ulcer 97 115 
Mean 131 153 

s.d. 23-9 62-9 


Results 

The results are shown in Tables I and JI. In the 6 
control patients (Table I) the liver tissue perfusion 
rate averaged 142 ml 100 g-! min-! and in 5 of the 6 
patients the flow showed little change after the 
operative procedure. Of the 4 patients with portal 
hypertension (Table IT), the initial tissue perfusion was 
low in 3 and above the values obtained in the control 
patients in 1. 

In one of the patients with congenital hepatic 
fibrosis, there was little change in flow on clamping 
the portal vein (Fig. 1) suggesting that the pre- 
operative portal flow had been minimal. In the other 
patient with hepatic fibrosis, the flow during portal 
vein occlusion was 55 per cent of the combined 
arterial and portal flow measured before portal 
occlusion. 

* University Department of Surgery, 
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Fig. 1. Clearance curve obtained during portal vein occlusion in Case 1 of the portal 
hypertension group. The T, is 64 s and the liver blood flow thus calculated to be 59 ml 
100 g^* min™ using a partition coefficient of 0-91 (Leiberman et al., 1978a). PV, Portal vein. 


Table lí: RESULTS OF FLOW STUDIES IN PATIENTS WITH PORTAL HYPERTENSION 


Blood flow (ml 100 g^* min!) 


Portal vein 
Case Condition Operation * Before shunt occluded After shunt 
1^ Congenital hepatic fibrosis Portacaval shunt (end/side) 63 59 
2 Congenital hepatic fibrosis Portacaval shunt (side/side) 230 126 135 
3 Cryptogenic cirrhosis Splenorenal shunt S4 76 
4 Alcoholic cirrhosis Warren distal splenorenal shunt 53 53 


The 4 portal hypertensive patients each had a 
different operation performed, and the effect of the 
shunt on the measured liver flow differed. The side-to- 
side shunt in Case 2 reduced the liver perfusion to the 
level seen during complete portal occlusion, but the 
splenorenal shunt in Case 3 apparently increased total 
liver flow. In the latter case, however, the peak hepatic 
activity was only 50-60 counts/s, which increased the 
statistical counting error to more than 10 per cent and 
so reduced the accuracy of the measured flow values. 
In all other patients, peak activity was greater than 
100 counts/s. Distal splenorenal (Warren) shunt did 
not change the effective liver perfusion in Case 4. 


Discussion 

The 5**Kr clearance technique has been widely used to 
estimate blood flow through various organs and tissues 
and, in this laboratory, has been applied to animal 
studies of hepatic perfusion (Rice et al., 1977). In the 
concentrations used, Kr is physiologically inert, its 
. entry into tissue depending only on diffusion. As it is 
almost completely excreted in one passage through 
the lungs, there is no effective arterial recirculation. 
We elected to measure only the beta emissions of the 
isotope because measurement of the longer range 
gamma emissions can give rise to clearance curves 
complicated by radiation from extrahepatic sources 
(Mackenzie et al., 1976). The beta emissions have a 
maximum range in tissue of just over 2 mm, but there 
is good evidence from autoradiographic studies to 
support the view that hepatic tissue perfusion is 
uniform throughout (Darle, 1970; Greenway and 
Oshiro, 1972). Experiments of our own have shown 
that *Kr clearance measurements of superficial hepatic 
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tissue blood flow correlate well with total liver blood 
flow measured with electromagnetic flowmetry, and 
therefore that the flow in the surface layers mirrors 
the deeper circulation in the normal liver (Leiberman 
et al, 1978a). There may of course be pathological 
states where this does not hold true, and these remain 
to be determined. We have also performed experiments 
to demonstrate that injections of isotope into the 
hepatic artery or portal vein result in similar flow 
readings, a finding which implies that arterial and 
portal blood mix completely in a common flow bed in 
the hepatic sinusoids (Leiberman et al., 1978b). 
Injection can thus be made into either the portal 
vein or the hepatic artery in the clinical situation and 
cdd route will allow assessment of total hepatic 
low. 

In addition, the technique has the great advantage 
that it measures perfusion at tissue level, and is there- 
fore not affected by the presence of arteriovenous 
shunts which may affect total flow measurements. 
Thus, the flow information obtained from *"*Kr 
clearance is more relevant than that derived from 
other methods. Furthermore, unlike electromagnetic 
flow probe measurements, the technique needs little 
more surgical exposure than that required for the 
planned operative procedure. A peripheral mesenteric 
vein cannulation is all that is necessary and only 
15-20 min is added to the total operation time. 

If the assumption is made that the liver weights of 
the control patients were within the normal range of 
1-2-1-5 kg, then the total hepatic blood flow in these 
patients ranged from 1-70 to 2-13 l/min. These figures 
are in keeping with blood flow values of 1-74 l/min 
measured by bromsulphalein clearance (Winkler et al., 
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1965) and 1-91 l/min determined by indocyanine green 
clearance (Strandell et al., 1973). 

The patients reported here underwent a variety of 
operative procedures, and the limited numbers in this 
series preclude a general statement about the effect of 
any particular procedure on hepatic flow. It is of 
interest, however, that the one distal splenorenal 
shunt performed did not reduce hepatic blood flow. 

By injecting the isotope into the portal circulation 
and clamping the portal vein at the peak of the 
clearance curve, *Kr clearance measurements of liver 
tissue perfusion can be made without portal venous 
flow. This makes it possible to assess the arterial 
contribution to the liver and to predict a value for 
post-shunt hepatic perfusion. Initial experiments in 
the dog indicate that this supposition is correct. The 
reactive increase in arterial flow caused by portal flow 
reduction could be due either to blood filling the 
sinusoids on account of the fall in portal venous 
pressure or flow, or to an active dilatation of the 
hepatic arterioles. Knowledge of pre-shunt and 
predicted post-shunt perfusion should allow a 
quantitative assessment of the flow reduction to be 
expected after shunt surgery. We hope in the future 
to be able to determine whether such measurements 
will correlate with the patient's prognosis and, more 
specifically, whether they should influence the choice 
of operation. 
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Non-operative treatment of retained bile duct calculi 


in patients with an indwelling T tube 
L. A. CHRISTIANSEN, O. V. NIELSEN AND F. EFSEN* 


SUMMARY 

The results of combined instrumental and chemical 
treatment of retained bile duct calculi in 18 patients 
with an indwelling T tube are reported. The instru- 
mental extraction of stones was carried out through 
the T tube channel using a modified Dormia apparatus. 
The chemical method involved continuous infusion 
through the T tube of heparin in saline alternating 
with sodium cholate. The treatment was successful in 
16 of 18 patients with from 1 to 14 residual stones. The 
instrumental extraction of stones is recommended as 
the treatment of choice 5-6 weeks after choledochotomy 
in patients with residual stones and an indwelling T 
tube. Subsequent chemical treatment is recommended 
if remnants of stones are left in the bile duct after 
instrumental treatment. 


Postoperative cholangiography through the T tube 
following common bile duct exploration reveals 
retained calculi in 4-12 per cent of patients (Lindskog, 
1970; Way et al., 1972; Glenn, 1974). Since 75 per 
cent of gallstones seen in the western world are 
chiefly composed of cholesterol (Lahana and 
Shoenfield, 1973), dissolution with ether and chloro- 
form, separately or in combination, has been 
attempted. Owing to ineffectiveness and complications 
this treatment has been abandoned. 

In the past most patients with overlooked bile duct 
calculi have undergone a further operation, involving 
increased morbidity and mortality (Larson et al., 1966; 
Lindskog, 1970). Spontaneous disappearance of small 
calculi does occur (Lindskog, 1970), and flushing with 
saline and lignocaine through the T tube, following 
injection of probanthine, has been reported to be 
successful in small series (Catt et al., 1974; Castleden, 
1976). Recently, new non-operative methods, both 
chemical and instrumental, have been reported 
(Classen and Ossenberg, 1977) The aim of this 
study is to present the results of combined chemical 
treatment and instrumental extraction in patients 
with retained bile duct calculi and an indwelling 
T tube. 


Patients and methods 

During a 2-year period (1 September 1975 to 31 August 1977) 
18 patients with an indwelling T tube were treated for retained 
bile duct calculi. Ten patients were female and 8 male, the age 
ranging from 27 to 83 years (median age 66-53). Before the 
actual treatment a choledocholithotomy had been performed 
in all patients (twice in 3 patients owing to residual stones). 
Most of the patients were transferred to our department from 
other clinics. Two of the patients suffered from severe cardio- 
vascular complicating diseases which contraindicated further 
surgical treatment. 


Chemical method 

A continuous infusion of 7:5 g sodium cholate alternating 
with 10 000 units of heparin dissolved in 500 ml of saline was 
administered through a small catheter inside the T tube, 
totalling 2000 ml every 24 h. A manometer ensured that the 
pressure did not exceed 30 cmH,O. 


The treatment was discontinued when the stones had 
disappeared or if the number and size of calculi had not 
diminished after 7-10 days. 


Instrumental method 

Stone extraction was carried out 4—6 weeks after the primary 
choledochotomy. A modified Dormia basket apparatus 
(manufactured by Medi-Tech, Watertown, Mass.) was used 
(Fig. 1). The catheters, 30 cm in length, are steerable in any 
direction. They are available in two diameters, no. 10 French 
and no. 13 French. 

Cholangiography was performed through the T tube to 
visualize the stone. The patient was sedated by diazepam, 
0-1 mg per kg bodyweight, and, after withdrawal of the T 
tube, the catheter was introduced into the common bile duct 
through the T tube channel during fluoroscopy. Contrast 
medium (Urografin 45 per cent) was injected through the 
catheter, the Dormia basket inserted through the catheter, 
the stone caught in the basket and the stone extracted together 
with the apparatus. If extraction of a small stone proved 
impossible, the stone was pushed into the duodenum. 

The catheter was introduced once more and cholangiography 
performed to ensure that no calculi remained. The apparatus 
was disassembled and the catheter left indwelling to allow 
cholangiography the following day. If no calculi were 
visualized the catheter was removed and the T tube channel 
closed spontaneously within 2-5 days. If small remnants of 
calculi were seen the chemical method was employed, but if 
larger stones were diagnosed, the instrumental method was 
repeated. 


Results 

During the first 12 months 7 patients with retained 
radiolucent calculi were initially treated by the 
chemical method. In 3 patients the stones disappeared 
(Fig. 2). Instrumental extraction was carried out in 
the remaining 4 patients and 3 were cured. The 
patients were hospitalized for 8-18 days (median 13). 

During the second 12 months the instrumental 
method was used as a first choice in 11 patients. Ten 
were cured, including 2 patients in whom small 
remnants of stones disappeared during subsequent 
chemical treatment for 2 days. The patients were 
hospitalized for 3-9 days (median 4). 

Thus, 15 patients (4 patients in the first year and 
11 in the second) were subjected to instrumental 
extraction. From 9 of these patients between 1 and 14 
stones were extracted (Fig. 3); in 4 patients the stones 
were pushed through the ampulla into the duodenum 
and in the 2 remaining patients the stones could not 
be removed, in 1 patient because the length of the 
T tube fistula exceeded the length of the catheter. In 
4 of the patients the stone extraction procedure was 
carried out twice. 

Hence, in a series of 18 consecutive patients 16 were 
cured following combined instrumental and chemical 
treatment (88-9 per cent, with 95 per cent confidence 
limits of 65-3-98-6). 
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Only minor complications were encountered. The 
day after stone extraction 2 patients had a slight 
fever, although they did not require antibiotic treat- 
ment. During chemical treatment the patients 


complained of nausea and diarrhoea, which were 
treated with cholestyramin. 

Following the successful treatment of 16 patients 
no biliary morbidity was recorded. Thirteen of these 
patients were assessed by intravenous cholangiography 
after 3 months and no strictures or residual stones had 
developed. 





Fig. 1. The stone extraction equipment. The catheter and the 
basket are steerable in any direction by the button K. 





a 


Discussion 

Dissolution of radiolucent bile duct stones with 
sodium cholate is in agreement with our current 
thinking about the pathogenesis of human gallstones 
(Scherstén et al., 1970), and with the results of in vitro 
experiments on the dissolution of cholesterol gall- 
stones in sodium cholate (Lahana et al. 1974). 
Furthermore, infusion of sodium cholate through the 
T tube has proved valuable in patients with retained 
radiolucent calculi (Way et al., 1972; Lansford et al., 
1974). 

Experimental and clinical observations have 
indicated that gallstones will dissolve in heparin 
(Gardner et al., 1975; Chary, 1977) or, to a greater 
extent, in a combination of sodium cholate and 
heparin (Lahana et al., 1974). Continuous infusion of 
sodium cholate alternating with heparin has been 
shown to be effective in 73 per cent of patients treated 
(Christiansen et al., 1977). 

In this series only 3 of 7 patients were cured by 
chemical treatment. The failures may be due to the 
fact that not all radiolucent stones are composed of 
cholesterol (Trotman et al., 1975) or that a thin shell 
of calcium compounds may be invisible on radio- 
graphs although the stones are composed, up to 
almost 100 per cent, of cholesterol. Finally, the 
failures may be explained by the technique employed, 
as the infusate did not contribute to a mechanical 
flushing, but escaped through the T tube. 

The instrument method used was introduced by 
Burhenne in 1973. In the present study 13 of 15 
patients were cured by this method. One failure may 
be attributed to our lack of experience, as it was the 
first patient treated, and the other failure was in a 
patient with a T tube fistula longer than the catheter. 
Therefore, we advocate that the T tube channel be 


Fig. 2. a, Retained common duct calculus. b, Repeated cholangiography after 7 days of chemical treatment shows 


that the stone has disappeared. 





Fig. 3. a, Several retained bile duct calculi. At subsequent 
cholangiography through the catheter no stones were 
visible (5). c, The 14 stones removed. 


made as short as possible whenever a choledochotomy 
is performed, and that a wide-lumen T tube (no. 12 
French or more) be used. 

Both methods are associated with minor complica- 
tions only, but the instrument method seems to be the 
more reliable, is independent of stone composition 
and it may even be carried out in an outpatient clinic 
(Burhenne, 1976). 
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It is concluded that both instrumental and chemical 
treatment are valuable alternatives to reoperation 
and should be attempted in all patients with retained 
bile duct calculi and an indwelling T tube. It is 
suggested that instrumental stone extraction, carried 
out 5-6 weeks after choledochotomy, should be the 
treatment of first choice, and, if remnants of stones 
are left in the bile ducts, should be succeeded by 
chemical treatment. 
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Corrigendum 
In the article ‘Assessment of suture materials for intestinal use by an extra- 


mucosal implant technique and a quantitative histological evaluation’ by C. J. 
Fontaine and H. A. F. Dudley (Br. J. Surg. 65, 288-290), in the discussion 
section ‘polyglycolic acid’ should read 'polyglactin'. 
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Clinical experience with silicone rubber grafts as 
shunts in portal hypertension 


D. C. PARR AND B. R. HOPKINSON* 


SUMMARY 

We report the use of a woven silicone rubber graft as 
an alternative prosthesis for a shunt in 8 patients with 
portal hypertension. Four patients were operated on 
as emergencies and 4 electively. In 4 cases the graft 
was used as a standard mesocaval H graft, in 2 as a 
portocaval H graft and in 2 cases it was used to simplify 
the Warren selective distal splenorenal shunt. The 
material has properties which make it a superior graft 
to existing prostheses and autogenous vein. Our results 
confirm the experience of others, that the poor risk 
patients do badly whatever form of shunt is performed, 
and of those who survive, the total portal shunt carries 
the risk of postoperative encephalopathy. 


THE use of an interposition H or ‘jump’ graft as a 
shunt in the surgical correction of portal hypertension 
is now recognized as a means of Overcoming some 
of the technical difficulties associated with this type 
of surgery. Furthermore, some advocates think that 
the method is associated with a lower incidence of 
encephalopathy than the standard techniques. Grafts 
of Teflon (Lord et al., 1971) and Dacron (Drapanas, 
1972; Smith et al., 1974) and autogenous vein (Nay 
and Fitzpatrick, 1976) have been described and used 
with success. However, both Teflon and Dacron grafts 
must be at least 19-22 mm in diameter to remain 
patent and Nay, who used autogenous external iliac 
vein, recommends that at least 8-9 cm of vein must 
first be dissected out. 

Because of these disadvantages we turned to a 
prosthesis made of woven silicone rubber, as described 
by Professor Ashton and his colleagues from Bir- 
mingham (Ashton et al., 1967). He reported its use 
as a venous prosthesis in dogs (Ashton et al., 1969), 
emphasizing its superiority over other existing artificial 
materials. We report here its use in the clinical situation 
as a portosystemic shunt in 8 patients with portal 
hypertension. 


Patients and methods 

There were 5 male and 3 female patients with an age range 
from 18 to 59 years (mean 42 years). Three patients had crypto- 
genic cirrhosis, 3 alcoholic cirrhosis, 1 chronic active hepatitis 
and 1 the Budd- Chiari syndrome (Table I). 


Investigations (Table II) 

The presence of varices and the source of bleeding were 
confirmed by endoscopy in all but one case in whom the 
diagnosis was made on barium swallow and meal examination, 
liver biopsy and portal venography. Barium studies were done 
on a total of 6 cases, the other 2 patients coming to surgery as 
emergencies before the examination could be carried out. Pre- 
operative splenoportal venography was successfully performed 
on 5 cases, failing for technical reasons in a further 2 and 1 
patient being too ill for it to be attempted. 

In all cases serum bilirubin and albumin and prothrombin 
time were estimated preoperatively so that, with assesment of 
the degree of mental impairment and the presence or absence 
of ascites, the patient could be graded as a good, moderate or 
poor risk according to a modification of Childs’ classification 
(Pugh et al., 1973) (Table III). 





Fig. 1. Woven silicone rubber graft. (Scale in centimetres.) 


The graft 

The prosthesis is a multilayer helix of medical grade silicone 
rubber which is profoundly inert in the tissues (Fig. 1). It is 
thirteen times as porous to water as the standard knitted 
Dacron prosthesis, and yet is only slightly more difficult to 
render impervious to blood. The consistency and feel of the 
prosthesis are very similar to those of normal vessels, and it 
can be cut at an angle without unravelling. Suturing is easy, 
the resistance to a needle being very similar to that of normal 
vessels, allowing greater delicacy than is possible with Dacron 
(a point of great importance when suturing to veins). The 
grafts have been shown to remain patent at venous blood flow 
rates with an internal diameter of only 8 mm (Ashton et al., 
1969). 


Operation 

This took the form of one of three procedures according to the 
circumstances. Four patients had a mesocaval shunt, 2 a porto- 
caval shunt and 2 a Warren selective distal splenorenal shunt 
( Table I). In each case the graft used was 1 cm in diameter, the 
length varying from 1 to 5 cm according to the gap to be 
bridged. It was sutured with a continuous 6/0 Prolene suture. 
Of the 4 mesocaval grafts, the first was inserted in a patient 
who thrombosed a standard portocaval shunt which had been 
constructed 2 weeks previously. The others were inserted in 
3 patients lacking a venogram to demonstrate a patent splenic 
or portal vein. The graft was inserted between the superior 
mesenteric vein and the inferior vena cava, as described by 
Drapanas (1972). Two patients with patent portal veins on 
venography had a graft inserted between the portal vein and 
the inferior vena cava to reduce the time and extent of dissec- 
tion required to mobilize a sufficient length of portal vein. Two 
patients in the younger age group with patent splenic and 
portal veins on venography had a selective distal splenorenal 
shunt, the splenic vein being approached by mobilizing the 
lower border of the pancreas. Just sufficient splenic vein was 
mobilized by ligating and dividing the numerous tributaries to 
allow division, closure of the portal end and anastomosis of the 
graft to its splenic end. The other end of the graft was then 
sutured to the side of the left renal vein. The operation was 
completed by division of the collateral vessels on the greater 
and lesser curvature of the stomach, as described by Warren 
et al. (1974). 
en 
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Table I: DETAILS OF THE SILICONE RUBBER PORTAL SHUNTS 


Case 
no Age Sex Diagnosis Grade 
1 59 M Cryptogenic cirrhosis B 
2 52 F Cryptogenic cirrhosis B 
3 54 M Alcoholic cirrhosis C 
4 18 M Chronic active hepatitis A 
5 32 F Cryptogenic cirrhosis A 
6 18 F Budd-Chiari syndrome C 
7 53 M Alcoholic cirrhosis B 
8 S3 M Alcoholic cirrhosis e 


Table H: CLINICAL AND BIOCHEMICAL DATA 


Oesophago- 
gastroscopy 


Case Barium 
no. swallow 


Splenic 
venogram 


Grade I 
Grade | 
se “i — Grade 4 
None 
None 
T Grade 2 
— None 
-— None 


OO CN UA de v b ee 





Table IH: METHOD OF GRADING OF PATIENTS 
ACCORDING TO SEVERITY OF LIVER DISEASE 
ASSESSED BOTH CLINICALLY AND ON 
LABORATORY TESTS 

Points scored for increasing 


Clinical/laboratory abnormality 

measurement I 2 3 
Encephalopathy None Grades Grades 

i and 2 3and4 

Ascites Absent Slight Moderate 
Bilirubin umol/l 17-34 234-51 > $1 
Albumin g/l 35 29-34 28 
Prothrombin time 1-4 4-6 6 


(s) prolonged 


Grade A, 5-6 points; grade B, 7-9 points; grade C, 
10 points and over. 
Adapted from Pugh et al. (1973). 


In all the patients we also doubly ligated the splenic artery 
in continuity with a non-absorbable ligature to reduce the 
arterial input to the area drained by the varices. 


Results 

There were 2 patients in grade A (good risk) and 
both are alive and well 21 years postoperatively, 
There were 3 grade B (moderate risk) and 3 grade C 
(poor risk) patients (Table 1). Two of the grade C 
patients died in the immediate postoperative period, 
one in hepatic coma and the other, who proved to 
have a Budd-Chiari syndrome, went into hepatic 
coma and died from a massive haemorrhage from 
a large duodenal ulcer 2 weeks later. In the former 
case the graft was patent at post-mortem examination, 
but in the latter the graft was thrombosed together 
with the portal vein and all its tributaries. Both of 
these patients were operated on as emergencies within 
48 h of bleeding. There was ! death in the grade B 
group, an elective case who died in hepatic coma 6 
weeks postoperatively, post-mortem confirming a 
patent shunt. The remaining 2 grade B patients are 


Encephalopathy 


Presentation Shunt Result 
Emergency Mesocaval Alive 3 yr 
Elective Portocaval Died 6 wk (shunt 
patent) 
Emergency Mesocaval Died 3 d (shunt 
patent) 
Elective Portocaval Alive 3 vr 
Elective Distal splenorenal Alive 24 yr 
Emergency Distal splenorenal Died 2 wk (shunt 
thrombosed) 
Elective Mesocaval Alive 24 yr 
Emergency Mesocaval Alive 2 yr 
Prothrombin 
Bilirubin Albumin time 
Ascites (GAmol/l) (g/l) prolonged (s) Grade 
Slight 39 23 4 B 
Absent 17 31 4 B 
Moderate 27 26 3 C 
Absent 14 37 3 A 
Absent 3 35 2 A 
Slight 150 41 13 C 
Slight 10 33 1 B 
Slight 65 27 4 C 


alive and well with neither ascites nor encephalo- 
pathy, maintaining a normal haemoglobin and back 
at work. This includes the 59-year-old patient who 
underwent two shunts in 2 weeks. The third grade C 
patient remains reasonably well with neither ascites 
nor encephalopathy, but barium swallow and oeso- 
phagoscopy show recurrent varices. We have not 
performed direct venography or late-phase arterio- 
graphy to confirm shunt patency, but all patients have 
been followed up with serial haemoglobin estimations 
and some have had a barium swallow examination. 


Discussion 

Although the principle of using a mesentericocaval 
‘jump’ graft as a shunt in portal hypertension has been 
supported by the results of several recent series (Lord 
et al., 1971; Drapanas, 1972; Smith et al., 1974; Nay 
and Fitzpatrick, 1976), there is no agreement on the 
choice of prosthesis. None of those reported so far 
is ideal, and although our series is too small for us 
to draw firm conclusions, our experience with the 
woven silicone rubber prosthesis is encouraging. 
Dacron may be readily available, but in order to 
avoid subsequent thrombosis the diameter of the 
graft must be larger than that of the superior mesen- 
teric vein. In our series one graft in one of the grade 
C cases has thrombosed, being part of a general 
thrombosis of the portal vein and all its major tribu- 
taries, including the splenic vein. This patient came 
to operation as an emergency with a diagnosis based 
on needle biopsy of the liver of cirrhosis secondary 
to chronic active hepatitis, for which she was being 
treated with steroids. Post-mortem examination 
showed that she had the Budd—Chiari syndrome, 
which is often associated with thrombosis of the 
whole portal system. Two other patients have died, 
in both of whom the graft was patent at post- 
mortem examination. One of these developed encepha- 
lopathy—a common complication of total porta- 
systemic shunts—and died in hepatic coma 6 weeks 


postoperatively. The Warren selective distal spleno- 
renal shunt (Warren, 1974), designed to avoid this 
complication, is technically more difficult than any 
of the standard operations, requiring mobilization 
of a considerable length of the splenic vein from 
beneath the pancreas in order to anastomose it to 
the left renal vein, despite which the gap can be too 
great to bridge, as was the case in 1 of the 2 patients 
in our series. We think there is a place for an inter- 
position graft in this situation, and believe this to be 
the first time this modification has been reported. 
We used it in 2 patients, chosen because they were 
in the younger age group, with some evidence of 
hepatic insufficiency, and in the hope that it would 
offer them a better prognosis. Although one later 
proved to have the Budd- Chiari syndrome, the other, 
a grade A case, has done well and shows no evidence 
of ascites or encephalopathy. In the preoperative 
investigation of the patients selected for this shunt 
a splenic venogram was obtained but we did not feel 
that a renal venogram, as advocated by Warren, was 
necessary, the pyelogram phase of the contrast 
examination being sufficient to demonstrate both the 
proximity of the renal hilum and the function of the 
left kidney. 

Five patients are alive, one of whom has had a 
further bleed and has developed recurrent varices. 
We have not submitted any of these patients to veno- 
graphy or late-phase arteriography to prove patency 
of the shunt since we felt that this was mainly of 
academic interest and, as an invasive procedure, is 
not without hazard. The remaining 4 patients, how- 
ever, are well, without evidence of recurrent varices 
or ascites and are maintaining a steady haemoglobin 
level. 
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The ligation in continuity of the splenic artery was 
an additional manoeuvre, quite unconnected with 
the use of this new prosthesis, and was done in order 
to reduce the input to the variceal sector of the portal 
system. It has the added advantage of reducing bleed- 
ing from the spleen following splenoportography. 1t 
has not led to any complications, and in the patients 
who have come to post-mortem examination the 
spleen shows only small areas of infarction. 

The silicone rubber graft has properties which make 
it superior to existing prosthetic materials. Our initial 
experience is encouraging and a more extended trial 
appears to be justified. 
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Technical aspects of injection sclerotherapy 
of acute oesophageal variceal haemorrhage 


as seen by radiography 


MAGED SAMI BARSOUM, NABIL YOUSSEF KHATTAR AND 


MOUNIR AZMY RISK-ALLAH* 


SUMMARY 

Certain aspects of the technique of injection sclero- 
therapy are illustrated in a series of 15 patients 
presenting with acute oesophageal variceal haemorrhage 
due to bilharzial hepatic fibrosis. The results of this 


form of treatment are shown. The actual process of 


variceal injection was done under visual fluoroscopic 
control, using a mixture of 76 per cent Urografin and 
5 per cent ethanolamine oleate. The findings showed 
that : (a) the sclerosant did not reach the gastric varices 
which could be a possible source of re-bleeding; (b) 
intravariceally injected material rapidly escaped from 
the submucosal varices, where it should stay, to the 
peri-oesophageal veins; (c) sclerosant remaining on the 
variceal walls was minimal by the time the Sengestaken 
tube was inflated. 


SCLEROTHERAPY for bilharzial ‘cirrhotic’ patients with 
acute oesophageal variceal haemorrhage who are 
unsuitable for shunt surgery was started at the Kasr 
El-Aini School of Medicine, Cairo, 10 months ago. 
The early results of a small series of patients are 
presented, showing the immediate outcome of this 
form of therapy. In addition, certain points relating 
to the technique of injection were shown by radio- 
graphy. 


Methods 

Bilharzial ‘cirrhotic’ patients presenting with acute variceal 
haemorrhage, proved by endoscopy, were resuscitated with 
initial control of bleeding by Sengestaken tube. Adjuvant 
conventional methods to reduce the risk of portal systemic 
encephalopathy were followed (Johnston and Rodgers, 1973: 
Johnston and Kelly, 1976). The timing of sclerotherapy was 
either urgent or non-urgent. Urgent injection of varices was 
done after an initial 24-h period of tamponade to clear the field 





Fig. 1. Radiograph showing intravariceal injection of dye. 





for the injection procedure. Non-urgent injection was done 
within 2 weeks of initial control of bleeding by tamponade in 
patients in whom investigations ruled out a shunt operation. 

Injection therapy was done under general anaesthesia, but 
local anaesthesia was adopted in poor risk patients using 
benzocaine spray for the throat and a small dose of intra- 
venous diazepam. The sclerosant used was 5 per cent ethano- 
lamine oleate; 5-10 ml were injected into each varix through a 
Macbeth needle using a Negus rigid oesophagoscope (Johnston 
and Rodgers, 1973; Johnson, 1977; Johnston, 1977). A 
Sengstaken tube was inserted following the injection to 
produce tamponade for 48 h. 

A pilot study was done to follow the process of variceal 
injection by radiography. A mixture of 5 ml of 76 per cent 





Fig. 2. Radiograph showing partial extravasation of dye 
outside the varix. 
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Fig. 3. Radiograph showing that dye cannot pass downwards 
across the cardia when a wide oesophagoscope is in position. 
* Departments of Surgery and Radiology, Kasr El-Aini School 
of Medicine, Cairo University, Egypt. 
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Table 1: DETAILS OF 15 PATIENTS TREATED BY INJECTION OF OESOPHAGEAL VARICES 





Child's Timing of 
Case Sex Age grade surgery * 
! M 16 B Non-urgent 
2 M 40 B Non-urgent 
3 M i4 B Urgent 
4 M 55 B Non-urgent 
5 M 40 B Urgent 
6 M 45 B Non-urgent 
7 F 30 C Non-urgent 
8 M 47 C Non-urgent 
9 M 55 C Urgent 
iQ M 33 C Non-urgent 
ii F 50 C Non-urgent 
12 F 22 C Urgent 
13 M 3 $ Urgent 
14 M 25 C Urgent 
E5 F 45 C Urgent 
* See text. 


Urografin and 5 mi of 5 per cent ethanolamine oleate was 
injected into each varix under fluoroscopic control. Spot films 
were taken in succession. The distribution and direction of flow 
of injected materíal were noted. Further X-rays were taken 
after inflation of the Sengstaken tube, and repeat films were 
done 2 days later to detect the rate of clearance of the injected 
sclerosant and to assess any remaining dye in the oesophageal 
walls. 


Results 

Fifteen patients were treated by injection sclero- 
therapy (Table I). Urgent injection was done in 7 
patients: 2 Child's grade B and 5 grade C. Non-urgent 
injection was done in 8 patients: 4 grade B and 4 
grade C. Two patients died from causes other than 
recurrence of bleeding; one patient died 3 days after 
injection due to hepatorenal failure, and the second 
patient died 1 month after injection following trans- 
hepatic selective catheterization of the left gastric 
coronary vein for injection of sclerosant. 

No recurrence of bleeding occurred within the 
short period of follow-up which varied from 1 to 
10 months. 

Endoscopy was done 1 week after injection and 
showed that, although the variceal columns were still 
apparent, they were not engorged on straining, as has 
been noticed before injection. Radiography in 6 
patients during variceal injection showed the injected 
dye to be strictly intravariceal in 3 patients (Fig. 1), 
with some of the dye extravasated in the submucosa 
of the oesophagus in 3 patients (Fig. 2). 

Intravariceally injected material was shown to pass 
freely into the peri-oesophageal veins upwards to the 
vena azygos (Fig. 1). No downward flow of dye 
across the cardia could be demonstrated even when 
using a wide rigid oesophagoscope compressing the 
upper segment of the injected varix (Fig. 3). 

The average time between the end of variceal 
injection and the inflation of the Sengestaken tube 
was 5 min. X-rays at this stage showed that most of 
the dye had been washed out, leaving a trace delineat- 
ing the walls of the varices. 

Submucous extravenous injection was seen as 
blotches at the site of varices. That this is not dangerous 
is concluded from the fact that no complications 
occurred and repeat X-rays 2 days later revealed 
complete disappearance of dye from the oesophageal 
walls. 


Follow-up 
period (mth) Complications 
10 — 
9 T 
8 Sloughing of ala nasi from Sengstaken tube 
5 c 
5 ns 
1 ae 
9 Ec 
5 dex 
5 m 
5 ad: 
4 n: 
1 e 
i e 
— Died from hepatorenal failure 
1 Died following transhepatic selective 
catheterization of gastric coronary vein for 
injection of sclerosant 
Discussion 


The present series is small and the follow-up period is 
short. Although no comments can therefore be made 
on our long term results of variceal injection, it has 
proved effective for the immediate control of bleeding 
in critical poor risk patients who would otherwise have 
died from continued haemorrhage. Radiographic views 
of the process of injection show that a wide rigid 
oesophagoscope is preferable to a narrower one 
because it keeps all the injected sclerosant in contact 
with the variceal walls during the procedure. In 
contrast, a narrow oesophagoscope allows the 
sclerosant to escape rapidly into the peri-oesophageal 
vessels. 

Gastric varices cannot be obliterated by this method 
of injection because even with a wide oesophagoscope 
inside the oesophagus the sclerosant cannot pass 
across the cardia to fill gastric varices. 

Radiography clearly showed that this method of 
intravariceal injection. compares with the full-vein 
technique for the injection of lower limb varicose 
veins, and that similarly a thrombus will be the end 
result (Johnston, 1977), rather than consolidation 
fibrosis of varices if the dye is injected into empty 
veins with simultaneous application of compression. 
Radiography also revealed that injected sclerosant 
often totally or partially escapes from varices. This 
extravasation is harmless because it disappears 
within 2 days without complications. Extravasation 
may in fact be desirable by causing perivenous fibrosis 
which compresses the varices leading to their 
shrinkage. 
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Aneurysms of the extracranial carotid arteries 
L. CARRASCAL, A. MASHIAH AND D. CHARLESWORTH* 


SUMMARY 

Aneurysms of the extracranial carotid arteries are 
unusual; they present difficulties in diagnosis and may 
cause death or cerebrovascular accidents in a majority 


of patients. This report describes three different types of 


aneurysm of the carotid arteries and their presentation 
and discusses their management. 


NUMEROUS reports of large series of aneurysms of the 
abdominal aorta and the popliteal and femoral 
arteries attest to the frequency with which these 
aneurysms occur. Aneurysms of the carotid arteries, 
however, are uncommon; Eastcott (1973) describes 6 
aneurysms of the extracranial carotid arteries in a 
personal series, but most textbooks of vascular surgery 
do not contain references to them. The paucity of 
literature on the subject bears witness to the rarity of 
the condition (Reid, 1926; Shipley et al, 1937; 
Thompson and Austin, 1957; Hardin, 1961; 1973; 
Beall et al., 1962; Raphael et al., 1963; Kaupp et al., 
1972; Rittenhouse et al., 1972; Sanandos et al., 1973). 

Over a period of 10 years (1967-77) we have seen 
over 300 patients with aneurysms of major arteries, 
predominantly the abdominal aorta, whilst in the 
same period we have treated only 3 patients with an 
aneurysm of the extracranial carotid artery. Each of 
these patients had a different type of aneurysm, the 
features of which are of interest to all surgeons who 
perform operations in the neck. 


Case reports 

Case 1: A man, aged 74 years, complained of a painful 
swelling in his neck which appeared suddenly 6 weeks before 
he was referred to hospital. Pain, which was continuous, was 
felt over the lump and radiated to the ear. There were no 
cerebral symptoms and there was no history of injury. In the 
anterior triangle of the neck, on the left side, there was a firm 
swelling approximately 6-8 cm in diameter (Fig. 1). The lower 
margin was well defined and pulsation was felt easily over it. 
A continuous bruit could be heard on auscultation over the 
swelling. 

On the day of admission the swelling expanded rapidly with 
considerable increase in pain. At operation a large false 
aneurysm, 10cm in diameter, was found surrounding the 
upper half of the common carotid artery. 1t communicated 
with the common carotid artery through a hole approximately 
I cm in diameter. 

The aneurysm and the damaged portion of the left common 
carotid artery were removed and the artery rejoined end to end. 
Neither a shunt nor hypothermia was used and the carotid 
artery was clamped for a period of 10 min. The patient made 
an excellent recovery and there were no neurological sequelae. 


Case 2: A female, aged 67 vears, presented with a pulsatile 
swelling in the anterior triangle of the neck. She did not 
complain of pain and denied any history of trauma or pyrexial 
illness. On direct questioning she admitted to having 'dizzy 
does' associated with transient disturbances of vision in the 
ipsilateral eye. In the angle between the anterior border of the 
sternomastoid and the lower border of the mandible there was 
a well-defined spherical lump, 3 cm in diameter. An angiogram 
(Fig. 2) showed a well-defined aneurysm of the internal 
carotid artery. 

At operation the mean pressure in the internal carotid 
artery (when the common and external arteries were occluded) 


exceeded 50 mmHg. The aneurysm and lower 3cm of the 
internal carotid artery were resected and replaced by a vein 
graft joined end to end to the internal carotid artery and end to 
side to the bifurcation of the common carotid artery. 

The aneurysm was saccular and communicated with the 

lumen of the internal carotid artery through a small opening 
2 mm in diameter. Histological examination of the aneurysm 
showed no acute inflammation. Cultures of the wall of the 
aneurysm and the peripheral blood remained sterile. The 
patient made an uneventful recovery and remains well. 
Case 3: À male, aged 68 years, presented with a short history 
of recurrent transient ischaemic attacks, paraesthesia in his right 
arm and leg, transient losses of consciousness and speech 
defects. He had had four attacks in 6 weeks, the last being 4 
weeks before admisssion. 

He had generalized arteriosclerosis with symptoms of 
angina and intermittent claudication in addition to his cerebral 
symptoms. There was an obvious swelling and prominent 
pulsation in the left side of the neck but no bruit. An arch 
aortogram showed the extracranial arteries to be slightly 
dilated and very irregular but there was no obvious aneurysm 
or stenosis in the carotid arteries. 

The carotid bifurcation was explored under general anaes- 
thesia and a large fusiform aneurysm of the origin of the 
internal carotid artery was found. It was 4 cm in diameter 
(Fig. 3) and was filled with organized clot, except for a small 
channel through the centre. The clot was removed and an 
endarterectomy carried out. An elliptical section of the wall 
was removed and the vessel rejoined with a single continuous 
suture in such a way that the lumen was reduced to approxi- 
mately normal calibre. 

The patient remains well, and has had no further transient 
ischaemic attacks. 


Discussion 

All three patients show interesting and unusual 
features, in particular Case 2, because there are less 
than 30 similar cases in the literature (Paul et al., 
1968; Sanandos et al., 1973). 

If a pulsatile swelling occurs in the region of the 
lower part of the sternomastoid muscle on the right 
side of the neck the usual cause is a ‘kinked carotid 
artery’ (Eastcott, 1973). This is said to be seen on 
about 1:6 per cent of all angiograms of the carotid 
arteries (Metz et al., 1961). By comparison, the 
incidence of aneurysms is only about 8 in every 5000 
angiograms (Houser and Baker, 1968). As part of a 
previous study we examined 114 carotid angiograms, 
obtained from patients investigated for cerebral 
symptoms, and found that 80 per cent of those in the 
age group 60-80 years showed evidence of arterio- 
sclerosis and over half of these had kinks or loops in 
the extracranial carotid arteries (Bradley, 1975). The 
vast majority of aneurysms of the extracranial 
carotid arteries are fusiform and occur at the birfurca- 
tion of the common carotid, as in Case 3. However, 
one frequently sees fusiform dilatation of the carotid 
bifurcation when performing carotid endarterectomy 
and the question arises as to when is it an aneurysm 
and when is it ‘aneurysmal’? Fusiform aneurysms 
are seldom if ever described by expressing their 
maximum circumference as a ratio to that of the 
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Fig. 1. Case 1. Showing the position and size of the 
swelling in the left side of his neck. 
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Fig. 3. Case 3. A line drawing to illustrate the appearance 
and dimensions of the internal carotid artery. 


proximal undilated artery. Such a system would 
allow the dimensions of an aneurysm to be defined 
precisely and make the distinction between an 
aneurysm and aneurysmal dilatation quantitative 
rather than qualitative. 

If fusiform aneurysms of the bifurcation are 
excluded, aneurysms of the extracranial carotid 
arteries are rare. There are only 3 reports of emergency 
operations for rapidly expanding aneurysms similar to 
that in our Case 1 (Shea et al., 1955). There was no 
history of trauma in this particular patient who 
seemed to have a spontaneous rupture of an arterio- 
sclerotic vessel. 

Saccular aneurysms of the internal carotid are also 
unusual; over one-half are associated with bacterial 
endocarditis or septicaemia (Chamberlain, 1943). We 
were unable to demonstrate any evidence of local or 
systemic sepsis in our patient. 

All 3 of our patients presented with a palpable, 
pulsatile mass in the neck, which is usual. One had 
pain and 2 had cerebral symptoms. Many patients 
with aneurysms of the carotid arteries complain of 
local pain; it was a feature of the patient described by 
Sir Astley Cooper in 1836. Two of our patients 
had cerebral symptoms and none had symptoms 
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Fig. 2. Case 2. A subtraction film of the arch 
angiogram. An aneurysm can be seen at the 
origin of the right internal carotid artery. 


attributable to pressure on the surrounding structures 
in the neck. The incidence of permanent damage to 
the hypoglossal and recurrent laryngeal nerves is low 
and it seems likely that damage is, for the most part, 
a complication of operation. 

Not all patients with extracranial aneurysms present 
with transient ischaemic attacks. The incidence of 
this complication is difficult to determine since most 
reports are of only one or two cases, but the incidence 
is as high as 50 per cent in some series (Alexander et 
al., 1966; Margolis et al., 1972). One seldom sees 
organized clot within aneurysmal dilatations of the 
internal carotid artery. It was an unusual feature in 
Case 3, and correlates with the occurrence of transient 
ischaemic attacks in that patient. 

All 3 patients did well after operation. Surgery 
must be considered to be the treatment of choice 
because there is a high mortality (70 per cent) and a 
high incidence of permanent neurological sequelae 
when patients are treated expectantly (Shipley et al., 
1937: Boddie, 1972). 

During the period when the carotid artery is 
clamped, the cerebral circulation can be protected by 
a variety of methods—cooling, hypercarbia, heparin, 
or by an internal shunt (Hershey, 1974). Provided that 
the other vessels, the opposite carotid and vertebrals, 
are patent and the operation is not prolonged, none of 
these methods is absolutely necessary. All 3 of our 
patients did well without any particular precautions 
being taken to protect the cerebral circulation. 
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Book reviews 


Farquharson's Textbook of Operative Surgery 

Edited R. F. Rintoul. Sixth edition. 233 x 255 mm. Pp. 963 +- viii, 
with 1084 illustrations. 1977. Edinburgh: Churchill Livingstone. 
£20-00. 

Ir is an achievement and an indication of success that this book 
has now reached a sixth edition. For many years it has been a 
standard book for Final Fellowship students and registrars, 
as it covers a wide field of operative surgery yet is still con- 
tained in one volume which has not increased in size. It may be 
for this reason that the new editor, who was closely associated 
with the original one, appears to have retained so much of the 
character of the previous editions, despite changes to modern 
print and production methods. This is particularly noted in 
the use of Roman numerals in chapter headings and in 
references. If economic reasons exist for keeping the rather 
old-fashioned format, it would help to delete the few remaining 
colour illustrations and avoid the duplication of sump 
drainage in Figs. 551 and 963. 

Surgical priorities, like fashions, change, but an emphasis on 
outmoded procedures has been retained and modern methods 
have not always been included. The use of a plastic tube in 
bile duct drainage is dangerous, as may well be carbachol in 
postoperative urinary retention, particularly in older men. 
Self-retaining rubber catheters have been replaced by plastic 
tubes in draining the pleural cavity and a pseudopancreatic 
cyst is preferably treated by internal drainage. Detailed 
description. of the clamp and cautery method of treating 
internal haemorrhoids is unnecessary in a modern text, yet 
Lord's operation, cryosurgery and rubber band ligation are 
not mentioned, It is questionable whether transvesical prosta- 
tectomy is the method most widely employed at the present 
time, and few surgeons would advocate shoulder rests with 
their inherent dangers when non-slip mattresses are available. 

It is, however, an excellent guide and reference and a worth- 
while contribution. It has been well written, reads easily and 
contains the necessary information required by the younger 
surgeon. 

DAVID A. MACFARLANE 


Textbook of Surgery 

Edited David A. MacFarlane and Lewis P. Thomas. Fourth 
edition. 215 x: 138 mm. Pp. 787 4- xi. Hlustrated. 1977. Edinburgh: 
Churchill Livingstone. £8:50. 


THE first edition of this book to appear in a soft cover reflects 
the need to keep textbooks of this kind at a reasonable price. 
This fourth edition of this popular book introduces advances 
in diagnostic techniques. Although ten authors contribute, the 
editorial policy of aiming at readability obviates most of the 
objections to multi-author texts. The illustrations, line and 
shade drawings (perhaps too few), are excellent. Indeed, the 
only criticisms of this book are those of how much or how 
little on a particular topic should be included. The large section 
devoted to orthopaedics is a reflection of its importance to 
general surgeons dealing with multiple trauma as well as its 
significance in respect of examinations. 

The section on stomach and duodenum is admirable, 
perhaps because surgeons bave maintained a deep interest in 
gastric physiology and pathology. Less satisfactory is the 
section on inflammatory bowel disease, where the student will 
expect much more information. No text, however, will 
completely satisfy every reviewer, and as a book that is easy to 
read and has most of the key facts, this provides the student 
with all the pegs he needs to hang his hat on. 

C. G. CLARK 
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Vascular Surgery 
Edited R. B. Rutherford. 260 x 185 mm. Pp. 1401 4- xxxtiii. 
Hlustrated. 1977. Philadelphia: Saunders. £40-00. 


Ir the growth of a specialty can be measured by the size of the 
books written about it, then this latest one on the surgical 
aspects of vascular disease is indeed a tribute to what has been 
happening since the 1950s. No fewer than 94 contributors have 
been brought together to produce this weighty, exhaustive 
review. Opening with some tough but really important physics 
by D. Sumner, and a good account of non-invasive study 
methods in general, the general chapters also include helpful 
material on angiography, drugs and vascular repair, not for- 
getting microsurgery. The main, clinical part of the book omits 
nothing. Whatever the subject of inquiry, an answer will be 
found, though perhaps only a position statement in areas that 
are still developing. In the chapters on well-established matters 
such as embolism (Fogarty and Buch), Buerger’s disease 
(Juergens), abdominal aneurysms (Rutherford) and extra- 
cranial cerebrovascular disease (Moore), the authority of the 
writing merits the confidence of readers of all degrees of 
experience. Differing methods and viewpoints are usefully 
brought together-—Lofgren on varicose vein ligation and 
Hobbs on injection sclerotherapy, for example. There are 
surprises too, such as the clear, short chapter on vascular 
damage from drug abuse (Wright, Gellhoed and Hobson) and 
the one on autotransfusion (Heimbecker and Wall)—a timely 
inclusion now that blood bank difficulties can cause operative 
delays and worse. The index is helpful, the references fairly and 
wisely chosen and the standard of illustrations excellent. 

H. H. G. EASTCOTT 


Recent Advances in Intensive Therapy 
Edited I. McA, Ledingham. 235x 155 mm. Pp. 257 -- xi. Hlus- 
trated. 1977. Edinburgh: Churchill Livingstone. £11-00 


AFTER reading this volume I wondered momentarily whether 
we are witnessing the re-emergence of general medicine as a 
specialty under the new title of intensive therapy or, as our 
American colleagues prefer to call it, critical care medicine. 
However, this thought was soon dismissed, for no individual 
can be an expert in all the problems discussed in this book, the 
first in the ‘Recent Advances’ series devoted to intensive 
therapy. 

The 18 chapters cover topics as diverse as paraquat poisoning, 
hepatic failure, gastrointestinal haemorrhage and acute 
pancreatitis. The standard of the individual contributions is 
high and the junior clinician and intensive care nurse will find 
that the volume will adequately meet their requirements for 
an overview of current thought on the management of the 
various acute problems. 

The specialist in any particular field will, however, have to 
look elsewhere for an adequate description of advances in his 
area of interest. Thus, whilst I found the chapters on the 
subjects I never treat provided me with an excellent review on 
the current state of the art, the chapters on the topics where I 
have some knowledge, for instance gastrointestinal bleeding, 
were neither particularly comprehensive nor up-to-date. The 
book is in my opinion at its best when discussing topics that are 
generally agreed to be the province of intensive care, for 
example, transport of the acutely ill and intra-aortic balloon 
pumping. Future editions should concentrate more upon 
advances in the management of the many problems that arise 
in the ICU and less on acute surgical and medical conditions 
that rarely see the inside of such units unless they develop 
complications. 

MILES IRVING 
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Clinical Lymphography 
Edited Melvin E. Clouse. 265 x 195 mm. Pp. 326-- xv. 
lilustrated. Baltimore: Williams & Wilkins. $35.00, £24-50. 


(Tuis book was published on the 350th anniversary of Gaspar 
Aselli's description of the lymphatics in De Lactibus in 1627. 
it is a most splendid and valuable addition to the increasing 
number of works on the radiology of the lymph system. There 
can be no end to the number of these that may be needed. The 
variations in normal and in pathological anatomy of the lymph 
svstem are so many that reference is constantly needed in 
clinical practice to decide which some particular film may 
display. No clinical department dealing with malignant disease 
and no radiological department should be without such works 
of reference, and particularly this one. The book is a compi- 
lation by several authors, chiefly from the Harvard Medical 
School, and the product shines even in such illustrious 
surroundings. Hf there is a breath of criticism it is that more 
clinical and technical details of some of the radiographs might 
have been given. For example, by what variation of technique 
were ‘normal’ axillary lymphatics filled from the inguinal 
region as in figure 9.9? 

The best diagnosis and hence treatment comes from a 
thorough study of all clinical aspects— history, physical signs 
and special investigations. This book will be a most valuable 
aid. The price of £24-50 for a work containing so many 
excellent plates on fine paper is amazingly low. 

J. B. KINMONTH 


Connective Tissue Diseases 
R. V. Hughes. 235 x 155 mm. Pp. 266. Illustrated. 1977. Oxford: 
Blackwell Scientific. £9-00. 


Tsis is a beautifully produced and most readable book for any 
surgeon wishing to refresh his knowledge about a group of 
diseases that he encounters as a diagnostic problem only 
rarely. The emphasis on diagnosis is of practical help but the 
theories of aetiology are no less fascinating and liberal and 
recent references add to the value of the text. 

The style is lucid and the illustrations selective and infor- 
mative. Though perhaps of limited interest to the orthopaedic 
surgeon, most general surgeons will find it a rewarding 
experience to peruse if not to delve into this book. 

C. G. CLARK 


Topics in Gastroenterology: 5 
Edited S. C. Truelove and Emanoel Lee. 235 x 155 mm. Pp. 349 
4- x. Hlustrated. 1977, Oxford: Blackwell Scientific. £13:50. 


THIS easy-to-read paperback volume, like its four prede- 
cessors, was based on one of the popular series of postgraduate 
courses in gastroenterology held in Oxford. It is a highly 
successful and interesting mix of topics and authors, each of 
whom has given an up-to-date summary of views on a contro- 
versial topic and of the evidence on which these views are 
based. There is something for everyone— physician, surgeon, 
pathologist, bacteriologist, epidemiologist and, indeed, 
interested bystander. Three main subjects are covered, namely 
cancer of the large bowel, drugs and the liver and bile duct 
problems, particularly with respect to surgical considerations. 
There is then a fourth section containing a miscellaneous 
series of subjects ranging from review of vagotomies through 
the carcinoid syndrome, acute infectious diarrhoea, the 
increasing recognition of Yersinia infection and coeliac 
disease. Each chapter can be easily read and enjoyed by itself, 
and the writing is commendably brief and succinct. The quality 
of production is high, and the illustrations limited but carefully 
selected. In the section on cancer of the large bowel it is 
fascinating to have the comparison of results of surgery for 
this disease in a highly specialized hospital and in district 
general hospitals, with nicely argued reasons for the apparent 
difference. The various pleas for a more scientific approach to 
the investigation and management of bile duct problems are 
also thought-provoking. 

This is clearly a book for postgraduates with either a passing 
or a deep interest in these particular gastroenterological 
problems, and it is likely to have a wide appeal. 

|. E. GILLESPIE 


Lymphedema 
Edited Leo Clodius. 170 x 240 mm. Pp. 1924 viii, with 35 tables 
and 158 illustrations. 1977. Stuttgart: Thieme. DM68. 


Tuis is a beautifully produced book, lavishly illustrated on fine 
paper, with many excellent reproductions of radiographs and 
clinical photographs. It is the work of many authors, some of 
considerable repute. The subject matter is, however, extremely 
variable in quality, some of it discursive and unscientific. There 
are chapters which raise many interesting questions, but often 
without answering them. 

A stimulating book for those doing research work on the 
peripheral circulation, but unfortunately, with the exception 
of a few chapters, it is of little help to the practising surgeon. 

J. B. KINMONTH 


Respiratory Distress Syndrome of Shock and Trauma: Post- 
traumatic Respiratory Failure 

F. W. Blaisdell and F. R. Lewis. 233x 153 mm. Pp. 237 xii. 
Illustrated, 1977. Philadelphia: Saunders. No price given. 


DuRING the past decade there has been an increasing interest 
in acute pulmonary insufficiency following shock sepsis and 
trauma. The early recognition of the syndrome by American 
workers was given further impetus by their involvement in the 
Vietnam War. At this time rapid retrieval of battle casualties 
to base hospitals provided doctors with unwelcome but 
extensive experience of pulmonary damage occurring as a 
result of disorders remote from the lung. 

Because of the variety of precipitating events, the condition 
received several names of which shock lung, acute pulmonary 
insufficiency and adult respiratory distress syndrome are 
probably the most common. In this short book two of the 
leaders in the field of acute respiratory care cover the whole 
subject from the story of its identification through differential 
diagnosis and management to developments in membrane 
oxygenation. At an early stage the senior author clearly states 
his belief that the disorder is the result of thromboembolism 
and disseminated intravascular coagulation, but access to other 
opinions is afforded to the reader both in the text and at the 
end of each section through an excellent series of references. 

The chapters on management are practical and relevant with 
lists of concise indications for ventilatory support and weaning. 
The tests of respiratory function which they recommend, i.e. 
compliance, vital capacity and maximal inspiratory force are 
simple and within the capabilities of even the most fund- 
starved NHS units. 

The value of the alveolar~arterial difference as an index of 
shunt is discussed and its drawbacks mentioned, though a little 
briefly for a measurement which plays such an important role 
in decision making. 

This is a first-class book, easy to read and with a bibliography 
of such quality that the reader can either motor quickly through 
the text or explore interesting side roads according to interest 
and available time. 

RODNEY R. ARMSTRONG 


Essentials of Medicine and Surgery for Dental Students 
A. C. Kennedy and L. H. Blumgart. 210 x 130 mm. Pp. 271 + iv. 
illustrated. 1977. Edinburgh: Churchill Livingstone. £500. 


Tuis book replaces and updates the original Essentials of 
Medicine for Dental Students and is to be applauded for 
breaking the artificial barrier between medicine and surgery. 
The authors attempt to select the details relevant to the dental 
student omitting details required by the doctor for the practice 
of medicine. The burden of such selection is squarely faced, 
though the arguments from dentists who teach are still 
polarized. 

The text is didactic and systematic. For dental students 
whose instruction ts integrated, it should provide easy reading. 
For those less fortunate, who are taught surgery as a separate 
discipline, it may be less informative. Nevertheless, any student 
would benefit from perusal of this book if only to confirm that 
disease is neither ‘medical’ nor ‘surgical’, It is a textbook which 
can also be recommended to nurses. 

C. G. CLARK 


Endoprostheses and Alternatives for the Arm Shoulder Joint 
Edited Caius Burri, Johann Coldeway and Axel Ruter. 245 x 170 


mm. Pp. 84, with 25 tables and 90 illustrations. 1977. Berne: 
Huber. S.Fr. 32. 


Tuis booklet, apparently translated from the German, is a 
digest of proceedings and papers read at a conference of West 
German orthopaedic surgeons, with some Swiss and Austrian 
participants. The rather quaint title suggests that we may 
expect further reports dealing with other joints of the upper 
extremity. There are comprehensive papers on a variety of 
techniques for endoprosthetic replacement of the shoulder 
joint, and it is essential reading for all those interested in this 
particular problem. Techniques alternative to shoulder 
replacement, such as resection, arthroplasty and arthrodesis, 
are also reported, but only familiar ground is covered. The 
results of the conference are summarized in a final brief 
discussion of the recommendations of a panel of experts, in 
whose conclusions one could find little to quarrel with: at the 
present stage of development prosthetic replacement should 
be reserved for elderly patients; there is a place for simple 
resection and interposition arthroplasty in post-infective cases; 
there is an occasional place for arthrodesis in the isolated 
painful post-traumatic shoulder in a younger person. This book 
may be read with profit by all those interested in the surgery 
of the shoulder joint, and is a very useful summary of the 
present state of knowledge on this subject. 

LIPMAN KESSEL 


Rhoads' Textbook of Surgery: Principles and Practice 
Edited James D. Hardy. Fifth edition. 254 x 204 mm. Pp. 2354 4- 
xv. Hiustrated. 1977. Philadelphia: Lippincott. £30-80. 


IN the fifth edition the editor has set out to produce a compre- 
hensive surgical text that will appeal to medical students, 
postgraduate trainees and established surgeons alike. Despite 
the seemingly impossible nature of the task, this remarkable 
work is likely to do just that, though at £30.80 and 7} Ib, 
undergraduate use may be confined to the library. 

There are 15 sections in all, covering general principles and 
each svstem in turn, 2354 pages and 279 contributors, all but 
8 of whom practise in North America. Many sections begin 
with an overview that puts the subject in biological and 
clinical perspective. Thereafter multiple authors deal with 
specific problems, each account ending with an annotated 
bibliography of review articles and an additional list of 
references to the medical and scientific literature. The book 
includes all aspects of general and emergency surgery (except 
military), cardiothoracic, vascular, ENT, paediatrics, plastic, 
orthopaedic, urological, neurosurgical and gynaecological and 
the underlying scientific principles. There are good descriptions 
of both major and minor operative procedures with particular 
attention to the kind of simple practical detail so essential to 
those who have occasionally to teach themselves (how do you 
bandage a shoulder? just how much thyroid do you leave after 
a subtotal thyroidectomy ?). Although a few of the operative 
photographs do not reproduce well, there are a very large 
number of good illustrations of all kinds in black and white 
and particularly good diagrams. This is a comprehensive 
surgical text of conspicuous excellence. 

J. HERMON-TAYLOR 


Oral Surgery and Anesthesia 
R. B. Steiner and R. D. Thompson. 260 x 180 mm. Pp. 670-- 
xtii. Hlustrated. 1977. Philadelphia: Saunders. £27-50. 


Tits book was written for American dentists practising alone 
in remote areas. In general it resembles a Readers Digest with 
a series of articles by twenty-two authors on various aspects of 
oral surgery and anaesthesia. Like the curate's egg, it is good 
in parts but contains much indifferent material and a propor- 
tion of not quite so good. In fairness to the authors, I believe 
they were set an impossible task in having to condense a great 
deal of material and yet present it in a popular style. At the 
price of £27:50 it is not recommended to British readers. 

R. O'NEIL 
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Breast Cancer Management: Early and Late 

Edited Basil A. Stoll. 240 185 mm. Pp. 237+ ix. Hlustrated. 
1977. London: Heinemann Medical. £8-50. 


WHEN dealing with a subject such as breast cancer, with all its 
rapidly changing developments, it must be very difficult to 
compile a concise and up-to-date volume of current concepts 
of the disease which will last. This has been accomplished by 
the editor of this book, using an impressive international 
gathering of contributors. 

The book is conveniently divided into several sections. The 
first deals with the treatment 'aiming at a cure', containing an 
excellent introductory chapter by M. Baum, covering topics 
such as screening of breast cancer, and then chapters on 
chemotherapy, radiotherapy and hormone therapy. 

The second part is a synopsis of treatment for palliation, 
touching on all the weaponry at our disposal and including an 
all-important chapter on the often-forgotten aspect of care of 
the terminal patient by Robert G. Twycross. 

The book is well written and is followed by a comprehensive 
list of references. 

J. G. MURRAY 


Jamieson and Kay's Textbook of Surgical Physiology 

lain McA. Ledingham and Colin MacKay. Third edition. 273 x 
220 mm. Pp. 381--x. Hlustrated. 1978. Edinburgh: Churchiil 
Livingstone. £18-00. 


Ir is a pleasure to welcome the third edition of this well- 
known work. The new editors have departed from the tradi- 
tion of the first two editions by inviting contributions from 
a number of authors, including two from Canada, yet have 
been at pains to preserve the original flavour of the book by 
ensuring that many of the contributors are old associates 
or trainees of Sir Andrew Watt Kay. 

All the topics covered in the previous editions are pre- 
sented again here, and there are new chapters on immunology, 
the nervous system, the ovary and shock. Sir Andrew himself 
reminds us of his versatility by contributing the adrenal 
chapter and that on the stomach. I particularly enjoyed the 
chapters on wound healing and fibrosis (James C. Forrester) 
and the small intestine and colon (lain Gillespie). 

This book should be on the shelf of every academic depart- 
ment of surgery and will be recommended reading for the 
primary Fellowship examinations. 

The double-column format and clearprint make for easy 
reading, and the general standard of production of this book 
is high. It is well worth the price. 

MICHAEL HOBSLEY 


Review of Physiological Chemistry 

Edited H. A. Harper, V. W. Rodwell and P, A. Mayes. Sixteenth 
edition. 260 x 180 mm. Pp. 681-- x. Illustrated. 1977. Los Altos: 
Lange Medical. $13.00. 


Tuis is the sixteenth edition of an old favourite which first 
appeared as long ago as 1939. Ns stated aim is to give a 
'reasonably concise presentation of those aspects of chemistry 
that are most relevant to the study of biology and medicine’. 
Apart from the three main authors, one of whom (P. A. M.) is 
Reader in Biochemistry at the Royal Veterinary College here 
in London, there are important contributions from five other 
distinguished biochemists, who cover such specialized subjects 
as immunochemistry, the genetic code and the nucleotides. The 
approach is mainly by organ and system, but there has been 
no hesitation in dealing with the modern approach at a sub- 
cellular or molecular level. 

The book is elegantly presented in a substantial soft cover, 
with a reasonable quality of paper and excellent clear printing. 
It must surely continue to fulfil the requirements of new 
generations of medical, dental and veterinarian students, and 
surgeons who are interested in the biochemical basis of the 
clinical problems that they encounter will find it useful to have 
access to a copy in their department of surgery. This reviewer 
suspects that there must be many teachers of biochemistry who 
will find the book invaluable as well! 

MICHAEL HOBSLEY 
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Gynecologic Operations 
Harold M. M. Towell and Leonard D. Dank. Pp. 321+ xviii, 
with 80 illustrations. 1978. Maryland: Harper & Row. $30.00. 


ALTHOUGH this is just an account of twenty-three specific 
gynaecological operative techniques as performed by members 
of the staff of one New York women's hospital, its simple 
format and detailed, clear drawings, together with a lucid 
text, make it a useful contribution to the field. In addition, 
there are critical commentaries on each technique contributed 
by ‘external’ assessors, which usually lend objective assess- 
ment or point to possible alternative modifications. For each 
procedure there is also a good reference list and suggestions 
for additional reading. 

Few operative techniques as originally described are uni- 
versally employed, or even accepted, but the range of opera- 
tions detailed in this volume have been chosen because of 
wide usage. Seven of the chapters were originally published 
between 1973 and 1976 in Clinical Obstetrics and Gynecology. 

This collection will be helpful to the gynaecological speci- 
alist in training and might also have a place on the general 
surgeon's bookshelf or in the surgeon's room in theatre for 
quick reference purposes. 

D. V. 1. FAIRWEATHER 


Nutrition in the Clinical Management of Disease 
Edited John W. T. Dickerson and H. A. Lee. 225 « 148 mm. 
Pp. 408 3- viii. 1978. London: Edward Arnold. £12-30. 


THERE has been considerable interest in the past decade in 
the nutritional care of ill patients and a comprehensive book 
on nutrition in clinical management is welcome. The editors 
have been joined by fourteen other authors, mostly physicians, 
to cover all aspects of the subject, and the book has been 
designed to provide something for every specialty. The first 
three chapters deal with the special problems of childhood. 
Nutrition in the elderly is then discussed and the manage- 
ment of obesity reviewed before nutritional aspects of diseases 
of each body system are dealt with in turn. The section on 
diet and cardiovascular disease contains many interesting 
theories but relatively little data. The nutritional aspects of 
neurological disorders are explored and the interrelationships 
of nutrition and drugs covered. The chapter on anaemias and 
coagulation disorders of nutritional origin is particularly useful. 

Nearly all the problems of interest to surgeons are included 
but important detail is often lacking, due no doubt to the 
limitation of space in a book which covers so manv topics. 

The discussion on some important subjects of surgical 
interest is not particularly critical or comprehensive. For 
example, bypass surgery for obesity receives very brief com- 
ment on several occasions. The value of intravenous feeding 
as supportive therapy is not explored in any detail in situa- 
fions where its value has not yet been established clearly. 
such as malignant disease, the post-injury period or granulo- 
matous diseases of the bowel. 


There is much valuable information on tube feeds, diets 
and various dietary supplements, including trace elements. 
The role of a nutritionist in clinical care as distinct from 
à dietician seems to emerge from various chapters in the book. 
This book provides a good broad introduction to clinical 
nutrition but problems of special concern to surgeons are 
not covered adequately enough to make it an essential refer- 
ence volume for most surgeons. 
IVAN JOHNSTON 


Diagnosis of Liver Diseases 

Edited H. Wallnofer, E. Schmidt and F. W. Schmidt. 240 x 
170 mm. Pp. 198 -- xi, with 266 illustrations. 1977. Stuttgart: 
Thieme. £43-00. 


Tuis is a beautifully produced book, profusely illustrated 
with colour plates and very expensive. The foreword states 
that a good history and physical examination are often all 
that are needed to establish a diagnosis of liver disease but 
that further studies are necessary to determine beyond all 
doubt the type. stage and progression of disease. This mono- 
graph sets out to describe all possible methods for such 
investigation and their relationship to each other, without 
stressing unduly any one method. 

Unfortunately the authors do not entirely succeed in this 
aim. Certainly the book is a beautiful atlas of laparoscopic 
findings. In almost every other respect, in its attempt to 
deal with a variety of procedures, it does not achieve any 
depth of statement; in particular, it cannot be recommended 
as being of especial surgical relevance. The section on anatomy 
is curious, there being almost no statement of gross anatomy 
and little of the relevance of anatomical findings as displayed 
by angiography to surgical approaches to disease of the liver. 
Deviations from normal anatomy are discussed in a chapter 
which is said to be without clinical significance. This may 
be so in some situations but anomalies of the arterial supply 
to the liver can hardly be regarded as without clinical signi- 
ficance for the operating surgeon. 

The section on tumours of the liver and also that on cysts 
do not emphasize the importance of diagnostic criteria in 
assessing such matters of surgical importance as operability 
and resectability. Similarly, the chapter on biliary tract 
obstruction merits scant attention. 

Although beautifully illustrated—it is perhaps of more 
value as an atlas of laparoscopy and histology—this book 
does not succeed in giving an overall approach to the diag- 
nosis Of liver disease and cannot be recommended to the 
general surgeon. For the pathologist and laparoscopist, this 
book has value. A surgeon interested in hepatobiliary disease 
is best advised to glance at it in the library but to purchase a 
more relevant, integrated and almost certainly cheaper text 
concerned with the diagnosis of liver disease. 

L. H. BLUMGART 
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surgical team forall neurosurgical procedures 
performedin the sitting position. 


Kidney. Optimum table flex without use of a kidney 
elevator for greater patient safety and comfort. 





RESTON 


Br. J. Surg. Vol. 65: September 1978 V 


I7th Edition of 
BAILEY AND LOVE'S 
SHORT PRACTICE OF SURGERY 


Revised by A. J. HARDING RAINS, M.S., F.R.C.S. 
and H. DAVID RITCHIE, M.A., Ch.M., F.R.C.S. 


1352 pages 1531 illustrations £17-50 net 


et te Mit nee ya traci hyenas —— RR d 


SURGICAL DIAGNOSIS 


By GEORGE QVIST, F.R.C.S. 
712 pages 867 illustrations £15-00 net 


H. K. LEWIS & CO. LTD. 
136 GOWER STREET, LONDON WCIE 6BS 


New edition 
A Handbook of Surgical Diathermy 2nd edition 


J.P. MITCHELL. T.D. M.S.(LOND.), F.R.C.S.{EDIN.), F. R.C.S.(ENG.), Professor of Surgery 
( Urology), University of Bristol. 

G. N. LUMB, M.B., R.S.(LOND.), F.R.C.S.(ENG.), Consultant Urological Surgeon. West 
Somerset Clinical Area. Lecturer in Surgery, University of Bristol. 

A. K. DOBBIE, B. 5C (ENG.), CENG., M.LE.E., Formerly Electrical Safety Engineer, 
Department of Health and Social Security. 


Contents 

Principles of Diathermy; The Dangers of Surgical Diathermy, The Diathermy Cabinet; The 

Power Output and Waveforms of Surgical Diathermy Circuits; The Indifferent or Plate Electrode: 
its Preparation and Application: The Active Electrode and the Use of Diathermy Machines with 
other Electrical Equipment; Basic Drill for Fault Finding; Surgical Diathermy in Urology: 
Laparoscopic Diathermy in Gynaecology: Surgical Diathermy in Neurosurgery; The Medico-lega! 
Aspect of Surgical Diathermy: Appendix 1: Appendix 2; References; Index. 

234 x 156 mm, about 128 pages, 131 illustrations including 12 colour, 

ISBN 0 7236 0449 5 U.K. net price £10-00 


42-44 Triangie West, Bristol BSS 1EX 





vi Br. J. Surg. Vol. 63; September 1978 


Why leading surgeons 
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An introduction to the 


Symptoms and Signs of Surgical Disease 


Norman Browse 


This book contains an account of the 
techniques of history taking and clinical 
examination, and a detailed description of 
the symptoms and signs of the common 
surgical diseases. These descriptions are 
presented under the same headings used 
to describe the methods of examination 


mentals of clinical practice—the history 
and clinical examination. The many 
photographs, line drawings and revision 
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qualified doctors reading for diplomas or 
higher degrees that contain a clinical 
examination. 
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are completely 


Result —they are a simple, safe and 
effective weapon in the fight against Deep 
Vein Thrombosis —a major cause of post 
operative complications and death. 
D.V.T. can be prevented or dramatically 
reduced without the need for drug therapy 
by maintaining the venous flow in the calf 
muscle of the anaesthetized patient 
during surgery. 
The application of the Powley-Doran Leg 
Gaiter provides a controlled electrical 
stimulation to the gastrocnemius soleus 
calf muscle pump' which has been shown 
to provide a convenient method of 
preventing venous stasis thus reducing 
or eliminating deep vein thrombosis. 


safe and simple way. 


Electronic Gaiters 
Self-contained. 


{] Battery Operated 

L} No trailing wires or tubes 

| | Adjustable output ` 

L] Separate independent unit for each leg 
L1 Simple and rapid attachment to patients 
|_| Adjustable for all sizes of patients 

|_| Completely Self Contained 


DORAN F.S.A — B.M.J., 1976-11-1193 

POWLEY J.M. and DORAN F.S.A.— LANCET, 1973-1-406 
DORAN F.S.A.—B.J. HOSP. MED., 1971-12-773 
BROWSE N.L. and NEGUS D.- B.M.J. 1970-3-668 
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The amazing new Eschmann 
Alpha has a system of controls 
that make other operating 
tables somewhat clumsy by 
comparison. 

For a start, its Control Arm 

can be moved to a number of 
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end of the table. It can also 

be moved up and down. This 
allows maximum accessibility 
whatever the position of the 
patient. All movements of the 
table-top can be achieved by 
thumb-operated selection 
combined with operation of the 
drive handle, which allows 

for right or left-handed users. 
There's even a 2-speed selector 
for moving heavy patients. 
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of the base. The patient can 
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into position for all surgical 
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Surgery and microsurgery. 
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Randomized multicentre trial of oral bowel preparation 


and antimicrobials for elective colorectal operations" 


D. M. MATHESON, Y. ARABI, D. BAXTER-SMITH, 
J. ALEXANDER-WILLIAMS AND M. R. B. KEIGHLEY? 


SUMMARY 

A study of 120 patients undergoing elective colorectal 
operations has investigated the effect of adding oral 
neomycin and metronidazole to bowel preparation in a 
double-blind randomized controlled trial. Comparisons 
have also been made between a standard mechanical 
preparation and the use of an elemental diet. The 
addition of neomycin and metronidazole to bowel 
preparation significantly reduced the rate of wound 
sepsis (P 0-01), septicaemia (P<0-02) and anasto- 
motic dehiscence (P « 0-02); anaerobic infections were 
abolished and there was a significant reduction in the 
incidence of aerobic Gram-negative infections. Elemental 
diets were shown to have no advantage over mechanical 
preparation. 


E_ective colorectal operations are associated with a 
high incidence of postoperative sepsis (Burton, 1973). 
Most infections are endogenous and are caused by 
dissemination of intestinal contents either at the time 
of operation or postoperatively as a result of intestinal 
suture line dehiscence (Keighley, 1977). 

Attempts to reduce the high incidence of sepsis 
should be directed towards improvements in pre- 
operative preparation and operative technique and 
the wider use of antimicrobials. It has been claimed 
that inefficient preoperative mechanical bowel prepara- 
tion and negative nitrogen balance are associated with 
intestinal suture line dehiscence (Irvin and Goligher, 
1973) and that meticulous operative technique will 
minimize the risks of postoperative sepsis (Hughes, 
1972). Further reduction in postoperative sepsis may 
also be achieved by the addition of antimicrobials to 
bowel preparation (Washington et al., 1974) or by 
systemic chemoprophylaxis (Keighley et al., 1976). 

Elemental diets have recently been used for pre- 
operative bowel preparation because they reduce the 
volume of faeces in the colon and maintain a positive 
nitrogen balance (Glotzer et al., 1973). Some of the 
clinical trials of elemental diet in bowel preparation 
have been inconclusive because of the small numbers 
of patients studied and inadequate standardization of 
nursing techniques (Johnson, 1974). The addition of 
oral neomycin and metronidazole to bowel prepara- 
"lion has been shown to reduce the counts per 
milliligre of organisms in the colon, even in the 
presence of stenosing carcinoma of the colon (Arabi 
et al., 1977). 
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Patients and methods 

The study was conducted at three Birmingham hospitals with 
eleven surgical units participating. At each hospital a liaison 
officer allocated patients to the different treatment groups and 
collected clinical information on postoperative progress. 
Allocation to the type of bowel preparation (conventional or 
elemental diet) and the nature of prophylactic antimicrobial 
therapy (neomycin and metronidazole or identical placebo) 
was determined by drawing from a sealed envelope a card 
which defined the type of bowel preparation and a treatment 
code (tablets A or B). This treatment code was known to neither 
the surgical team nor the liaison officer until the end of the 
study. 

One hundred and twenty patients requiring elective opera- 
tions for colorectal cancer or diverticular disease were admitted 
to the trial. Ten patients were subsequently excluded because 
of failure to complete the specified bowel preparation or owing 
to the need for emergency intervention to relieve obstruction or 
drain a pericolic abscess. Patients with ulcerative colitis and 
Crohn's disease were not included in the study. 


Mechanical preparation and antimicrobials 

Conventional bowel preparation consisted of a low residue 
diet for 3 days before operation, five 15-g doses of oral 
magnesium sulphate 2 days before operation and an enema 
followed by two rectal washouts on the following day. The 
elemental diet (Vivonex standard) was used as the only form 
of calorie intake for 5 days before operation with a rectal 
washout on the day preceding operation. At operation the 
surgeon classified the faecal loading of the large bowel as 
‘gross’ when the colon was loaded with faeces, ‘moderate’ 
when only a small amount of faecal fluid was encountered and 
‘no residue’ when the colon was completely empty. For 2 days 
before operation the patients received either neomycin lg 
8-hourly and metronidazole 200 mg 8-hourly or identical 
placebo tablets. The last dose of antimicrobials or placebo was 
received at 9 p.m. on the day before operation. 


Operative technique 

All anastomoses were performed in two layers (inner con- 
tinous catgut and outer inverting interrupted silk) except for 
low anterior resections which were usually performed with a 
single layer of interrupted silk. The decision to use a proximal 
colostomy was left to the judgement of the individual surgeon. 
Drains, when used, were brought out through separate 
incisions. Primary closure of the perineum was used after 





* These results were presented in part to the Surgical Research 
Society in July 1977. 

t The General, Selly Oak and East Birmingham Hospitals, 
Birmingham. 

Correspondence to: M, R. B. Keighley, The General Hospital, 
Steelhouse Lane, Birmingham. 
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Table I: COMPARISON OF ANTIMICROBIAL AND 
PLACEBO GROUPS 

Neomycin and 





metronidazole Placebo 
{n= 51) (n = 59) 
Male 28 (54-954) 35 (59.35) 
Female 23 (45170) 24 (40 774) 
Mean age 64-7 63-2 
Operations 
Right-sided resection IE (285%) 12 0:355) 
Left-sided resection with- 20. (39272) 33 (55-98) 
out colostomy 
Abdominoperineal I3 (25445 12 (2035 
excision 
Other 7 (1374) 2 (3015) 
Trans-sphincteric 4 0 
excision of villous 
papilloma 
Hartmann's resection 2 0 
Closure of colostomy 0 2 


Table H: RESULTS OF ANTIMICROBIAL BOWEL 
PREPARATION 
Neomycin and 


metronidazole Placebo 
(n = 51) (n = 39) 
Faecal residue 
Gross 9 (176%) 13. (22-03%) 


Boscia 17 (33-38%) 20 (35-59%) 
No residue 25 — (49% 25 (42-37%) 
Wound sepsis 9 (17622) 25 — (42352)* 


Perineal sepsis (after 4/13 (31%) 10/12 (8374) 


abdominoperineal 


excision) 
Abscess 0 = S XX 
Septicaemia 0 — JI €Ebo7)** 
Anastomotic dehiscence Q —— t Xqb9 3t 
Wound dehiscence Po (2%) S (8575) 
Death 2. (3-9%) 7 (11:95) 
l 


Total patients with ] (21-527) 36  (61192* 


postoperative sepsis 


Mean hospital stay 17-06 


ZI 





abdominoperineal excision of the rectum only if there was no 
contamination, otherwise the perineal wound was packed. All 
abdominal wounds were closed with non-absorbable synthetic 
suture material and the skin was sutured with interrupted silk. 


Observations 

The wound was examined on the third and seventh post- 
operative days and on the day of discharge from hospital 
unless there was pain or discharge from the incision. Wound 
sepsis was defined as the presence of pus in the incision, thereby 
excluding patients who had only erythema or wound haema- 
toma. Abdominal or pelvic abscess was defined by either a 
spontaneous discharge from a palpable mass or by a collection 
of pus requiring surgical drainage. Blood cultures were 
performed only if there were clinical signs of septicaemia, such 
as unexplained pyrexia, rigors or hypotension. 

Bacteriological material from septic foci was transported 
immediately to the microbiology department for isolation of 
organisms by inoculation on to selective aerobic and pre- 
reduced anaerobic media. 

A postoperative contrast enema was not performed on every 
patient after resection and primary intestinal anastomosis 
because some of the participating surgeons considered that the 
risks of such a procedure were unjustified. Data on anasto- 
motic dehiscence were therefore obtained from evidence of a 
leak on occasional sigmoidoscopic or barium enema examina- 
tion, from clinical evidence of a faecal fistula or of peritonitis 


requiring a second operation, or as a result of post-mortem 
findings. 


Statistics 
Results were analysed using a +? test and Yates’ correction for 
small numbers. 


Results 

Influence of neomycin and metronidazole 

Of the 110 patients eligible for study, 51 received 
neomycin and metronidazole and 59 received placebo 
tablets. The mean age, sex and the types of operation 
were similar in the two groups (Table I). The addition 
of neomycin and metronidazole did not affect the 
surgeons' assessment of the amount of residue in the 
colon (Table II). Wound sepsis in the abdominal 
incision was significantly reduced from 42:3 per cent 
in the placebo group to 17-6 per cent (P « 0-02) in the 
antimicrobial group. Perineal sepsis after proctectomy 
was also apparently reduced from 83 per cent in the 
placebo group to 31 per cent in patients who received 
antimicrobial prophylaxis, but because of the small 
numbers of patients having proctectomy this difference 
did not achieve statistical significance. Septicaemia 
and anastomotic dehiscence did not occur in patients 
receiving neomycin and metronidazole, which was 
significantly different from the incidence of septicaemia 
(12 per cent) and anastomotic dehiscence (12 per cent) 
in the placebo group (P «0-02). Intra-abdominal or 
pelvic abscess was recorded in 3 patients, all of whom 
had received placebo tablets. Wound dehiscence 
occurred in 5 patients (8:5 per cent) in the placebo 
group compared with 1 patient (2 per cent) who had 
received neomycin and metronidazole. Although the 
mortality in the placebo group (11:9 per cent) was 
higher than among patients receiving neomycin and 
metronidazole (3-9 per cent), the difference was not 
statistically significant. Five of the deaths in the 
placebo group were associated with overwhelming 
sepsis compared with no deaths from sepsis in patients 
receiving neomycin and metronidazole. 

The incidence of abdominal wound sepsis was also 
analysed according to the type of operation performed. 
The addition of neomycin and metronidazole was 
associated with a reduction in the incidence of wound 
sepsis after right-sided resections from 33 per cent to 
9 per cent, after left-sided resections from 51 per cent 
to 15 per cent and after abdominoperineal excision 
from 25 per cent to 15 per cent. However, these 
differences did not achieve statistical significance. 

The addition of neomycin and metronidazole 
significantly reduced the duration of hospital stay 
from 24 to 17 days (P «0-05). 

Details of the micro-organisms isolated from septic 
foci are shown in Table III. Most infections were due 
to more than one organism. Anaerobic sepsis was 
completely abolished in patients receiving neomycin 
and metronidazole, whereas in the patients who 
received placebo tablets, Bacteroides fragilis was 
isolated from 23 sites (P<0-001) and anaerobic 
streptococci from 8 sites (P<0-02). Escherichia coli 
was isolated from 23 sites in patients who had received 
placebo treatment and only from 9 sites in patients 
who had received antimicrobials (P<0-02). Pseudo- 
monas aeruginosa and Proteus spp. occurred only in 
placebo-treated patients (P<0-02). Exogenous sepsis 
due to Staphylocceccus aureus occurred at 5 sites in 
patients who had received placebo treatment and at 
3 sites in those who had been given active prophylaxis, 


The incidence of overall sepsis was analysed 
according to the method of bowel preparation. There 
was a significant reduction in the incidence of sepsis 
following neomycin and metronidazole both in the 
mechanically prepared patients (from 57 per cent to 
23 per cent, P«0-05) and in 3 patients receiving 
an elemental diet (from 66 per cent to 19 per cent, 
P<0-02). 


Comparison of methods of mechanical bowel 
preparation 

The results have been analysed according to the 
method of mechanical bowel preparation (conven- 
tional or elemental diet). The groups were similar with 
respect to mean age, sex and types of operation (Tables 
IV, V). The incidence of all forms of sepsis was 
similar and statistical analysis failed to reveal any 
significant differences. In terms of reducing faecal 
residue there was no significant advantage of prepara- 
tion by elemental diet compared with conventional 
methods. However, the mean hospital stay of patients 
receiving an elemental diet (25 days) was significantly 
longer (P<0-02) than that of patients having had 
conventional bowel preparation (17 days). 


Discussion 

The results of this trial have shown that the incidence 
Of sepsis was significantly reduced by prophylactic 
treatment with. neomycin and metronidazole, irre- 
spective of the method of mechanical preparation. 
There was, however, an uneven distribution in the 
site of colonic carcinoma in the two groups; this may 
have influenced the results, particularly as left-sided 
resections, which are known to be associated with a 
greater incidence of sepsis (Burton, 1973), were more 
common in the placebo (55-9 per cent) than in the 
antimicrobial group (39-2 per cent). We therefore 
analysed the incidence of sepsis according to the 
operative procedure and demonstrated a marked 
reduction in wound sepsis from 51 to 15 per cent and 
in septicaemia from 18 to O per cent for the group 
having left-sided resection. We think it is unlikely, 
therefore, that the abnormal distribution of left-sided 
resection has had very much influence on the results 
of this trial. 

In the patients having no antimicrobial prophylaxis 
there was a high incidence of abdominal wound sepsis 
and infection in the perineal wound after proctectomy. 
However, some surgeons would claim that these 
complications are little more than a nuisance and are 
rarely associated with systemic illness. Conversely, 
septicaemia after colorectal operations carried a high 
mortality and should be avoided whenever possible 
(Clarke et al., 1977). 

The majority of patients with septicaemia (4 cases) 
had clinical evidence of an anastomotic dehiscence. 
Anastomotic dehiscence has been shown to be more 
common in patients having an inadequately prepared 
colon, but is probably uninfluenced by antibiotics 
(Irvin and Goligher, 1973). The data from this study 
suggest that the incidence of anastomotic dehiscence 
might be reduced by the use of oral antibacterial 
agents with bowel preparation. Evidence that anti- 
biotics improve the healing rate of colonic anastomosis 
and reduce the incidence of dehiscence has also been 
demoristrated in an experimental model (LeVeen et al., 


1976). 
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Table HI: MICRO-ORGANISMS ISOLATED FROM 
SITES OF CLINICAL SEPSIS 


Antimicrobials Placebo 
(n = $1) (n = 59) 

Bacteroides fragilis 0 Za°* 
Clostridium welchii 0 8* 
Anaerobic streptococci 0 5 
Lactobacilli 0 I 
Escherichia coli 9 23° 
Klebsiella spp. 1 6 
Pseudomonas aeruginosa 0 TY 
Proteus spp. 0 Tt 
Streptococcus faecalis i 4 
Staphylococcus aureus 3 5 
Staphylococcus albus 0 5 
G-haemolytic streptococcus 3 5 
Non-haemolytic streptococcus 0 3 
Others 0 7 





* P002; ** P<0-001. 


Table IV: COMPARISON OF MECHANICAL BOWEL 
PREPARATIONS 


Conventional 
bowel preparation Elemental diet 
{n == 60) (n = 50) 

Male 35 (5832) 26 (565 
Female 25 {417% 24 (48%) 
Mean age 63-8 64-1 
Operations 

Right-sided resections 12 (20725) Hh (22% 

Left-sided resections 25 (41-69) 28 (56%) 

Abdominoperineal 16 (266%) 9 (18% 

excision | 
Other 7 (116%) 2 (4%) 


Table V: RESULTS OF MECHANICAL BOWEL 
PREPARATION 


Conventional 
bowel preparation Elemental diet 
(n = 60) (n z SQ) 
Faecal residue 
Gross S$ (835) 10 (2075) 
Moderate 27 (45%) I8 (36% 
No residue 26 — (43355 22 (44%) 
Wound sepsis 17. (2835) 17 (344004 


Perineal sepsis (after 6/16 (37-594) 8/9 (88-887) 


abdominoperineal 

excision) 
Abscess 0 = 3 X465 
Septicaemia 3 (522) 4 (8%) 
Anastomotic dehiscence 2 (3:3%) S (10°) 
Wound dehiscence GO e 6 (12%) 
Death 5. (835) 4 (85 
Total patients with 24 (40%) 23 (469. 

postoperative sepsis 
Mean hospital stay 16:96 24-64* 


* P002. 


We have already shown that the combination of 
neomycin and metronidazole has a profound influence 
on the numbers of bacteria in the colon (Arabi et al., 
1977). A similar reduction in the numbers of aerobic 
and anaerobic bacteria in the colon has also been 
achieved by other antibiotic combinations—neomy- 
cin and erythromycin (Nichols et al., 1972) or neomycin 
and bacitracin (Sellwood et al., 1969). A reduction in 
the incidence of sepsis was observed when erythro- 
mycin or bacitracin was added to neomycin and 


600 D. M. Matheson et al. 

compared with a placebo (Sellwood et al, 1969; 
Clarke et al., 1977). Neomycin alone has not been 
shown to influence the incidence of postoperative 
sepsis (Everett, 1969; Washington et al., 1974). 

Recent clinical trials indicated that metronidazole 
when used in combination with kanamycin or 
gentamicin was effective in reducing sepsis after 
colonic operations (Goldring et al., 1975; Willis et al., 
1977). Unfortunately both trials investigated only 
small numbers of patients so that it was not possible 
to demonstrate a significant reduction of complica- 
tions other than wound sepsis. In this study we have 
demonstrated that oral antimicrobials significantly 
reduced septicaemia, hospital stay and the incidence 
of anastomotic dehiscence as well as of wound sepsis. 

It could be argued that a control group should not 
have been used when the risk of sepsis without anti- 
biotics has already been well documented in the 
literature (Keighley et al., 1976). However, we have 
also shown that some of the risks of antibiotic prophy- 
laxis, such as pseudomembranous colitis (Keighley and 
Crapp, 1976), are potentially more serious than wound 
sepsis, and many of the surgeons participating in this 
study were not convinced of the value of prophylaxis 
and did not use it routinely. 

The aim of adding oral antimicrobials to bowel 
preparation is to reduce the bacterial flora of the 
colon. It is likely, however, that adequate serum con- 
centrations of metronidazole were present at opera- 
tion in the patients receiving oral antimicrobials, so 
that the effect of metronidazole against postoperative 
sepsis need not necessarily be explained by a reduction 
in the colonic flora. With the use of oral antimicro- 
bials there is always the danger of encouraging anti- 
biotic-resistant organisms and, with a change in the 
intestinal flora, a risk of superinfection by staphylo- 
cocci or candida. It is likely that the use of systemic 
antibiotic prophylaxis will be preferable to the 
addition of oral antimicrobials to bowel preparation. 
However, parenteral prophylactic metronidazole is 
not yet available. One reported patient developed 
pseudomembranous colitis following preparation with 
neomycin and metronidazole and later died of this 
complication (Kappas et al, 1978). Pseudomem- 
branous colitis is probably due to an alteration of the 
bacterial flora of the colon (Allen et al, 1977), 
thereby allowing the overgrowth of a toxin-producing 
clostridium (Larson et al., 1977; Rifkin et al., 1977). 
Apart from the 1 death from pseudomembranous 
colitis and the 5 deaths from sepsis in the placebo 
group, the remaining operative deaths were due to 
thromboembolism (1 patient) and coronary thrombosis 
(2 patients). 

This trial has confirmed the findings of others, by 
showing that an elemental diet does not offer any 
advantage over conventional bowel preparation as a 
means of reducing the faecal residue at operation 
(Gurry and Ellis-Pegler, 1976). Although there was no 
advantage of elemental diet over conventional bowel 
preparation, this study has demonstrated that the 
addition of oral neomycin and metronidazole 
abolished anaerobic sepsis and significantly reduced 
the incidence of aerobic Gram-negative infections. 
The clinical effects of adding these antimicrobials to 
bowel preparation before elective colorectal opera- 
tions was a significant reduction in wound sepsis, 
septicaemia, anastomotic dehiscence and duration of 
hospital stay. 
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A comparison of noxythiolin and povidone-iodine in 
experimentally induced peritoneal infection in mice 


M. K. BROWNE, G. B. LESLIE AND R. W, 


SUMMARY 

Noxythiolin (Noxyflex, Geistlich), given intraperi- 
toneally as a 2-5 per cent solution, protected mice fram 
the lethal effects of an intraperitoneal injection of 
Escherichia coli. Povidone-iodine (Pevidine, Berk), 
containing 0-075 per cent iodine, gave no protection. 


GILMORE (1977) has compared the effects of noxy- 
thiolin and povidone-iodine given intraperitoneally 
to mice infected with an intraperitoneal suspension of 
Escherichia coli. In his experiments povidone-iodine 
was found to give significant protection at a dose of 
0:2 ml of solution containing 0-075 per cent available 
iodine, while noxythiolin was shown not to produce a 
significant reduction in mortality. However, Gilmore 
used a dose of only 0-2 ml of 1 per cent noxythiolin 
while the clinically employed solution of noxythiolin 
contains 2:5 per cent. The concentration of noxy- 
thiolin is known to be critical, and it cannot, therefore, 
be inferred from Gilmore's report that noxythiolin is 
inferior to povidone-iodine in the protection of mice 
experimentally infected with E. coli. 

We have now carried out a study in mice using 
2:5 per cent noxythiolin (Noxyflex, Geistlich) and a 
povidone-iodine solution containing 0-075 per cent 
available iodine (Pevidine, Berk) to compare the 
protective effects of the two preparations at concentra- 
tions comparable to those employed clinically. 


Materials and methods 

Escherichia coli, serotype 044, were grown on nutrient agar 
plates and harvested after 24h by scraping in 1 ml of 1:1 
mixture of normal sterile saline and nutrient broth. A total of 
60 plates was used and the bacterial suspensions were combined 
and the population of organisms estimated by comparison 
with Brown's opacity tubes. Two separate dilutions of the 
bacterial suspension were prepared and the mean of the two 
estimations was used as a count of the number of organisms 
present. 

in pilot experiments, bacterial suspensions were injected 
intraperitoneally into groups of 10 male TO (Theiller Original) 
mice weighing between 20 and 24 g in order to determine the 
minimum number of organisms required to induce death within 
24 h. This was found to be about 10!? organisms per mouse. 

in the main experiment the organism was grown and 
harvested as before and was then diluted to give a suspension 
containing 10" organisms/ml. Three groups of 60 TO male 
mice received 0d ml of this suspension intraperitoneally 
followed 1 min later by an intraperitoneal injection of 0-2 ml 
of 2-5 per cent noxythiolin or 0-2 ml of povidone-iodine 
containing 0-075 per cent available iodine or 0-2 ml of sterile 
saline. 

The mice were maintained in groups of 5 in polythene boxes 
at an environmental temperature of 201 °C with a relative 
humidity of 45-55 per cent. They had constant access to water 
and to their normal diet pellets (Dixon's 41B). 

Death times were recorded at 15-min intervals for 24 h and 
thereafter hourly for the following 12 h, after which there was 
no further mortality. 


Results m l 
The injection of the povidone-iodine solution appeared 
to cause acute discomfort. Povidone-iodine solution 
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also accelerated death compared with the control 
group receiving sterile saline. 

Noxythiolin appeared to cause no discomfort on 
dosing. It increased survival time and also reduced 
the mortality rate. The details of mortalities and 
survival time are shown in Table I. 


Table 1: GROUP MEAN SURVIVAL AND MORTALITY 
RATES 

No. of animals 
dving within 36 h 


Mean survival 
time (h after 


Treatment group infection -+ s.d.)* (n =: 60) 
Sterile saline (0-2 ml) T4 4-32 60 
2:5 per cent noxythiolin 12-9-- 5.7** 42 
(0-2 ml) 
Povidone-iodine with 4-34-3.0** 60 


0-075 per cent available 
iodine (0-2 ml) 


* Group mean survival time omits animals not dying within 
36 h. 
** Significantly different from control group (P = « 0-001). 


Discussion 

There has been a growing disenchantment with anti- 
biotics amongst surgeons as more resistant organisms 
emerge and toxic and allergic reactions are en- 
countered. However, recent papers by Stewart and 
Matheson (1978a, b) reported a significant reduction 
in septic complications in appendicular peritonitis in 
children using peritoneal lavage with tetracycline and 
other antibiotics. Similar results have been achieved 
with metranidazole (Study Group, 1976), which is 
emerging as the treatment of choice in infections of 
colonic origin, where bacteroides is the most signifi- 
cant organism in residual sepsis. Other workers have 
been reinvestigating antiseptic compounds, especially 
where massive infection occurs in a body cavity, as is 
the case with peritonitis. The two main groups of 
compounds in use at the present time are the iodine 
antiseptics, where iodine is rendered water-soluble, 
stable and non-irritant by linkage to polyvinyl- 
pyrrolidone (PVP), and the formaldehyde-releasing 
compounds such as noxythiolin and taurolin. 

The results of animal studies are not always 
strictly applicable to man and are difficult to compare 
owing to the wide variety of animal models used. 
Several authors (Browne and Leslie, 1976; Comber 
et al., 1976; Gilmore et al., 1978) have put forward a 
strong case for the standardization of techniques. 
These authors have all finally selected the mouse with 
peritonitis induced by the injection of a measured 
inoculation of standard bacteria as the best model. 
However, even with this standard model, different 
results are found by different workers, and the findings 
in the present experiments are in direct contrast to 
those reported by Gilmore (1977). 
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The method in the present study was intended to 
mimic that used by Gilmore, although it is appreciated 
that injection of the test substance 1 min after the 
dose of organisms is unrealistic and bears little 
relation to the clinical situation. 

Unlike antibiotics, the quantity of antiseptic 
formaldehyde-transmitter (such as noxythiolin or 
taurolin) required depends on the number of infecting 
organisms, there being a direct relationship between 
the two. Too small a dose of antiseptic will diminish 
the infection but allow bacteria to survive to produce 
residual abscesses or infection at a later stage, while 
an effective antiseptic in adequate dosage can result 
in a massive release of endotoxin which may in itself 
be fatal. Formaldehyde-releasing compounds also 
neutralize endo- and exotoxins (Wright and McAllister, 
1967; Leslie and Pfirrman, 1978) and so should be 
administered in excess so that both their antibacterial 
and anti-endotoxin effects can be utilized. This anti- 
endotoxin property has not been demonstrated for 
povidone-iodine compounds, although PVP itself has 
some weak ability to fix toxins and allow their excre- 
tion through the kidney. 

The recommended concentration of noxythiolin is 
2-5 per cent (Browne, 1967; Stoller, 1967; Browne 
and Stoller, 1970; Leger et al., 1972; Pickard, 1972; 
Gue, 1974), and since there is a stoichoimetric 
relationship between the dose of antiseptic and the 
number of organisms present, it seems likely that the 
disparity between our results and those of Gilmore 
(1977) and Cleaver et al. (1974) is due to the fact that 
the latter workers used doses well below the 
recommended levels. The same criticism also applies 
to the results reported by Stewart and Matheson 
(1978a, b), where the dose of noxythiolin used was 
less than half the recommended level while the dose 
of tetracycline was very high. 

The injection of povidone-iodine caused discomfort 
in the injected animals and accelerated death. At 
autopsy, however, all the animals showed diffuse 
purulent peritonitis with no difference detectable 


between the groups. It is therefore not possible to 
postulate a direct toxic effect of povidone-iodine from 
these results. 


References 

BROWNE M. K. (1967) Intraperitoneal noxythiolin in faecal 
peritonitis. Clin. Trials J. 4, 673-678, 

BROWNE M. K. and LESLIE G. B. (1976) Animal models of peri- 
tonitis. Surg. Gynecol. Obstet. 143, 738-740. 

BROWNE M, K. and STOLLER J. (1970) Intraperitoneal noxythiolin 
in faecal peritonitis. Br. J. Surg. 87, 525-528. 

CLEAVER C, L. T., HOPKINS A. D., KEE KWONG K. €, N. G. et al. 
(1974) The effect of postoperative peritoneal lavage on 
survival, peritoneal wound healing and adhesion forma- 
tion following faecal peritonitis: an experimental study in 
the rat. Br. J. Surg. 61, 601—604. 

COMBER K. R., OSBORNE C. D. and SUTHERLAND R. (1976) Intra- 
peritoneal challenge. In: WILLIAMS L D. and GEDDES A. M. 
(ed.) Chemotherapy, Vol. 2. New York, Plenum. 

GILMORE O. J. A. (1977) A reappraisal of the use of antiseptics in 
surgical practice. Ann. R. Coll. Surg. Engl. 59, 93-102. 

GILMORE O. J, A., HONANG E. T., REID C. et al. (1977) Noxythiolin 
in peritonitis. Postgrad. Med. J, S4, 33-35. 

GUE S. (1974) Intraperitoneal noxythiolin in faecal and purulent 
peritonitis, Aust. NZ J. Surg. 44, 375-378. 

LEGER L., MOULLE P. and DELAITRE B. (1972) Noxythiolin 
intraperitonéale dans les —péritonités généralisées. 
Chirurgie 98, 539-542. 

LESLIE G. B. and PFIRRMAN R. w. (1978) The anti-endotoxin 
actions of taurolin. (In preparation.) 

PICKARD R. G. (1972) Treatment of peritonitis with pre- and 
postoperative irrigation of the peritoneal cavity with 
noxythiolin solution. Br. J. Surg. 59, 642-648. 

STEWART D. J. and MATHESON N. A. (1978a) Peritoneal lavage in 
appendicular peritonitis. Br. J. Surg. 65, 54-56. 

STEWART D. J. and MATHESON N. A. (1978b) Peritoneal lavage in 
faecal peritonitis in the rat. Br. J. Surg. 65, 57-59, 

STUDY GROUP (1976) Metronidazole in prevention and treat- 
ment of Bacteroides infections after appendicectomy. Br. 
Med, J. 1, 318-319. 

STOLLER J. L. (1967) Faecal peritonitis. Clin. Trials J. 4, 670-671. 

WRIGHT C. J. and MCALLISTER T. A. (1967) Protective action of 
noxythiolin in experimental endotoxaemia. Clin. Trials J. 
4, 680—681. 


Paper accepted 26.4.1978, 


Br. J. Surg. Vol. 65 (1978) 603-606 


Topical noxythiolin in colonic healing 
R. D. ROSIN, G. EXARCHAKOS, O. J. A. GILMORE AND H. ELLIS 


SUMMARY 

Rats were subjected to division and anastomosis of the 
colon just proximal to the rectum to study the healing 
of colonic anastomoses. The effect of noxythiolin irri- 
gation of the divided colon before and after anastomosis 
was investigated and compared with controls. Healing 
was assessed using five variables—macroscopic and 
microscopic inspection, bursting pressure and tensile 
strength estimations and angiography for new vessel 
formation. The study shows that noxythiolin irrigation 
of the colon in the rat significantly increases the chance 
of a sound anastomosis without interfering with healing. 
Furthermore, it inhibits the formation of adhesions. 


SINCE the earliest days of modern surgery the tech- 
niques and subsequent healing rates of intestinal 
anastomoses have been subjects of interest both in 
clinical practice and in the experimental laboratory. 
Of all gastrointestinal anastomoses, those between the 
colon and rectum have the highest complication rate. 
Abscess or fistula formation, peritonitis or death 
occur in 4-14 per cent of patients undergoing large 
bowel resection ( Debasand Thompson, 1972). Approxi- 
mately one-third of deaths from operations on the 
colon are caused by leakage of the anastomosis 
(Schrock et al., 1973). In fact, if a careful search of 
the literature is made, the anastomotic dehiscence rate 
in low anterior resections may be as high as 69 per 
cent (Goligher et al., 1970). 

Whenever the colon is divided some bacteria are 
inevitably spilled, for an aseptic bowel is unobtain- 
able irrespective of the method of preoperative prepar- 
ation (Dunphy, 1971). Abscesses may result from 
soiling at the time of operation or as a result of 
seepage of bacteria through the completed anasto- 
mosis. Experimental studies suggest the former to be 
the main cause of perianastomotic contamination and 
subsequent abscess formation (Cohn, 1968; Hawley, 
1973). The present study explores the use of a topical 
antiseptic, noxythiolin, in the prevention of sepsis due 
to soiling at operation. 


Materials and methods 


Experimental model 

Two hundred and seventy female Sprague-Dawley rats weigh- 
ing 150-220 g were used in the study. All were fed on a stan- 
dard pellet diet and starved overnight before surgery, but 
with free access to water. Under ether anaesthesia a 4-cm 
midline vertical abdominal incision was made. The distal 
colon was then gently delivered from between the fallopian 
tubes and surrounded by sterile swabs. A small window was 
made in the colonic mesentery 2 cm above the uterus and 
the colon divided. A card was then drawn randomly allocating 
the rat either to the control or to the treatment group. In the 
control group each of the divided ends of the colon was irri- 
gated with 5 ml of normal saline and in the treatment group 
with 5 ml of 2:5 per cent noxythiolin solution. A single-layer 
anastomosis was then performed with interrupted 5/0 black 
silk. sutures placed as close together as possible. The com- 
pleted anastomosis was irrigated with another 5 ml of the 
appropriate solution and gently replaced in the peritoneal 
cavity. The abdominal incision was closed in two layers. 


Assessment 

Án autopsy examination was performed on every animal. 
Colonic healing was assessed at 2, 4, 6, 8, 10, 14 and 21 davs 
after operation macroscopically, mechanically, histologically 
and angiographically. All examinations were carried out in 
ignorance of the treatment group. 

Macroscopic assessment: Twenty-four rats were studied on 
each day. The state of each anastomosis was classified as 
‘acceptable’ (healed with minimal inflammation) or ‘poor 
(marked inflammation, leakage or abscess formation). The 
number of adhesions to the anastomosis was counted and 
recorded as either 2 or less or 3 or more. 

Mechanical assessment: The bursting pressure of the anasto- 
mosis was determined in 6 rats in each group and the tensile 
strength in another 6 rats on each day, except on day 10 when 
10 rats were assessed in each group. The anastomoses were 
resected in 6-cm segments of colon having the suture line as 
the mid-point. Flimsy adhesions were gently removed before 
resection but dense adhesions were divided at a distance from 
the colon. All sutures were left undisturbed. 

The bursting pressure was measured by inflating the resected 
colon with CO, under normal saline and the pressure was 
recorded in mmHg at the first appearance of an air bubble 
(de Haan et al., 1974). The tensile strength was determined 
by adding increasing weights to the distal end of the resected 
colon and recorded in grammes when the anastomosis became 
completely disrupted (de Haan et al., 1974). 

Histological examination: Two rats in each group were assessed 
daily in ignorance of the treatment received and the results 
were checked by an independent pathologist. 

Angiography: This was similarly performed on 2 rats in each 
group on each day. Immediately following killing with ether, 
the aorta was exposed and cannulated. The splanchnic vessels 
were then washed out, injected with dilute micropaque and 
the rat immersed in formol saline for 2h. The anastomosis 
was then removed, opened, pinned out on to a cork and radio- 
graphed. A photograph of each radiograph was taken and 
enlarged to allow detailed study of new vessel formation. 


Results 

During the course of the study 8 rats (5 in the treat- 
ment group and 3 in the control group) died between 
the time of operation and assessment. Autopsy failed 
to reveal the cause of death. 


Macroscopy 
The macroscopic state of the anastomosis for each 
day of assessment is given in Table I. Reaction was 
maximal in both groups during the first postoperative 
week. Over the total 21 days of assessment there were 
eight times as many anastomoses classed as ‘poor’ in 
the control group as in the noxythiolin group, a 
difference which was highly significant (P < 0-005). 
During the course of the study only 3 frank peri- 
anastomotic abscesses occurred, all in control animals. 
The incidence of perianastomotic adhesions is also 
given in Table I. The incidence of 3 or more adhesions 
over the total 21 days of the study was significantly 
greater in the control group (P « 0-01). 


Strength measurements 
The medians of the bursting and tensile strengths of 
the anastomoses in 6 rats in each treatment group for 
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Fig. 1. Bursting strength. 
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Fig. 2. Tensile strength. 


each day of assessment are given in Figs, 1 and 2. 
The medians of the noxythiolin-treated group were 
compared with those of the control group for each 
day using the Mann-Whitney U test with a one- 
tailed significance. 


Table I: HEALING OF COLONIC ANASTOMOSIS: 
MACROSCOPIC FINDINGS 


State of 
anastomosis Adhesions 
Treatment Accept- Zor 3or 
Day group able Poor less more 

2 Control 6 6 9 3 
Noxythiolin l | li i 

4 Control 8 4 8 4 
Noxythiolin 11 l 9 3 

6 Control i4 6 1i 9 
Noxythiolin 19 l 16 4 

8 Control 9 3 8 4 
Nox ythiolin 12 — HI l 

10 Control 10 2 7 3 
Noxythiolin 12 ~~ 10 2 

14 Control 10 2 9 3 
Noxythiolin 12 — i! i 

21 Control 10 2 12 — 
Noxythiolin i2 — 12 — 

Totals Control 67 25 64 28 
Noxythiolin 89 3 80 i2 


y? = 19:28; P« 0-005. y? 7:19; P001. 


The bursting pressure remained low in both groups 
during the first 4 days before rapidly increasing over 
the next 48 h. Thereafter there was little change. The 
only significant difference was reached on day 4 when 
the anastomoses in the noxythiolin group were 
stronger (P « 0-025). 

In both groups the tensile strength fell between the 
second and fourth days before rapidly increasing. 
Statistically significant differences were present be- 
tween the two groups on day 10 when anastomoses 
in the noxythiolin group were found to be stronger 
(P«0-025) and on day 14 when this was reversed 
and those in the controls were stronger (P 0-05). 


Histology 

An acute inflammatory response characterized by 
oedema and polymorphonuclear cell infiltration was 
clearly visible in all anastomoses on the second day 
and was more marked in all the rats irrigated with 
noxythiolin. By day 4 this response was less marked. 
From day 8 onwards there was less inflammation and 
necrotic tissue visible in the noxythiolin group than 
in the controls, which at this stage all showed micro- 
scopic abscess formation. These abscesses occurred 
around the sutures but cannot be explained by simple 
reaction to the material in view of the difference in 
the treated and control groups. By 2 weeks the groups 
were indistinguishable. 


Angiography 

New vessels were visible from 48 h in all anastomoses 
(Fig. 3) and up to 96h their formation was more 
advanced in the control group (Fig. 4). Thereafter, 
allowing for the fact that filling of the vessels with 
contrast medium was not always equal, there was no 
apparent difference between the two groups. The one 
striking finding was that in those anastomoses classi- 
fied as ‘poor’ there were increased vascular ingrowths 
along the adhesions. 


Discussion 

The division and anastomosis of the colon just prox- 
imal to the rectum in the rat offers a reliable, repro- 
ducible experimental model for the study of the 
healing of a colonic anastomosis. A single-layer 
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Fig. 3. Angiogram of an anastomosis on day 2, showing 
a plethora of new vessels adjacent to the anastomosis. 


everting suture was used, although this is now dis- 
credited in clinical practice, as it was felt that the 
chance of implantation of organisms would be greater. 
If, therefore, a local antiseptic could protect against 
complications in this model, it would be excellent 
proof of its value. 

Measurement of the tensile strength of anastomoses 
is open to criticism in that the integrity of any anasto- 
mosis may not depend necessarily upon the tensile 
strength. Therefore the bursting pressures were also 
measured to test the integrity of the anastomoses, and 
consistent results were obtained for both measure- 
ments. The only significant difference was reached on 
day 4 when the anastomoses in the noxythiolin group 
were stronger (P<0Q-025). However, as there was no 
significant difference on the other 6 days one cannot 
claim any real improvement in bursting strength 
using noxythiolin. The significant differences in the 
tensile strength on days 10 and 14 could be explained 
by a variable latency in difference of the tensile 
strength after the eighth day. The overall impression 
must be that there is neither any improvement nor 
any detrimental effect when using noxythiolin. 

This study has shown that noxythiolin irrigation of 
the cut ends of the colon in the rat improves the 
chance of a good anastomosis, does not interfere with 
its strength and prevents the formation of adhesions. 
These are important findings in view of the potential 
value of this antiseptic in clinical practice. 

Intraperitoneal lavage with noxythiolin for faecal 
peritonitis has been shown to be clinically effective 
(Browne and Stoller, 1970; Pickard, 1972). In one 
experiment noxythiolin was said significantly to in- 
crease the mortality when used in rabbits with peri- 
tonitis (King et al., 1975). These findings are specu- 
lative, however, as no significant blood levels could 
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Fig. 4. Angiogram of an anastomosis on day 4. There 
is an increased vascularity at the site of the anastomosis 
and new vessels can be seen crossing it. 


be detected following instillation of 2:5 per cent 
noxythiolin. On account of this it was thought that 
noxythiolin might be useful as a colonic lavage as it 
would remain free of systemic side effects at this 
concentration. 

Many factors influence anastomotic healing and 
these include implantation of bacteria at the anasto- 
mosis. Preoperative bowel preparation, both mech- 
anical and antimicrobial, is obviously important and 
has been studied extensively. It has been shown, how- 
ever, that the colon can never be made ‘bacteria-free’. 
Most surgeons use some type of lavage, with a variety 
of antiseptic or cytotoxic solutions, in an attempt to 
clean the cut ends of the colon before anastomosis. 
The effect of noxythiolin was studied because it is 
effective in vitro against all micro-organisms, includ- 
ing those that are completely resistant to other anti- 
bacterial agents (Horsefield, 1967). In addition, it is an 
antiseptic of low toxicity used widely in clinical practice. 

Our histology specimens showed far less inflam- 
mation at the site of the anastomosis after irrigation 
with noxythiolin which must be due to prevention of 
implantation of organisms at the time of surgery. 
The increased tissue reaction seen in rat colonic 
anastomoses in one study (Munday and McGinn, 1976) 
was thought to be due to contamination of the suture 
tracts with organisms from the bowel lumen at the 
time of surgery. As little reaction was seen histologic- 
ally in our study we conclude that this undesirable 
side effect was eliminated and that this must be attri- 
buted to the effect of the noxythiolin rather than 
merely to mechanical cleansing as there were signi- 
ficantly more ‘poor’ anastomoses with inflammation 
among the control animals. Unfortunately we were 
unable to devise a method to prove this bacterio- 
logically. 
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Our finding that there were fewer adhesions fol- 
lowing the use of noxythiolin has also been demon- 
strated experimentally by others (Tolhurst Cleaver 
et al., 1974; Gilmore and Reid, 1976). This lack of 
adhesions did not impair healing, as was confirmed 
by our angiographic studies, Adhesions are said to 
act as vascular ingrowths into the damaged tissue 
which is always present at the anastomotic line and 
to help maintain circulation during the early days of 
wound healing (Ellis, 1976). This too was substan- 
tiated by our angiographic studies, as in those anasto- 
moses where there had been complications, such as 
leakage or marked inflammation, vessels were seen to 
enter along the adhesions. It would appear that 
adhesions are only induced when there is poor heal- 
ing, and this was rarely the case in those anastomoses 
irrigated with noxythiolin. Browne and Stoller (1970) 
were pleased to find no adhesions following noxy- 
thiolin lavage when reoperating on patients who had 
recovered from faecal peritonitis. This has also been 
the finding of one of the authors (R. D. R.), who has 
used noxythiolin lavage for faecal peritonitis routinely 
over the past 7 years. 

Our experiments have shown that the use of topical 
noxythiolin before and following colonic anastomosis 
in the rat increases the chance of a good anastomosis, 
inhibits formation of adhesions and is not detrimental 
to the strength of the anastomosis. Povidone-iodine 
used in a similar manner improved colonic anasto- 
motic healing but did not reduce adhesions (Gilmore 
et al, 1978). We conclude that there may well be a 
place in clinical practice for local irrigation of the 
colon with noxythiolin at the line of anastomosis to 
reduce local sepsis and thereby improve healing. 
However, this should in no way replace the need for 
a careful, inverting anastomotic technique. 
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Excluded loop syndrome: a complication of 


jejuno-ileal bypass for obesity 
RICHARD B. RUBENSTEIN AND NABOTH MBAWA* 


SUMMARY 

Excluded loop syndrome may develop in patients who 
undergo jejuno-ileal bypass surgery with the excluded 
small intestine drained via an ileosigmoidostomy. A 
unique case of a morbidly obese male who underwent 
the procedure while on methadone maintenance 
therapy is presented. The major factor in the develop- 
ment of this disorder appears to be the high intraluminal 
pressures within the sigmoid colon which prevent 
adequate egress from the excluded loop. Narcotic 
medications tend to induce or intensify the syndrome. 


JEJUNO-ILEAL bypass procedures for morbid obesity 
are being performed despite the high incidence of a 
multitude of complications. When jejuno-ileal bypass 
is accompanied by ileosigmoidostomy, a newly 
identified complication that we term the ‘excluded 
loop syndrome’ may develop. This condition was 
originally described by Passaro et al. (1976) as ‘bypass 
enteritis’. The syndrome presents within several weeks 
following bypass and is characterized by diffuse 
crampy abdominal pain and tenderness, abdominal 
distension and rapid weight loss associated with severe 
diarrhoea and flatulence. Radiologically, the persist- 
ing abnormality is manifested by massive gaseous 
dilatation of the excluded small bowel without air-fluid 
levels. In addition, as will be shown by this report, the 
excluded loop syndrome may progress to gangrene 
with sepsis or to pneumatosis cystoides intestinalis. 


Case report 

A 45-year-old Negro male, 2 m 15 cm (6 ft 4 in) tall, weighing 
184:5 kg, underwent medical, surgical and psychiatric evalua- 
tion leading to a recommendation to perform an intestinal 
bypass procedure. In conjunction with his morbid obesity, the 
patient had recently developed diabetes mellitus and hyper- 
tension. He had had a 10-year history of heroin addiction but 
had been controlled by methadone maintenance therapy 
(100 mg per day) for 2 years. This methadone therapy has 
been continued to the present, during which time he has not 
used other narcotics. 

In March 1974 he underwent a jejuno-ileal bypass procedure 
(Scott et al., 1971), utilizing 30 cm of jejunum and 20 cm of 
terminal ileum (Fig. 1). The excluded small bowel was drained 
via an end-to-side ileosigmoidostomy. The initial postoperative 
recovery was satisfactory. One month postoperatively he 
complained of severe daily abdominal cramps which were 
partially relieved by the passage of flatus. This chronically 
persistent condition was associated with abdominal distension, 
foul-smelling stool and radiological evidence of excluded loop 
obstruction. 

Significantly, there was no electrolyte abnormality or fever. 
His weight reduction was rapid and by August 1974 (6 months 
postoperatively) he had lost 63 kg. At this time the patient 
presented with a history of worsening abdominal cramps and on 
examination was febrile (39-4 °C) with acute abdominal signs. 
An emergency laparotomy was performed, revealing the entire 
excluded small bowel to be markedly distended. Additionally, 
a 50-cm segment of gangrenous excluded bowel, beginning 
20 cm proximal to the widely patent ileosigmoidostomy, was 
resected. There was no evidence to suggest volvulus as the 
aetiology; pathologically, the resected specimen revealed 
haemorrhagic infarction. The patient’s recovery was uneventful. 
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Fig. 1. Diagrammatic representation of the jejuno-ileal 
bypass procedure. 


Fig. 2. The excluded segment of small bowel, revealing 
distension, thickening of the wall and pneumatosis cystoides 
intestinalis. 


However, his symptoms of chronic abdominal pain with 
persistent excluded bowel distension were unremitting. There- 
fore, in April 1975, at a weight of 99 kg (a loss of 85-5 kg since 
the bypass), gastrointestinal continuity was re-established. At 
this time, the entire excluded bowel was noted to be even more 
distended than it had been at the previous procedure. 
Additionally, there was universal pneumatosis cystoides 
intestinalis of the excluded small bowel (Fig. 2). 
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Following re-establishment of bowel continuity, the patient 
has been asymptomatic, although he has progressively gained 
weight. 


Discussion 

The ‘excluded loop syndrome’ in bypass surgery for 
morbid obesity occurs almost exclusively in associa- 
tion with an ileosigmoidostomy. This entity differs 
from colonic pseudo-obstruction associated with 
jejuno-ileal bypass as reported by Barry et al. (1975). 
It has been suggested that bacterial overgrowth within 
the excluded small bowel is the aetiological basis of 
the syndrome (Drenick, 1976). Another theory 
suggests that mechanical obstruction at the ileo- 
sigmoidostomy is caused by sigmoid volvulus, 
although only 3 cases consistent with such a mech- 
anism have been reported (Menguy, 1976; Sanders, 
1977). 

Our current knowledge of the physiology of the 
sigmoid colon suggests that the aetiological factor in 
the ‘excluded loop syndrome’ is the increased intra- 
luminal pressure in this segment of the colon (Martyak 
and Curtis, 1976). Painter et al. (1965) have exten- 
sively studied the pressures of the sigmoid colon both 
in normal subjects and in those with diverticulosis. 
They observed that the sigmoid colon has a seg- 
mentation phenomenon whereby circular contractions 
demarcate a portion of the colon both distally and 
proximally. Local and high intraluminal pressures are 
achieved by contraction of the involved colonic wall so 
that even retrograde propulsion of the colonic contents 
has been observed. In normal subjects as well as in 
those with diverticulosis, administration of morphine 
and Prostigmin exaggerates the pressure patterns in 
the sigmoid colon (Painter and Truelove, 1964). 

These observations imply that increased pressures 
in the sigmoid colon will impede emptying of the 
excluded loop when it is drained via an ileosigmoid- 
ostomy, thus initiating the syndrome. Since the 
segmentation is unique to the sigmoid colon, this 
phenomenon has been reported to occur only in 
association with ileosigmoidostomies. Furthermore, 
the anal sphincter acts as a mechanical obstruction. 
Because of the close proximity of this obstructing 
mechanism to the ileosigmoid anastomosis, the recto- 
sigmoid pressure is transmitted into the proximally 
excluded small intestine. The importance of this 
mechanism seems to be confirmed clinically by the 
relief of crampy abdominal pain immediately follow- 
ing the expulsion of flatus. 

To our knowledge, this is the only reported patient 
on methadone maintenance therapy upon whom a 


bypass procedure has been performed. Passaro et al. 
(1976) noted that ‘bypass enteritis’ tends to be 
accentuated in patients who have been given narcotic 
medications for the relief of pain. This observation, 
together with the known pharmacological effect of 
narcotics on the intraluminal pressure in the sigmoid 
colon, as well as its spastic effect on the small intestine 
(Daniel et al, 1959), suggests that the pressure 
patterns, augmented in intensity by methadone, were 
responsible for initiating and maintaining the 
‘excluded loop syndrome’ in our patient. Therefore, 
we recommend that ileosigmoidostomy for drainage 
of the excluded small intestine should be avoided, 
especially with regard to those patients on methadone 
maintenance. Such patients may be more susceptible 
to this disorder, and even if the excluded intestine 
were drained into the caecum or transverse colon, the 
same problem might arise. 
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Early results with human umbilical cord vein 


allografts for haemodialysis 
R. C. KESTER* 


SUMMARY 

Six patients requiring intermittent haemodialysis for 
chronic renal failure underwent construction of an 
arteriovenous fistula using modified human umbilical 
cord vein allografts. Three grafts soon showed degenera- 
tite changes and were removed—2 thrombosed and 1 
became infected. Satisfactory haemodialysis was 
achieved with the remaining 3 grafts. Two grafts are 
currently patent at 9-5 and If months respectively, 
while another graft became aneurysmal after 8 months, 
requiring its removal. 


SINCE the introduction of long term haemodialysis for 
the treatment of chronic renal failure (Quinton et al., 
1960), there have been numerous developments aimed 
at improving access to the bloodstream. Mainstays of 
vascular access are the external arteriovenous shunt 
(Quinton et al., 1960) and the internal arteriovenous 
fistula (Brescia et al, 1966). When such primary 
procedures fail, secondary operations are employed, 
which include the insertion of arteriovenous grafts, 
e.g. modified bovine carotid artery (Merickel et al., 
1974), saphenous vein (Morgan and Lazarus, 1975) 
and Dacron velour (Levowitz et al., 1976). Insertion 
of these arteriovenous grafts has not met with complete 
success because of complications such as thrombosis, 
infection and aneurysm formation. In the further 
search for an improved vascular replacement, human 
umbilical cord vein allograft (HUCVAG) has been 
considered. It has the desirable qualities of being 
intimal-lined, unbranched, valveless and available in 
unlimited quantities (Mindich et al, 1975). This 
report describes early experiences with HUCVAG 
placed as an arteriovenous fistula in 6 patients 
requiring intermittent haemodialysis, 


Patients and methods 

All 6 patients (3 male and 3 female) had end-stage renal disease 
(Table I). They were aged between 25 and 54 years with a mean 
age of 42. 'The cause of renal failure was chronic glomerulo- 
nephritis (3 patients), bilateral hydronephrosis (2 patients) and 
polycystic kidneys (1 patient). The duration of treatment by 
haemodialysis in 5 patients, from the time of their initial 
vascular access operation to placement of the HUCVAG, 
varied from 2 to 14 months. The remaining patient was 
supported by intermittent peritoneal dialysis for 2 months 
before surgery. The medical and surgical team judged these 
patients to be bankrupt of suitable sites for a Cimino- Brescia 
arteriovenous fistula (Brescia et al., 1966) and to be in urgent 
need of a subcutaneous prosthetic conduit. The 6 grafts were 
all inserted during a period of 3 months commencing in 
August 1976. 

After removal from its container, the graft (Fig. 1) was 
washed thoroughly in at least six changes of normal saline and 
then immersed in heparinized saline before insertion. 

A standard surgical technique was used. Under general or 
epidural anaesthesia a HUCVAG (Gene-Tec Scientific Ltd) of 
about 6 mm internal diameter was anastomosed end to side to 
the common femoral artery. The graft was tunnelled sub- 
cutaneously down the front of the thigh in a ‘hockey stick’ 
configuration. The distal end of the graft was anastomosed end 
to side to the superficial femoral vein at the lower end of 
Hunter's canal in 4 instances and end to end to the long 


Table I: CLINICAL DETAILS OF 6 PATIENTS 
RECEIVING HUCVAG FOR HAEMODIALYSIS 


No. of 
previous — Blood 
Case Age ACCESS pressure 
no. (yr) Sex Renal disease operations (mmHg) 
1 38 F Bilateral Q 190/110 
hydronephrosis 
2 54 M Bilateral 2 120/70 
hydronephrosis 
3 531 M  Polycystic kidneys 3 160/110 
4 3| M Chronic 130/80 
glomerulonephritis 
5 51] F Chronic 4 150/70 
glomerulonephritis 
6 25 F Chronic 3 210/110 
glomerulonephritis 
Table If: SUMMARY OF CHARACTERISTICS, 
FUNCTION AND RESULTS OF HUCVAG 
ARTERIOVENOUS FISTULAS FOR 
HAEMODIALYSIS 
Graft Blood No.of Graft 
Case configura- flow dialysis patency 
no. tion (ml/min) sessions (mth) Outcome 
| CFA-SFV _ 0 5 Infection, 
removed 
2 CFA-LSV 200 72 9-5 Patent 
3. CFA-SFV 425 3 2-5 Thrombosis, 
removed 
4  CFA-LSV 625 130 ji Patent 
5. CFA-PV — l l Thrombosis, 
removed 
6  CFA-SFV 550 84 8 Aneurysmal, 
removed 











CFA, Common femoral artery; PV, popliteal vein; 
SFV, superficial femoral vein; LSV, long saphenous vein. 


saphenous vein in the lower thigh in the 2 other cases, because 
this vessel was found to be particularly wide (Table i). 

A continuous 5/0 Prolene suture (Ethicon Ltd) was used and 
careful attention was paid to avoid kinking or twisting of the 
graft. The grafts proved to be fairly rigid, and there was an 
occasional tendency for the firm intima to separate from the 
overlying structure during suturing. Blood flow through the 
grafts was measured by an electromagnetic flowmeter (SE 
Labs) and was seen to range between 200 and 625 ml/min, with 
a mean of 450 ml/min (Table II). Postoperatively, all patients 
were given prophylactic antibiotics during the first week and a 
regimen of soluble aspirin 300 mg daily and dipyridamole 
25 mg four times a day was commenced. A minium of 3 weeks 
was allowed for sound healing of the surgical wounds before 
the HUCVAG was needled for haemodialysis. 


Results 

The functional results of each HUCVAG are 
summarized in Table JI. Although all 6 patients were 
being trained for home dialysis, only 3 achieved this 
goal; the other 4 patients underwent eventual removal 
of the HUCVAG for reasons given below. 
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Fig. 1. a, A length of human umbilical cord vein allograft. 
b, View of the end of the graft. 


Case 1: Persistent sepsis accompanied by recurrent episodes of 
cellulitis along the length of the graft prevented its use for 
haemodialysis. Although the graft remained patent for 5 
months, it eventually had to be removed when brisk bleeding 
took place from a false aneurysm at its venous end. 

Case 3: The HUCVAG thrombosed following the third session 
of haemodialysis, during which the patient experienced a 
pronounced period of hypotension. Thrombectomy was 
attempted but the graft was too degenerative to salvage. 
Case 5: The graft thrombosed following the first dialysis 
session. Surgical revision was unsuccessful and the graft was 
excised. 

Case 6: After 8 months of satisfactory haemodialysis, the 
pressure at the venous end of the HUCVAG became too high 
to permit an adequate venous return from the artificial kidney 
machine. The patient’s blood pressure on this occasion 
remained at 200/100 mmHg. The graft was partially ligated at 
its midpoint to produce a pressure drop of 60 mmHg between 
the arterial and venous ends of the graft. Ten days later the 
upper length of the graft developed two large, tender aneurysms 
and the graft was immediately removed to prevent rupture. 


In Cases 2 and 4 the HUCVAG has remained 
patent and trouble-free, so that intermittent haemo- 
dialysis proceeds satisfactorily at home. It is an 
interesting feature that both these patients had a 
blood pressure of 130/80 mmHg or less, and that the 
4 patients whose grafts became degenerative all had 
blood pressures in excess of that level. 


Discussion 
Early implants of untreated heterologous umbilical 
cord were complicated by aneurysm formation, 
thrombosis and graft failure that were attributed to 
rejection by the host (Anzola et al., 1951; Nabseth 
et al., 1960). Umbilical cord vein allografts were 
subsequently modified by sequential treatment with 
95 per cent ethanol and 1-3 per cent dialdehyde starch. 
These grafts have qualities of increased tensile 
strength and low thrombotic potential and are 
incapable of stimulating significant immunological 
rejection (Mindich et al., 1975, 1977). The chemical 
processing denatures and dehydrates the Wharton's 
jelly component of the graft and, in addition, the 
dialdehyde solution cross-links the proteins in the 
graft, thereby greatly increasing its tensile strength. 
Preliminary reports on the early patency rates of 
human umbilical cord vein grafts implanted for 
femoropopliteal bypass or haemodialysis have been 
favourable (Mindich et al., 1975, 1977). Since the 
untreated grafts are prone to aneurysm formation 
when subjected to arterial pressure, Dardik et al. 
(1976) have strengthened the gluteraldehyde-treated 
graft by surrounding it with a polyester mesh. In 
Dardik's series of 8 grafts inserted in patients having 





b 


arterial bypass surgery, 6 of the grafts thrombosed in 
the early postoperative period and thrombectomy 
achieved successful patency in only 3. 

In the present study of a small group, 4 of the grafts 
thrombosed at varying intervals, and it may be that 
brief periods of hypotension during haemodialysis 
contributed to this complication. The presence of 
sepsis along the track of the graft is serious as it must 
contribute to autolysis and degeneration of the non- 
viable biological conduit. Insertion of an umbilical 
cord vein graft into a hypertensive patient may cause 
degenerative disease of the graft, and it would be 
interesting to see whether strengthening the graft with 
a polyester mesh jacket prevents this complication in 
the hypertensive patient with chronic renal failure. 
Since the cost of these grafts is considerable at about 
£8 per centimetre, studies comparing the efficacy of 
modified HUCVAG with that of other types of 
vascular replacement are much needed. 
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Post-amputation pneumatic walking aid 
R: G: REDHEAD, B. C. DAVIS, K. P. ROBINSON AND M. VITALI 


SUMMARY 

A pneumatic walking training aid is described that has 
been developed by the Biomechanical Research and 
Development Unit, Roehampton, from the original 
design by Little. The new design has been used in the 
management of 87 amputations, including 44 patients 
over the age of 70. Ninety-four per cent of these patients 
were rehabilitated to walking independently on a pylon 
or prosthesis. 


LirrLE, in 1971, described an early walking device 
which he designed around a pneumatic air splint as a 
form of temporary socket using a metal frame and a 
prosthetic foot. This device can be applied to the 
stump at operation and used until a first factory-made 
prosthesis is supplied. In this report a modified 
pneumatic walking aid is described which has been 
used in the early postoperative period until the stump 
is stable and ready for a factory-made prosthesis. 


Materials and methods 

The apparatus designed by Little (1971) consisted of a single 
compartment pneumatic sleeve extending from the groin to 
below the amputation stump. It was enclosed by a tubular 
frame cage, having at its lower end an extension piece to a 
solid ankle cushion heel (SACH) foot. Following initial use of 
one such device, kindly loaned by Little to the Biomechanical 
Research and Development Unit, Roehampton, the structure 
was modified to provide greater stability of the stump within 
the pneumatic sleeve and to give improved end support. The 
stability was improved by dividing the air space in the sleeve 
into anterior and posterior compartments which communi- 
cated with each other via a small transfer port. Improved end 
support was achieved by using a small subsidiary air bag 
placed in the lower part of the main pneumatic sleeve and 
invaginated on itself to support the end of the stump (Fig. 1). 
Simple webbing slings support the distal end of the pneumatic 





Fig. 1. The component parts of the pneumatic walking aid 
showing the frame with rocker foot and Velcro straps on the 
left, the outer inflatable bag above the lower end bag in the 
centre and on the right a Lilo foot pump with pressure gauge. 





Fig. 2. The assembled prosthesis showing the Velcro straps 
which allow adjustment of the height of the pneumatic bag 
within the frame. 





Fig. 3. Three patients with recent amputations using à 
pneumatic walking aid in the Roehampton Limb Centre. 
The patient on the left has a below-knee amputation, the 
patient in the middle has an above-knee amputation and the 
patient on the right has a through-knee amputation. 





* R. G. Redhead, B. C. Davis and M. Vitali, The Limb Fitting 
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sleeve in the supporting frame and allow adjustments in length 
to be made (Fig. 2), The Roehampton version has a simplified 
support frame with a padded safety ring at the upper end and a 
simple rocker in place of the SACH foot at the distal end. The 
commercially produced version is constructed entirely in metal. 

This apparatus is suitable for patients of widely differing 
build. Although we have restricted its use initially to patients 
with through-knee and below-knee amputations, a modified 
version is currently used for above-knee amputees (Fig. 3). 

To applv the walking aid the patient is seated between 
parallel bars with his stump extended in front of him. The 
small end-support air bag is positioned over the distal end of 
the stump and held in position as the long pneumatic sleeve is 
pulled over this and up to the groin. The frame of the pros- 
thesis is then passed over the pneumatic sleeve and held in 
place until inflation is complete. 

The end-support bag is partially inflated, then the main air 
bag is inflated to a pressure of 40 mmHg using a simple Lilo 
pump and the pressure indicated by a sphygmomanometer 
aneroid gauge. The gauge and pump are removed and the 
inflaung tube is sealed off by a spigot. The patient can then 
stand so that minor adjustments can be made, and is then able 
to walk with a stiff knee gait. When the patient bears weight on 
the socket the air pressure in both bags will rise to 60 mmHg 
or more. 

The apparatus can be worn continuously for a period of 2h 
and can be applied as many times as necessary in the course of 
a single day (two periods a day is usual in the course of normal 
rehabilitation). However, when commencing exercise on the 
sixth postoperative day or at any time before complete wound 
healing, the air bags are inflated for periods of 5-10 min only 
during the first day of use to ensure that there are no ill effects; 
thereafter the time is increased to as much as 2h without 
release of pressure. The appliance is a walking training aid and 
is intended for use by the patient only under the supervision of 
trained staff, 


Results 

The pneumatic walking aid has been used in the 
management of 87 lower limb amputations in 85 
patients of mean age 67 years (range 21—94 years). In 
6 patients the amputation was of the second leg and 2 
patients required bilateral amputations. The patients 
were not selected and provided that they could stand 
with assistance, the pneumatic walking aid was used 
as a trial of their ability. 

Two patients died during the course of rehabilita- 
tion from causes unrelated to the use of the prosthesis 
(ages 73 and 75). Two patients developed hemiplegias; 
one continued to use a prosthesis while the other 
became a wheelchair user. One 89-year-old patient 
had her rehabilitation deferred after an episode of 
intestinal obstruction. 

One hemiplegic patient failed the trial and used a 
wheelchair, as did one 94-year-old patient. One tall 
(6 ft 2 in, 1-88 m) patient with a bilateral amputation 
found the pneumatic prosthesis unstable and used an 
orthodox rigid pylon. 

All the remaining 80 patients (94 per cent) were 
walking independently with a pylon or prosthesis at 
the time of their discharge. One bilateral amputee and 
2 patients aged 94 were using a walking frame. 

No complications were recorded from pressure 
damage to the stump; several patients fell but the 
pneumatic aid acted as a protection to the stump. 

Use of the pneumatic aid was commenced from the 
sixth postoperative day, but owing to delayed wound 
healing in some patients the mean time to its first use 
was 17 days (range 6-55 days) The permanent 
prosthesis was supplied as soon as the healed stump 
showed no volume changes; this was at an average of 
40 days postoperatively (range 15-112 days). 


Discussion 

Although a long pneumatic splint can be used as a 
walking aid and is commercially available (Jobst), 
stability is a problem, and the addition of the outer 
frame by Little represented a significant improvement 
(Little et al., 1972). 

Little has reported the use of his pneumatic walking 
aid in a similar group of 50 patients, 85 per cent of 
whom became permanent limb users. Little has also 
used the pneumatic splint as an alternative to the 
plaster socket fitted at the conclusion of the amputa- 
tion operation (IPOF) (Little, 1974). Our experience 
is that it is easier to manage the surgical wound and 
suction drains if the pneumatic sleeve has not yet 
been applied and we have preferred to commence its 
use for periods of walking training from the sixth 
postoperative day, whenever possible. 

The advantage of a pneumatic walking training aid 
is that it is an inexpensive piece of equipment that can 
be kept for immediate availability and can be used in 
the management of several patients. While it is being 
worn it provides protection for the healing stump. 
The overall contact and pressure of 40/60 mmHg 
reduces oedema and hastens the shaping and 
maturation of the stump as venous return is facilitated. 
General and specific muscle work is being used and, 
most importantly, the early resumption of a standing 
posture and the commencement of walking prevent 
deterioration of postural reflexes, which can happen 
in spite of intensive physiotherapy if the patient 
remains bedfast or chairbound. Devas, in a study of 
162 patients having surgical amputations, mainly for 
vascular disease, identified the need for an early 
walking aid which could be used within a week or two 
of surgery (Devas, 1971). While he was able to 
provide this by using a home-made socket and second- 
hand parts from discarded prosthetic limbs, it is 
clearly preferable to have a simple device available in 
all hospital physiotherapy departments which can be 
used over and over again for many patients during 
their rehabilitation. The reaction of the patients to 
this apparatus has been favourable throughout and 
there is little doubt that a number of patients have 
been able to walk independently through its use who 
would otherwise have had to accept a wheelchair 
existence. Most find the gentle pressure comfortable 
and discomfort in the stump is often eased. Objectively, 
it appears that oedema is reduced, wound healing is 
not impaired and volume change in the stump limited, 
permitting the socket to be made at an early stage. 

No selection of patients using the appliance was 
made, apart from the identification of patients with 
multiple disabilities who had been immobile before 
the amputation. Several of these used the pneumatic 
walking aid as a trial and all but one demonstrated 
that, against prediction, they could be considered for 
a prosthesis. 
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Popliteal artery entrapment syndrome: a case report 
K. INADA, M. HIROSE, Y. IWASHIMA AND K. MATSUMOTO* 


SUMMARY 

A rare case of bilateral popliteal artery entrapment 
syndrome is reported. Pathological changes of the 
occluded lesion in this anomaly were investigated in 8 
other cases. Abnormal longitudinal muscle in the media 
was noted in all. Development of these muscle bundles 
was considered to be due to chronic trauma inflicted by 
pressure on the arterial wall. Its significance is empha- 
sized to assist in differentiation from other chronic 
arterial occlusive disease. 


POPLITEAL artery entrapment syndrome is a relatively 
rare afiomaly. Approximately 40 cases have been 
reported in Western literature (Biemans and van 
Bockel, 1977) and 10 in Japanese reports. We have 
encountered 3 cases of this syndrome during the past 
9 years among some 200 cases with chronic arterial 
occlusive disease of the lower extremity. 

This paper reports a rare bilateral case and gives 
the results of histological studies of the occluded 
segment in this condition. Attention is drawn to the 
differential diagnosis from Buerger's disease. 


Case report 

A 5l-year-old man complained of coldness of both feet and 
intermittent claudication on walking 500 m. On physical 
examination there was neither muscle atrophy nor discoloration 
in either leg. All arterial pulsations were palpable except the 
pedal pulses in the right leg. 

Femoral arteriography revealed medial deviation and 
stenosis of the popliteal artery bilaterally (Figs. 1, 2). Bilateral 
popliteal artery entrapment by an abnormal medial head of 
the gastrocnemius muscle was confirmed at operation. 
Division of the abnormal medial head restored good circula- 
tion in the right popliteal artery, which was patent despite 
moderate thickening of the arterial wall. However, vein patch 
grafting was necessary to enlarge the lumen in the left artery, 
which was markedly narrowed by thickened intima. Symptoms 
were completely relieved after operation, although there was 
no change in the peripheral pulsations of both legs. Follow-up 
study revealed no limitation in the patient’s activity after 
l year. 


Histology 

Histological studies were performed on an occluded segment 
of popliteal artery from 8 cases. The specimens were obtained 
at the time of popliteal reconstruction. The operations were 
carried out at several institutions throughout Japan and the 
specimens sent to us for investigation. Table J summarizes 
the clinical data and Table II shows the histological changes 
observed in each case. 

The arterial lumen was obliterated with organized thrombus 
accompanied by fine recanalization in 5 and with fresh thrombus 
in 2 cases, while it was markedly narrowed by organized 
thrombus in one. The intima was prominently thickened and 
elastic fibres were increased in the cases with organized 
thrombus (Fig. 3). Various changes, such as elongation, dis- 
ruption and disappearance, were found in the internal elastica 
in these cases (Fig. 4). 

There was no inflammatory cell infiltration in the media. The 
thickness of the media was abnormal in the area and there were 
abnormal bundles of longitudinal muscle inside a normal 
layer of circular muscle (Fig. 5). This pattern extended over 
one-sixth to one-half of the circumference of the arterial wall. 
Destruction of the media was prominent in 2 cases and 
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Fig. 1. Fig. 2. 

Fig. 1. Right femoral arteriogram showing medial deviation 
of the popliteal artery and diffuse narrowing of the anterior 
tibial artery (arrow). 


Fig. 2. Left femoral arteriogram showing medial deviation 
and stenosis of the popliteal artery. 





Fig. 3. Case 4. Histological section showing organized 
thrombus and disruption of internal elastic membrane. 
(HE. x 30.) 





* First Surgical Division of Gifu University School of Medicine, 
Gifu, Japan. 
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aneurysmal dilatation was found in one instance (Fig. 6). 
Minimal changes, such as fibrosis in the adventitia, were also 
observed. 


Discussion 
Various types of anatomical abnormality can cause 
popliteal artery entrapment, although compression by 
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Fig. 5. Case 7. Histological section showing thickened intima 
and well-developed longitudinal muscle (arrows) inside 
circular muscle. (HE. x 30.) 
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Fig. 4. Case 4. Histological section showing organized Fig. 6. Case 2. Histological section showing aneurysmal 


thrombus with recanalization and longitudinal dilatation of the arterial wall. The lumen was obliterated 
muscle (arrows) inside circular muscle. (HE. x 44.) with organized and fresh thrombus (VG. x 12:5.) 


Table I. SUMMARY OF CLINICAL DATA FOR 8 CASES 


Patency of 
Age Affected popliteal 
Case (yr) Sex Symptoms side artery Treatment 
l 17 F Coldness of R foot and R Occlusion Right LS, vein bypass graft 
pain on walking 
2 21 M | R Occlusion Vein graft 
3 16 M IC L Occlusion TEA 
4 23 F IC L Occlusion Vein graft 
5 46 M IC (500 m) L Occlusion Division of muscle, vein graft 
6 34 M IC (350 m) L Occlusion Division of muscle, vein graft 
7 16 M n R Occlusion Vein graft 
8 17 M IC (50 m) R Stenosis Division of muscle, TEA, vein patch 


IC, Intermittent claudication; TEA, thromboendarterectomy ; LS, lumbar sympathectomy. 


Table II. SUMMARY OF HISTOLOGICAL CHANGES SEEN IN 8 CASES 











Intima Internal Media Adventia 
Fibrous elastica Longitudinal Cell 
Case Arterial lumen thickening Disruption muscle Destruction Fibrosis infiltration 

1 Occluded with fresh + +F ++ = F = 
thrombus 

2 Occluded with fresh + -- +++ 4.4 _ = 
thrombus 

3 Organized thrombus +++ Tu ++ — + i 

E Organized thrombus TP T TF + T = 

5 Organized thrombus + ah afe des xb ks 

6 Organized thrombus + zu + +++ dex ih 

(aneurysm) 
7 Organized thrombus + + 449 disais d. Fr. 
Stenosis de + $ WS a d 


an abnormal medial head of the gastrocnemius 
muscle is the most common. Few pathological studies 
have been made on the affected segment of the 
popliteal artery in this syndrome and histological 
findings have not been reported or only a brief 
mention of thrombosis has been made in the majority 
of reported cases. 

It should be emphasized that abnormal bundles of 
longitudinal muscle were found inside normal circular 
muscles in all the cases in our study. Dible (1966) 
described similar anomalous longitudinal muscle 
bundles in a pathological study of a resected segment 
of the occluded left popliteal artery in a 15-year-old 
boy who complained of intermittent claudication in 
the left calf of 18 months' duration. Dible did not 
mention the popliteal artery entrapment syndrome; 
he thought this abnormal muscle structure was a 
congenital anomaly, since the boy had pes equino- 
varus of the same leg. However, we considered this 
case to be an example of this syndrome. 

We have found similar abnormal longitudinal 
muscle in an occluded segment of popliteal artery 
from a case of Buerger’s disease. However, these 
fibres were few, while in the popliteal artery entrap- 
ment syndrome they are abundant. 

A similar abnormal longitudinal muscle layer is 
found in the pulmonary artery in cases of pulmonary 
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hypertension (Spencer, 1968). According to Weibel 
(1958), intermittent stretching of the artery produces 
a longitudinal muscle bundle in the arterial wall. This 
could be the mechanism of development of longitudinal 
muscle in the popliteal artery entrapment syndrome. 

Isolated segmental occlusion of the popliteal artery 
is infrequently found in Buerger's disease (Inada et al., 
1974). The presence of longitudinal muscle bundles is 
considered to be significant in relation to the differ- 
ential diagnosis in the pathological study of occlusive 
lesions of the popliteal artery. 
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The fibrinogen uptake test after hip surgery 


J. R. LOUDON G. MCGARRITY, R. VALLANCE, 


A. C. BAYLIS AND J. GRAHAM* 


SUMMARY 
The fibrinogen uptake test has been used to detect deep 
vein thrombosis after total hip replacement in 90 
patients. The upper third of the thigh in each leg was 
ignored and peripheral leg counting carried out distal to 
this. The results were directly compared with the findings 
of venography in the 170 legs of the 90 patients. There 
was a high false positive rate (30 per cent) with the 
fibrinogen uptake test which was associated with the 
presence of knee joint effusion or varicose veins, but 
not with the site of operation. There was a low false 
negative rate (less than 5 per cent), and the fibrinogen 
uptake test, used in this way, may fail to detect a per- 
centage of small thrombi in the wound area that are 
probably produced by the local trauma of operation. 
It is considered that the fibrinogen uptake test has a 
clinical use as a screening test for deep vein thrombosis 
after hip replacement, but venography is required in the 
interests of accuracy. 


Tue fibrinogen uptake test is widely used in the 
detection of deep vein thrombosis (DVT) after 
surgery. The test is accurate compared with veno- 
graphy after major general surgery (Flanc et al., 1968; 
Kakkar and Flanc, 1968) but less so after hip opera- 
tions (Barrie et al., 1974; Harris et al., 1975; Loudon, 
1976), there being an increased incidence of false 
positive results. The test is valueless over the upper 
thigh of the operated leg because of the increased 
fibrinogen uptake over the wound area (Harris et al., 
1975; Morris and Mitchell, 1977). The upper thigh of 
the non-operated leg also has a high false positive 
rate (Morris and Mitchell, 1977). We wish to report 
on the accuracy of the fibrinogen uptake test after hip 
surgery when the upper third of each thigh is ignored. 


Patients and methods 

Ninety patients undergoing total hip replacement in Gartnavel 
General Hospital, Glasgow, were examined on postoperative 
davs 1, 3, 5, 7 and 9 for the presence of DVT usingthe fibrinogen 
uptake test and venography (in 10 patients only one leg was 
available for examination). Excluding dextran given in theatre, 
no specific prophylaxis was used. 


Fibrinogen uptake test 

On the day of operation 100 uCi ™I-fibrinogen (Amersham) 
were injected within 1-2 h of surgery. The Pitman 235 rate- 
meter was used to record readings (percentage of praecordial 
reading) over seven selected sites on the leg along the lines of 
the saphenous vein (the more posterior calf sites chosen bv 
Flanc et al. (1968) are difficult to use in patients after hip 
replacement, because of local joint stiffness and pain) (Fig. 1). 
Site number 7 was marked just below the lower end of the 
wound and site 1 over the medial malleolus. Site 5 coincided 
with the knee joint and site 3 was over the bulk of the calf 
muscles. Sites 2, 4 and 6 were placed appropriately. 

During counting the end of the bed was raised to 307. A 
result was considered to be positive when the count rose by 
20 per cent over a site compared with the previous reading, or 
compared with the same site on the other leg, provided that the 
rise was maintained for 24 h. 
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Fig. 1. Diagram to show the counting sites in the lme of the 
great saphenous vein to just below the level of the wound 
dressing (which is on the lateral aspect of the leg). 





Venography 
The patient was placed on a screening table with 30° anti- 
Trendelenburg tlt. A butterfly needle SWG 19 or 21 was 
inserted percutaneously into a dorsal vein of the foot. The 
retrograde direction was preferred. A tourniquet was applied 
above the ankle and 50 ml of Conray 280 were quickly injected. 
The filling of the deep venous system was screened and films 
taken over calf, knee and thigh. A videotape recording was 
made and a further 20-30 ml of contrast medium were often 
required. Filling of the iliac system was demonstrated by calf 
compression, or by elevation of the leg. The same procedure 
was followed in each leg and the veins were flushed with 
heparinized saline. 

The examination was carried out between postoperative days 
6 and 10 within 24h of the last series of leg counts. Radio- 
logical interpretation was carried out in ignorance of the 
fibrinogen uptake test result. Recent DVT was diagnosed by a 
filling defect seen on two films. DVT of uncertain age was 
diagnosed by non-filling of a venous segment with an 
associated collateral circulation. 


Results 
Diagnosis of DVT 
A total of 170 legs was examined by the above 
methods; 86 were on the side of the operation (the 
operated leg) and 84 were on the other side (the non- 
operated leg). DVT was said to be absent when the 
fibrinogen uptake test was negative and there were no 
venographic abnormalities. This occurred in 65 legs 
(Table I). DVT was said to be present when a positive 
fibrinogen uptake test at one or more sites was 
associated with a venographic abnormality in the 
same leg, although not necessarily at the same site. 
This occurred in 68 legs and included 5 instances of 
venographic DVT of uncertain age (Table I). 
Although some sites with positive test results did 
not match the expected distribution, or length of 
thrombus (as subsequently demonstrated by a veno- 
gram), the tests were said to agree when a positive 
fibrinogen uptake test result somewhere in the leg led 
to the correct (venographic) diagnosis of DVT. In 
point of fact, in only 38 legs (out of 68) did the tests 
correlate exactly as expected for each individual site 
(the 24-h delay which often occurred between the 
fibrinogen uptake test and venogram could partly 
explain this). Usually, however, the fibrinogen uptake 
test was positive at some point over the thrombus. 
False positive fibrinogen uptake test results occurred 
in 32 legs and false negative results in 5 legs. 


* Western Infirmary, Glasgow. 


Pattern of thrombosis 

DVT was more common and more extensive in the 
operated leg (Table ID, thus there were more thrombi 
diagnosed in the operated leg (2P « 0-05). In addition, 
femoral vein thrombosis occurred on this side in 21 
cases, with only 4 instances in the non-operated legs 
(P<0-005). Seven isolated femoral vein thrombi 
occurred, all in the operated leg (without distal throm- 
bosis) (P « 0-05). In 18 cases femoral vein thrombosis 
was associated with distal (calf vein) thrombosis. 


False-negative fibrinogen uptake test 

There were 5 instances of a false negative result (5 
patients) (this does not include false negative results in 
a leg in which there was also a thrombus). In 2 cases a 
negative fibrinogen uptake test was followed by 
venographic evidence of recent DVT in the upper 
thigh in the wound area. Both thrombi were small 
(less than 2 cm). In one other case a negative result 
was associated with non-filling of the femoral vein, 
this time within the region counted. A second veno- 
gram failed to show a filling defect and no treatment 
was offered. The fibrinogen uptake test remained 
negative until the patient's discharge at 3 weeks. There 
were 2 false negative results in the calf, where veno- 
graphy demonstrated 2 small thrombi (both less than 
2 cm) of recent onset. 


False positive fibrinogen uptake test 

False positive results were found in 32 legs (25 
patients), not including false positives in a leg in which 
there was also a thrombus. Various factors probably 
contributed: first, in most of the legs (in the whole 
study) the baseline counts at all sites slowly rose with 
each examination using the Pitman 235 ratemeter. 
This was presumably partly due to the falling level of 
circulating fibrinogen, which necessitated adjustment 
of the instrument to a more sensitive isotope detection 
level. The rise in baseline could be minimized by early 
reinjection of fibrinogen (about 5 days); in 5 legs (3 
patients) failure to do so led to a bizarre rise of 30— 
50 per cent at all sites (Roberts, 1975). Even with 
reinjection, however, a smaller rise (5-15 per cent) 
was usual, and this undoubtedly contributed to the 
false positive rate. In our study we were not able to 
link this with any increased incidence in clinical leg 
signs (cf. those legs with no DVT). In the whole group, 
however, one or more leg signs (swelling, oedema or 
dilated veins) were found in 51 patients out of 90, and 
this high incidence may be of significance in the 
production of the false positive rate. In 8 legs, in 
spite of reinjection, the rising baseline pattern was 
the only explanation for the false positive result 
(Table HD). 

A second pattern of false positive counts was noted 
where a joint effusion was present, usually in associ- 
ation with rheumatoid arthritis (Table HD. The 
commonest false positive site (13 legs) was number 5 
(the knee), correlating in every case with an effusion, 
but raised counts were also noted at the ankle (number 
1). Typically, the count over the joint rose rapidly in 
the early postoperative period, but thereafter remained 
static, or rose more slowly, compared with the count 
over a developing DVT. 

Varicose veins were found in 10 legs with false 
fibrinogen uptake test results. In 9 cases a cluster of 
varices or a large ‘communicator’ lay directly under 
the probe, at either sites 3 or 4 (the calf) (Table HD). 
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Table I: CORRELATION BETWEEN RESULTS OF 
THE FIBRINOGEN UPTAKE TEST AND A 
VENOGRAM 

Non- 
Operated operated 
FUT V. leg leg Total 

DVT absent —ve ——ve 29 40 65 
DVT present -vve -bve 40 28 68 
False +ve FUT  ——ve  —ve 16 16 32 
False —ve FUT  —ve +ve 5 Q 5 


FUT, Fibrinogen uptake test; V, venogram. 


Table H: PATTERN OF THROMBOSIS 


Operated — Non-operated 
leg leg 

M M M——— — €——ÀMMÀ E 
DVT 40 28 
Femoral vein thrombosis Zt 4 
Isolated femoral vein thrombosis 7 $ 


Table Ill: FALSE POSITIVE FIBRINOGEN UPTAKE 
TESTS AND ASSOCIATED CAUSES 


M MM ÀÀÀ——M M il 
Failure to reinject fibrinogen 5 
Raised baseline count 8 
Knee effusion 13 
Varicose veins 10 


Numbers refer to legs not patients. 


Discussion 
Use of the fibrinogen uptake test in the detection of 
DVT has certain advantages. Apart from injection of 
the fibrinogen, the test is non-invasive and is also 
quick and easily repeatable on a daily basis if necessary. 
Thus the progress of an extending thrombus can, in 
theory, be monitored more easily by the fibrinogen 
uptake test than by venography. Combining the 
results of each test offers an additional advantage, in 
that, where the venographic appearance is not 
diagnostic of recent DVT, the fibrinogen uptake test 
result can be used to decide whether or not treatment 
is required (see False negative fibrinogen uptake test). 
While the fibrinogen uptake test is accurate after 
general surgery (Flanc et al., 1968: Kakkar and 
Flanc, 1968), there are difficulties in the application 
of the test to an operated leg in an orthopaedic patient. 

The wound area invariably gives a positive result, 
and it therefore seems logical to ignore this area in the 
application of the fibrinogen uptake test after hip 
surgery. Since peripheral leg counting ignores any 
thrombi forming in the upper thigh, the accuracy of 
this method depends on the development of DVT in 
the area which is examined. It has been suggested that 
femoral vein thrombosis without concomitant distal 
thrombosis is rare in general surgical patients 
(Ruckley, 1975). This has significance for the potential 
accuracy of peripheral leg counting, since a calf vein 
thrombus should produce a positive fibrinogen 
uptake test and subsequent venography will then 
demonstrate any femoral vein thrombosis. In our 
series all 18 femoral vein thrombi with distal thrombi 
present were correctly detected by the fibrinogen 
uptake test, albeit indirectly in some cases. p 

The incidence of isolated femoral vein thzéffübosis - 
seems to be higher after hip surgery (Ruck : 





Sagar et al., 1976). For example, Sagar et dl 
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difference (Stamatakis et al., 1977); certainly all such 
thrombi were on the side of operation (P « 0:05) in our 
study. This pattern of thrombosis theoretically could 
produce a negative fibrinogen uptake test when the 
upper thigh is ignored, because of the absence of 
DVT in distal veins. Harris et al. (1975) found that the 
fibrinogen uptake test failed to detect 8 fresh venous 
thrombi in the wound area in 83 patients, although the 
size of these thrombi was not given. While this is a 
weakness of the application of the test to hip surgery, 
most isolated femoral vein thrombi occurring in the 
wound area appear to be small, since in another study 
from the same group (Harris et al., 1974), 16 out of 
27 such thrombi were of less than 2 cm, and only two 
were greater than 5 cm. In our series, the test correctly 
diagnosed 5 out of the 7 isolated femoral vein thrombi 
because the thrombi were either extensive enough or 
so distally situated in the thigh that positive results 
were produced at sites 7 or 6, or both. 

The false positive rate in our study is obviously 
high. Approximately 30 per cent of positive results 
were followed by a normal venogram after hip 
replacement; this rate is much higber than in post- 
operative general surgical patients (Flanc et al., 1968; 
Kakkar et al., 1968). The difference is not due to the 
influence of surgery on the leg, because the distribu- 
tion of false positives is equal between the operated 
and non-operated leg (Table I); however other local 
factors may exert some influence. 

The incidence of rheumatoid arthritis in any group 
of patients undergoing hip replacement is likely to be 
higher than the incidence in a general surgical popu- 
lation. False positive results over a knee joint effusion 
occurred in 8 patients (12 legs) who had rheumatoid 
arthritis. One other false positive occurred over the 
knee joint of the operated leg of a patient with osteo- 
arthritis, in whom intraoperative manipulation 
produced a knee effusion. 

Probably, there is also a higher incidence of varicose 
veins in patients undergoing hip replacement. Whereas 
in 280 patients undergoing general surgery (Kemble, 
1971), 30 were found to have varices, we found 
varicosities to be present in 32 patients (50 legs) out 
of 90 (170 legs). However, it is unlikely, from our 
data, that the presence of varicose veins has any real 
effect, since the incidence of 10 legs with varices (out 
of 32) in the false positive group (Table III) is not 
different from the incidence in the whole group 
studied. It is possible instead that the presence of 


varices will render the technique, and radiological 
interpretation of the venogram, less accurate in the 
detection of a thrombus. 

In our study the unsupported fibrinogen uptake test 
results would have led to the correct diagnosis in 69 
patients out of 90, Since the false negative rate was low 
in our experience, the test has a place as a screening 
procedure for venography in the detection of DVT 
after hip replacement. On the other hand, estimates 
of DVT occurrence after hip replacement, based on 
the positive fibrinogen uptake test rate, are likely to 
be inaccurate, and confirmatory evidence by veno- 
graphy is required. 
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action may be affected in patients with impaired liver 
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should be used with caution in patients receiving 
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Intravenous isotope calf scanning in the assessment 


of intermittent claudication* 


R. A. HURLOW, S. T. CHANDLER, J. HARDMAN AND C. J. L. STRACHAN} 


SUMMARY 

A method of hyperaemic calf scanning using a bolus 
injection of *Tc* pertechnetate into an arm vein is 
described and evaluated in 26 patients with intermittent 
claudication. 

From the calf image displayed on a visual display 
unit after 25 minutes” scanning with a gamma camera, 
an assessment of the patency of the lower popliteal 
artery and run-off vessels can be made and of the 
distribution of blood flow to the calf muscles. 

The technique enables the measurement of a calf 
‘perfusion index’, which was found to be reproducible 
and to correlate well with the severity of disease in the 
proximal arteries leading to the calf, as assessed by 
the resting anklejbrachial pressure index (r= 0-65, 
P<0-001) and the ankle pressure response to exercise 
(r = 0-71, Px0-001). 

The perfusion index correlated with maximum 
walking time (r = 0-57, P«0-01) but not with claudi- 
cation time measured on a treadmill (r = 0-30). 

Calf scanning is useful in the initial assessment of 
patients with claudication, and when combined with 
ankle pressure measurements it can provide objective 
flow and pressure data for evaluation of the progression 
of disease in conservatively managed patients with 
claudication, and for the assessment of the results of 
operation. 


RaApiorsoTrOPES have been used for many years to 
study muscle blood flow. In the calf, the most 
frequently used current method measures the clearance 
rate of !3?Xe injected into a small volume of muscle, 
using an external radiation monitor. This technique 
has been criticized because it assumes: 

1. An even, rapid distribution of isotope in the area 
counted. 

2. No subcutaneous leakage along the injection 
track (Webster, 1966). 

3. Injection into muscle only, and not into fat or 
aponeurotic fibres (Webster, 1966). 

4. An identical partition coefficient for all muscle- 
blood interfaces (Lindberg et al., 1966). 

5. Clearance from the studied portion of muscle as 
being representative of the whole muscle. 

To overcome these problems, isotope may be 
introduced into the arterial supply and its distribution 
pattern observed in the whole limb, Recently, Siegel 
and Wagner (1976) classified patients with ischaemic 
leg disease into groups based on the pattern of 
distribution of radioactive microspheres injected into 
the femoral artery via a retrograde catheter or via a 
translumbar aortic puncture. A gamma camera 
recorded the radioactivity when the injection was 
made at rest and also following hyperaemia produced 
by ischaemic occlusion. From visual evaluation of the 
two scans, patients could be diagnosed as having 
diabetic small vessel disease, multifocal large vessel 
disease or localized large vessel occlusions. However, 
no quantitative measurements can be made, and the 


technique is not readily repeatable since arterial 
puncture is necessary. 

In 1974, Gerritsen et al. described calf scanning 
using a gamma camera to follow the arrival and 
distribution of **Tc* pertechnetate injected into an 
arm vein. By giving the isotope after ischaemic 
occlusion of the calf for 5 min, the resulting inflow of 
radioactivity enabled the calculation of a 'perfusion 
index', which was found to relate to the presence or 
absence of arterial occlusive disease in the legs as 
shown on arteriograms. 

This technique has the advantages of being both 
quantitative and requiring only an intravenous 
injection, but before it can be used for the evaluation 
of claudicants, assessment of the reproducibility of 
the perfusion index and of its relationship to the 
severity of arterial disease are needed. 

In this paper we describe the visual aspects of intra- 
venous calf scanning and describe the correlation of 
the calf perfusion index with other measurements in 
the claudicating patient—the subjective assessments 
of claudication time and maximum walking time and 
the objective studies of ankle pressure at rest and 
after maximum exercise. 


Patients and methods 

Twenty-six patients with intermittent claudication consented 
to the trial. Sixteen of these patients were being investigated for 
possible reconstructive surgery and 10 were stable claudicants 
who had agreed to take part in a trial of vasodilators. None 
had diabetes or rest pain. 

Claudication time and maximum walking time were 
measured on a treadmill travelling at 2 mph with an inclination 
of 10°. Claudication time was defined as the moment when the 
patient experienced calf pain and maximum walking time as the 
time when he could walk no further, despite encouragement. 

Brachial and ankle pressures were measured after 30 minutes’ 
rest in the horizontal position. Standard sphygmomanometer 
cuffs on the upper arms and above the ankles were inflated 
above systolic pressures and the pressure was recorded when a 
signal was heard on the Doppler apparatus with a probe placed 
over the brachial artery, posterior tibial or dorsalis pedis 
artery, whichever gave the stronger signal. The pressure index 
{ankle pressure/brachial pressure) was calculated for each leg, 
using the higher of the brachial pressures in the calculation. 

Ankle pressure after exercise was determined in the same way, 
the patient being transferred rapidly from the treadmill to the 
couch and both ankle pressures being measured within 1 min. 

Calf scans were obtained as described by Gerritsen et al. 
(1974) with some modifications. The patient lay prone with a 
gamma camera (Searle LFOV) centred over the middle of the 
calves. Cuffs of 50 x 18 cm were placed around the lower thighs 
and inflated to S0 mmHg above brachial systolic pressure. 
During the 5 min for which these were inflated the patient 
performed ankle flexion and extension as fast and as hard as 
possible until the movements were no longer possible, which 
was usually within 2 min. 


* This paper is based on a communication to the Vascular 


Society of Great Britain and Ireland, Edinburgh, December 
1977. 

t Departments of Surgery and Medical 
Elizabeth Hospital, Birmingham. 
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Fig. 1. Appearance of a normal calf scan on the VDU after 
?l 


24 min. P, popliteal artery; PT, posterior tibial artery. 
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Fig. 2. Three-dimensional representation of a normal calf 
scan. The height of the peaks is proportional to the 
radioactivity concentration. 


Through a 19-gauge butterfly needle 8 mCi of **"Tcm per- 
technetate were rapidly injected into the basilic vein in the 
antecubital fossa, propelled by 10 ml of normal saline. Five 
seconds later the thigh cuffs were deflated. 

From the gamma camera the radioactivity information was 
fed to a persistence oscilloscope, where the calf image could 
be seen building up, and on line to a small computer (PDP 
11/40 Digital Equipment Corporation). Data were collected 
for 23 min and the final image displayed on a VDU, as shown 
in Fig. 1. A suitable computer program enabled the image to 
be displayed in three-dimensional form, as shown in Fig. 2. 
This had the advantage of converting the density of radio- 
active emission to a linear dimension, i.e. height, from which 
the distribution of radioactivity could more easily be evaluated. 
The calf perfusion index was calculated from radioactivity 
time curves. Regions of interest were selected over the calf 
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Fig. 3. Selection of regions of interest over the calves. 
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Fig. 4. Radioactivity/time curves produced from the regions 
of interest. pl and p2 refer to peak counts of normal and 


abnormal curves; E, equilibrium count. 


muscles, as shown in Fig. 3, from which the computer was 
programmed to plot the curves, as shown in Fig. 4. Only the 
first 100 s after cuff release were displaved on these curves. by 
which time the input and output of isotope in the calves had 
reached equilibrium. 

The perfusion index is the ratio of the radioactivity counts 
at the peak to the counts at equilibrium (pl E in Fig. 4). Where 
a peak is not reached, the numerator is taken as the highest 
count at the top of the initial steep slope (p2/E in Fig. 4). We 
have found no difficulty in identifying this point on any of our 
scans. The technique gives a whole body radiation dose of 90 
mrad, the equivalent of two chest X-rays. The thyroid is a 
target organ for **Tc™ pertechnetate and should be blocked by 
giving 400 mg potassium perchlorate about 30 min before 
injection. The time required to perform calf scans is about 
I0 min with a further 5 min processing time with suitable 
computer programming. Up to four scans per year can be 
performed to stay within acceptable radiation exposure. 


Results 

Visual evaluation of calf scans 
Fig. | shows a normal calf scan which 
knee joint level to just above 


extends from 
the ankle. The outline 
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Fig. 5. a, Scan of right popliteal occlusion with good run-off. 
Normal left calf scan. b, Corresponding arteriogram. 


of the popliteal artery (P) can be seen and in most cases 
the proximal part of the posterior tibial artery (PT). 
The even distribution of activity in the calf indicates 
patency of the popliteal trifurcation vessels, and a 
typical normal three-dimensional picture of the radio- 
activity density is shown in Fig. 2. The high narrow 
peak at the top of the picture corresponds to the 
popliteal artery. At mid-calf level there is a high peak 
laterally descending to a lower level medially, because 
in addition to soleus and gastrocnemius, the peronei 
and tibialis anterior contribute to the muscle bulk on 
the lateral side, thus increasing the amount of radio- 
activity, relative to the medial side. 

Fig. 5a illustrates an abnormal calf scan. There is a 
filling defect in the popliteal artery of the right leg, 
and yet the distribution of radioactivity below that is 
evenly spread across the calf, but with decreased 
density. This indicates that the distal calf vessels are 
patent and fed by collaterals of reasonable calibre. 
The left calf scan appears normal. These findings are 
confirmed by arteriography (Fig. 5b). Poor popliteal 
run-off is shown in Fig. 6a. The popliteal arteries are 
patent, but the run-off vessels have perfused the 
calves very little. On the left side only the lateral side 
of the calf has received any radioactivity, apart from 





a 


Fig. 6. a, Scan showing patent popliteal arteries with poor 
run-off. On the left side a thin collateral vessel can be seen 
coursing medially. b, Corresponding arteriogram. The 

left popliteal artery is patent, although it appears ‘ghostly’ 
in this picture. 
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Fig. 7. Four radioactivity/time curves taken at monthly 
intervals from a patient with stable claudication. 
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Fig. 8. Correlation of the perfusion index and claudication 
time in 26 patients. 
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Fig. 9. Calf perfusion index v. maximum walking time. 


a spindly, short collateral vessel coursing medially. In 
the right calf, there is generally poor perfusion. The 
arteriogram (Fig. 6b) confirms patent popliteal 
vessels and poor run-off. 


Calf perfusion index 

The reproducibility of the calf perfusion index has 
been assessed in 10 limbs. Five patients with clinically 
unchanged claudication were scanned on four 
occasions at monthly intervals. None of the patients 
had noticed any change in symptoms during this 
period, nor had any changed their smoking habits or 
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Fig. 10. Relationship between the calf perfusion index and 
the ankle/brachial pressure index in 52 legs. 
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Fig. 11. Correlation of the calf perfusion index and ankle 
pressure 1 min after exercise, expressed as a percentage of 
the resting ankle pressure. The broken line indicates the 
perfusion index, corresponding to a normal ankle pressure 
exercise response. 


taken any drugs. Fig. 7 shows the radioactivity/time 
curves from one of these patients, illustrating little 
variation over the 4 months. An analysis of variance 
of the perfusion indices of the 10 limbs showed no 
significant monthly change. 

To assess the relationship between the calf per- 
fusion index and the severity of arterial disease in the 
leg, we have correlated the index with the following 
variables in the claudicant patient: claudication time, 
maximum walking time, Doppler ankle/brachial 
pressure index at rest and the ankle pressure response 
to exercise. In Figs. 8 and 9 the calf perfusion index 
of the leg in which the patient first experienced claudi- 
cation has been used. Fig. 8 shows the linear regres- 
sion line of claudication time and the calf perfusion 
index in 26 patients. A correlation coefficient of 0:3 
showed no significant relationship between these two 
variables. In Fig. 9 the perfusion index is plotted 
against maximum walking time. The line of regression 
is shown and the correlation coefficient is 0:57 
(P — 0:01). 

The relationship between ankle/brachial pressure 
at rest and the calf perfusion index in 52 legs is 
shown in Fig. 10. A highly significant correlation was 
found (r = 0:65, P<0-001). Fig. 11 shows the corre- 
lation between the perfusion index and the ankle 
pressure within 1 min of maximum exercise in the 


same legs. The exercise ankle pressure is expressed 
as a percentage of the resting pressure (r= 071, 
P<0-001). The horizontal and vertical broken lines 
indicate the perfusion index which corresponds to a 
normal ankle pressure response to exercise, i.e. 100 
per cent of the resting pressure. 


Discussion 

The application of intravenously injected isotopes to 
the assessment of lower limb arterial disease has 
mainly been concerned with large arteries, particu- 
larly the aorto-iliac and femoral arteries (Dibos et al., 
1972; Moss, Delaney and Rudavsky, 1976; Moss, 
Rudavsky and Veith, 1976; Hurlow et al., 1978). 

Since most patients with claudication primarily 
experience calf pain, caused by inadequate blood flow 
to the muscles under exercise, it would seem logical 
in the investigation and follow-up of these patients to 
examine the flow to the calves under the stress of 
exercise. That measurement of muscle clearance of 
the isotope may be misleading in these patients is 
illustrated by the scan shown in Fig. 6a, in that the 
clearance rate of an injection into the lateral left calf 
muscle would have been unrepresentative of the flow 
to the medial side of the calf. Therefore, one of the 
advantages of intravenous calf scanning as described 
in this paper is that the visual display illustrates the 
distribution of blood flow. 

We have shown in our study of the aorto-iliac 
arteries that the dynamic aspects of isotope scanning 
offer most potential in determining the severity of 
disease (Hurlow et al., 1977). 

Calf scanning after occlusive hyperaemia enables 
the measurement of a perfusion index, which Gerritsen 
et al. (1974) found to be greater than 1:4 in arterio- 
graphically normal legs. Our interpretation of the calf 
radioactivity/time curves is as follows. Occlusive 
ischaemia of the calf causes vasodilatation and a 
marked reduction of the calf vascular impedance. 
Release of the cuffs allows an inrush of blood, the 
flow rate of which depends on the resistance of the 
proximal vessels. The injected isotope bolus has a 
high concentration of radioactivity at its front with a 
trail of lower concentration in its wake, rather like a 
comet. Where normal vessels lie between the heart 
and the calves, this high concentration of isotope 
quickly reaches the calf, leading to a rapid increase in 
counts—the initial upslope until a peak is reached, 
when the whole of the bolus has reached the calf. A 
gradual venous washout occurs until equilibrium 
between input and output of isotope is reached. 
Although **"Tc?* pertechnetate is freely diffusible into 
the extracellular space, the onset of the initial slope 
and peak count is too rapid for significant diffusion 
to have occurred, but after 100s almost complete 
equilibrium between the extracellular fluid and blood 
has been reached. 

The height of the peak depends on two factors, first, 
the dose of isotope injected, and secondly, the 
resistance to flow in the proximal arteries. For 
example, if the superficial femoral artery is occluded, 
the bolus of isotope reaches the calf by collaterals, 
thus taking longer than by the direct route and also 
being fragmented. Thus the isotope concentration 
reaching the calf is decreased and the peak count rate 
falls. If the traverse to the calf is much prolonged, the 
isotope bolus becomes so lengthened that venous out- 
flow begins before the input is completed. Equilibrium 
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counts, however, are not affected by proximal disease, 
being dependent only on dose and blood volume. By 
taking the ratio of peak counts to equilibrium counts, 
the perfusion index becomes independent of isotope 
dose and dependent only on the resistance to flow in 
the vessels to the calf. 

Our results indicate that the perfusion index 
measurement is reproducible. It correlates poorly with 
the subjective variables of claudicants, particularly 
claudication time, and relates best to the objective 
measurement of the ankle pressure response to 
exercise. It is recognized that flow and pressure 
changes after exercise correspond to the severity of 
arterial disease better than similar measurements at 
rest (Sumner and Strandness, 1969; Lewis et al., 1972; 
Fronek et al., 1973). 

The perfusion index is possibly a better guide than 
the ankle pressure after exercise, in that maximum 
hyperaemia after stress occurs in the first 30s 
(Needham and Yao, 1972). The time taken to measure 
the ankle pressure by Doppler probe may exceed 
that time and the maximum fall of pressure may be 
missed. Since the gamma camera records con- 
tinuously, the calf scan never misses peak hyperaemia. 

This study reinforces the view that the subjective 
measurement of claudication time and, to a lesser 
extent, maximum walking time or distance are 
unreliable indicators of the state of the arterial tree in 
the lower limb (Colt, 1971). 

Intravenous calf scanning has proved useful in the 
evaluation of patients with intermittent claudication. 
The visual aspect of the technique allows identification 
of infrageniculate popliteal disease and adequacy of 
run-off vessels, while the dynamic measurement of the 
perfusion index gives an indication of the severity of 
disease in the arteries leading to the calf. 

By combining calf scanning and ankle pressure 
measurements, complementary, objective information 
of value in the initial assessment of claudicating 
patients may be obtained in outpatients. Intravenous 
calf scanning may also be of use in following the 
progression of disease in the conservatively managed 
patient and in objectively assessing the results of 
reconstructive surgery. 

Since **?Tc? pertechnetate has a half-life of only 6 h, 
complete outpatient assessment of the aorto-iliac 
arteries, i.e. run-in and the popliteal and run-off 
vessels, may be achieved by two intravenous scans 
separated by 48h, perhaps providing sufficient 
information to indicate femoropopliteal bypass 
grafting without the use of contrast arteriography. 
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Acute abdominal complications of systemic 


lupus erythematosus 


C. J. STODDARD, P. H. KAY, J. M. SIMMS, A. KENNEDY AND P. HUGHES* 


SUMMARY 


Four patients with acute abdominal complications of 


systemic lupus erythematosus requiring laparotomy are 
presented. The complications consisted of intestinal 
ischaemia, without perforation, in 3 patients and 
omental infarction in the fourth. In 2 patients the 
abdominal emergency was the first manifestation of the 
collagen disease. Tissue removed from 3 patients 
showed a marked vasculitis on histological examination. 
The pathogenesis and management of acute abdominal 
complications of systemic lupus erythematosus are 
discussed and the literature reviewed. 


Systemic lupus erythematosus (SLE) is characterized 
by a wide range of clinical manifestations. Abdominal 
Symptoms can occur in up to 53 per cent of patients 
(O'Neill, 1961; Dubois and Tuffanelli, 1964; Shapeero 
et al, 1974), but in the majority these are relatively 
mild. Severe gastrointestinal symptoms were reported 
in 18 per cent of patients included in one study 
(Harvey et al., 1954) but the incidence of complica- 
tions requiring laparotomy or aggressive medical 
treatment was less than 2 per cent in another series of 
342 patients (Couris et al., 1964). Only 32 cases of 
acute abdominal complications of SLE requiring 
laparotomy have been described in the world literature 
to date (Table 1). We report here a further 4 cases who 
presented with acute abdominal complications 
requiring laparotomy. 


Table 1: REPORTED INCIDENCE OF ACUTE 
ABDOMINAL COMPLICATIONS OF 
SYSTEMIC LUPUS ERYTHEMATOSUS 


Complication Authors 


Small bowel ischaemia 
No perforation Pollack et al., 1954 

Bruce and Sircus, 1959 

Berg et al., 1960 

Finkbiner and Decker, 1963 

Brown et al., 1964 

Couris et al., 1964 

Houli and Rezek, 1965 

Vachtenheim and Kabatkova, 1966 


With perforation 


Large bowel ischaemia 
No perforation 
With perforation 


Bienenstock et al., 1967 
Litwin et al., 1968 
Zizic et al., 1975 


Gastrointestinal Phillips and Howland, 1968 
haemorrhage Chatterjee, 1973 

Adynamic small bowel Brown et al., 1956 
obstruction 

Spontaneous rupture of Zimmermann-Gorska et al., 1971 
spleen Krauser, 1976 

Spontaneous rupture of Haslock, 1974 
liver Levitin et al., 1977 


Case reports 

Case 1: This patient, a 29-year-old woman, originally presented 
in 1966 with purpuric skin eruptions on the legs which biopsy 
showed to be the result of vasculitis. A diagnosis of SLE was 
made in 1975 when she developed fever. polyarthralgia, 
pleurisy, proteinuria and splenomegaly. Investigations showed 


positive anti-DNA antibodies, rheumatoid factor and low 
serum complement levels (C, and Cj) and a renal biopsy 
revealed the presence of a focal proliferative glomerulo- 
nephritis. Steroids were given for 13 months with a good 
symptomatic response. Nine months later she relapsed and 
treatment was recommenced using methyl prednisolone 
‘pulse’ therapy (Cathcart et al., 1976), chlorambucil and weekly 
plasma exchanges (Verrier-Jones et al., 1976). 

Following her fourteenth plasma exchange she presented 
with a 4-day history of increasing pain in the left iliac fossa 
which was exacerbated by movement. There had been no 
bowel action for 3 days, although she was passing flatus. She 
had had no previous bowel symptoms and had not passed 
blood per rectum. On examination she was pyrexial (37-6 °C) 
with a tachycardia (120/min) and there was a tender mass in 
the left iliac fossa with signs of lower abdominal peritonitis. 
Investigations revealed a leucocytosis of 31:6 x 10°/1 and 
abdominal radiographs showed a soft tissue mass in the left 
iliac fossa with some dilatation of the proximal colon. A 
provisional diagnosis of a paracolic abscess was made. 

At operation, the pathological findings were localized to the 
sigmoid colon, which was oedematous and unevenly thickened 
with numerous areas of haemorrhagic necrosis. There was no 
colonic perforation. A sigmoid colectomy was performed with 
formation of a terminal left iliac fossa colostomy and a rectal 
mucus fistula. Postoperatively she was given hydrocortisone 
400 mg daily for 4 days and this was progressively reduced 
over the next 6 days. The patient made an uneventful recovery 
and was readmitted 4 months later for colorectal anastomosis 
with a protective transverse colostomy which was closed 6 
weeks later. 

Macroscopically the excised sigmoid colon revealed an 
oedematous submucosa with patchy mucosal necrosis (Fig. 1). 
On histological examination there were multiple discrete areas 
of infarction in the muscularis propria (Fig. 2). A vasculitis 
involving both arteries and veins was present throughout the 
specimen. Many vessels were partially occluded by fibrin 
thrombi. Despite these findings, no abnormalities were demon- 
strable in the colonic vessels of a small segment of transverse 
colon which was excised when the protective colostomy was 
closed. 


Case 2: A 42-year-old woman presented with a 48-h history of 
severe, generalized abdominal pain exacerbated by movement. 
She had vomited once. Four weeks before this emergency 
admission she had developed multiple ulcerated haemorrhagic 
areas on the legs. Her past medical history included a subtotal 
thyroidectomy for thyrotoxicosis, bilateral adrenalectomy for 
Cushing's syndrome and cholecystectomy. She was taking 
cortisone acetate, fludrocortisone and thyroxine and 5 days 
previously had increased her steroid dosage because of languor. 
The only abnormal finding on initial examination was mild 
tenderness in the upper abdomen. Four hours later the entire 
abdomen was rigid, suggesting gastrointestinal perforation. At 
laparotomy there was no evidence of intestinal perforation but 
nine ischaemic areas of small bowel were identified, involving 
both jejunum and ileum. A full-thickness biopsy ofan ischaemic 
jejunal lesion. was taken and the abdomen closed. Post- 
operatively she was given hydrocortisone 400 mg daily for 5 
days, this dosage being reduced over the subsequent 5 days to 
her normal steroid regimen. 

Histology of the jejunal biopsy revealed stunted villi covered 
by rather flattened, ulcerated, cuboidal epithelium. There was 
a small area of intense submucosal oedema with arteritic 
changes in the small vessels (Fig. 3). 
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Fig. 1. Case 1. The resected loop of sigmoid colon showing 
oedema of the submucosa and on the left areas of mucosal 
necrosis. 





Fig. 2. Case 1. A cross-section of the sigmoid colon. (x 3.) 
The mucosa is partly necrotic and there is marked oedema of 
the submucosa. Foci of necrosis in the muscularis propria 
are visible on the left side of the section (arrowed). 
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Fig. 3. Case 2. Showing a heavy inflammatory infiltrate which 
is invading the walls of vessels in the submucosa. These 
appearances are similar to the vasculitis seen in Case 1. 
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Fig. 4. Case 3. Part of the resected omentum in which there 

is occlusion of a small artery by thrombus. There is à 


vasculitis affecting the whole of the wall of the adjacent vein. 
( € 13.) 
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Two years later she developed polyarthritis and recurrent 
leg ulceration. Skin biopsy showed a vasculitis and the presence 
of high titre ANF and anti-DNA antibodies finally enabled a 
diagnosis of SLE to be made. 


Case 3: A diagnosis of SLE was made in this 33-year-old 
woman in 1973 when she presented with polyarthralgia, skin 
rashes and proteinuria. Investigations revealed a normo- 
chromic, normocytic anaemia, leucopenia, an ESR of 93 mm/h, 
high titre anti-DNA antibodies and LE cells in the peripheral 
blood. In 1975 a pericardectomy was performed for a persistent 
pericardial effusion. She had recently been controlled on 
prednisolone 6 mg daily, 

The patient was admitted as an emergency in 1977 with a 
2-day history of central abdominal pain of sudden onset, 
which was increasing in severity, exacerbated by movement 
and associated with copious vomiting. There was no history of 
dyspepsia. 

On examination she was apyrexial but in severe pain, 
sweating and dehydrated, with a pulse rate of 104/min. The 
abdomen was distended with signs of generalized peritonitis. 
Abdominal radiographs showed some dilated small bowel 
loops but no evidence of free subdiaphragmatic air. A pro- 
visional diagnosis of perforated, steroid-induced duodenal 
ulcer was made. 

At laparotomy the abdominal cavity contained a large 
quantity of clear fluid. The small bowel from the duodeno- 
jejunal flexure onwards was dilated with marked congestion 
of its serosal surface. There were multiple small areas of 
ischaemia, especially at the sites of maximum distension in the 
mid-jejunum and terminal ileum, but no evidence of gastro- 
intestinal perforation. The ischaemic areas of small bowel 
were considered viable and, after intestinal deflation, the 
abdomen was closed. 

Postoperatively the patient was treated with a course of 
intramuscular hydrocortisone 400 mg daily for 13 days before 
reintroduction of oral prednisolone. Recovery was slow, with 
further attacks of abdominal pain and delayed return of 
alimentary function. 


Case 4: A 67-year-old man was admitted as an emergency 
with an 8-h history of increasing central abdominal pain 
exacerbated by movement and associated with profuse 
vomiting. There was no history of abdominal trauma. He had 
had a periumbilical hernia repaired 18 months previously. . 

On examination he was apyrexial, clinically anaemic and had 
a pulse rate of 110/min with a blood pressure of 230/120 mmHg. 
There was mild abdominal distension due to ascites with 
abdominal tenderness to the left of the umbilicus, but no 
evidence of peritonitis. 

Investigations revealed a haemoglobin of 9-2 g/dl and a 
raised blood urea of 12-6 mmol/l, but the white cell count, 
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serum electrolytes and abdominal radiographs were within 
normal limits. The patient was treated with nasogastric suction 
and intravenous fluids but the following day the ascites had 
increased and the haemoglobin had fallen to 6:4 g/dl. Para- 
centesis abdominis, performed via a right lower quadrant stab 
incision, vielded 41 of bloodstained fluid. 

At laparotomy the left side of the omentum was found to 
contain a haematoma 9 cm in diameter with a surrounding area 
of infarction, together with four smaller areas of infarction. 
None of these was related to the few adhesions present 
between the omentum and the previous periumbilical hernia 
repair. There was no torsion of the omentum and other 
laparotomy findings were normal. The left half of the omentum 
was resected and the abdomen closed. 

Histological examination of the resected omentum showed 
areas of necrosis. There was evidence of vasculitis of vessels of 
about 100 um in diameter (Fig. 4) which was sometimes 
associated with thrombosis. These changes were more marked 
in veins than arteries. 

The patient's postoperative course was complicated by 
hypertension and renal failure with proteinuria and haema- 
turia. Further investigations revealed an ESR of 105 mm/h, 
high titres of ANF and anti-DNA antibodies and a positive 
rheumatoid factor, establishing the diagnosis of SLE. 


Discussion 

The diagnosis of SLE in these 4 patients was based 
primarily on histological evidence of vasculitis 
associated with circulating high titre antinuclear 
and/or anti-DNA antibodies. Only 2 of the patients 
satisfied the requirements of the American 
Rheumatism Association (ARA) criteria (Cohen et al., 
1971) at the time of the development of their acute 
abdominal complications, but the diagnostic limita- 
tions of the ARA criteria during the early stages of the 
disease are well recognized (Lee et al., 1977). The 
subsequent clinical course of the patients leaves little 
room to doubt the accuracy of the diagnosis. 

Ischaemic lesions were responsible for the acute 
abdominal manifestations in all the patients and were 
shown to be the result of a well-marked vasculitis in 3 
instances. Vascular thrombosis, which was probably 
secondary to the arteritis, was an additional important 
factor in the development of ischaemia in 2 of these 
cases. In 3 patients the ischaemia affected the bowel 
wall, but the omental infarction of the fourth case 
is the first reported example of this rare surgical 
emergency occurring as a result of SLE. In 2 patients 
the acute abdominal complications were the presenting 
features of the underlying collagen disease and only in 
retrospect were these complications attributed to SLE. 
Such presentations are well recognized, but an 
interim period of 2 years between initial abdominal 
manifestations and other systemic features leading to 
the correct diagnosis in our Case 2 is the longest that 
has been reported. 

Vasculitis of small arteries and veins is very 
characteristic of SLE and results from the deposition 
of circulating immune complexes. The multiple areas 
of small bowel ischaemia found in 2 patients (Cases 2 
and 3) were almost certainly due to a local vasculitis 
rather than to the involvement of the trunk of the 
superior mesenteric artery. Arteritis of the bowel 
may cause focal ischaemia, necrosis or perforation. 
The most severe lesion in the present series was the 
very marked necrosis that occurred in the sigmoid 
colon of Case 1. Five of the 6 cases of colonic perfora- 
tion due to SLE which are reported in the literature 
have occurred distal to the splenic flexure. The blood 
supply of the left colon seems to be more critical than 
that of the right side as shown by the predominant 
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involvement of the left colon in ischaemic colitis 
(Marston et al., 1966). This factor is probably 
important in determining the distribution of the 
ischaemic lesions of the colon in cases of SLE when 
there is a superimposed arteritis of the colonic vessels. 

Management of the acute abdominal manifestations 
of SLE is a difficult therapeutic and surgical problem. 
As the lesions are produced by an immune-complex- 
induced vasculitis, the anti-inflammatory and immuno- 
suppressive effects of high dose steroid therapy might 
be expected to be beneficial in the early stages. This 
approach has been used by Pollack et al. (1954), who 
successfully treated 5 out of 6 patients with severe 
abdominal symptoms with steroids. The present series, 
however, serves to emphasize the limitations of such 
treatment. Three of the patients were already receiving 
steroids at the time of development of their acute 
abdominal manifestations, although in 2 of these the 
dosage used was a very low one. Two patients (Cases 
2 and 3) improved following increased steroid 
therapy after laparotomy had excluded visceral 
perforation, but in Case 4 the disease underwent a 
spontaneous partial remission without steroid therapy. 
The fourth patient (Case 1) is particularly interesting, 
as infarction of the sigmoid colon developed during a 
course of intensive immunosuppression, which included 
treatment with high doses of methyl prednisolone. 

These cases emphasize the need for close surgical 
supervision of the patient with acute abdominal 
manifestations of SLE. In a patient with proved SLE 
and acute abdominal symptoms there may be a role 
for high dosage steroid therapy (Pollack et al., 1954), 
providing that peritonitis and unrelated disease have 
reasonably been excluded, thereby avoiding an 
unnecessary laparotomy. However, Cases 2 and 3 
illustrate the difficulties of excluding a gastrointestinal 
perforation solely by clinical and radiological criteria, 
especially in a patient already receiving steroid therapy. 
The progression of clinical symptoms and signs should 
be followed promptly by laparotomy. 
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oesophageal perforation 


F. A. SANDRASAGRA, T. A. H. ENGLISH AND B. B. MILSTEIN* 


SUMMARY 

Our experience with the management of 28 patients 
with oesophageal perforation is reviewed. The majority 
of perforations followed oesophageal instrumentation. 
The occurrence of pain, fever or cervical crepitus 
following endoscopy should raise the suspicion of 
oesophageal perforation. Plain radiographs of the neck, 
chest and abdomen provided confirmatory evidence of 
the presence of a perforation in 89 per cent of our cases. 
Contrast studies of the oesophagus demonstrated the 
site and extent of the leak in 21 of the 26 cases in which 
they were performed. The overall mortality for the series 
was 32 per cent. The mortality for thoracoabdominal 
perforations was nearly three times that for the cervical 
Segment. Instrumental perforations were associated 
with a lower mortality than spontaneous perforations 
or those following paraoesophageal surgical procedures, 
The coexistence of an oesophageal obstruction with a 
perforation did not have an adverse effect on the out- 
come. The time lapse between the occurrence of the 
perforation and surgical intervention had a profound 
influence on the morbidity and mortality. Early closure 
of the perforation with drainage was associated with a 
25 per cent mortality for thoracoabdominal perforations 
and no complications in the survivors. A delay of over 
24h, on the other hand, was associated with a high 
incidence of septic complications in both cervical and 
thoracoabdominal perforations, a longer period of 
drainage and a 50 per cent mortality in the latter group. 
A plea is therefore made for early surgical intervention 
in both cervical and thoracoabdominal perforations. 


PERFORATION of the oesophagus is associated with a 
high morbidity and mortality, and controversy 
remains as to the best method of management. Most 
reports advocate closure of the perforation and 
drainage of the contaminated tissue spaces (Groves, 
1966; Sawyers et al., 1975; Janssen, 1976). Good 
results with a non-operative approach have been 
claimed by Mengoli and Klassen (1965). In the 
presence of distal oesophageal obstruction immediate 
resection is the preferred method of treatment (Groves, 
1966; Kerr, 1968; Kaiser et al., 1969). Oesophageal 
intubation has been advocated as an alternative when 
the patient’s general condition precludes resection 
(Berger and Donato, 1972). The uncertainties reflected 
in the literature have prompted us to review our 
results in the hope of determining those principles of 
treatment which will ensure better results. 


Patients 

Twenty-eight patients with perforation of the oesophagus were 
treated at Papworth Hospital during a 5-year period from 
January 1972 to December 1976. The ages of the patients 
ranged from 25 to 92 years (mean 67) and there were 15 males 
and 13 females. 


Aetiology and site of perforation (Table 1) 

Twenty-one perforations (75 per cent) were caused by 
oesophageal instrumentation; 18 followed the use of the rigid 
oesophagoscope and 14 of these were associated with dilatation 


of a stricture. Fibreoptic endoscopy accounted for 2 perfora- 
tions and the passage of a nasogastric tube into a pharyngeal 
pouch accounted for the other. 

Only one perforation involved the strictured segment of the 
oesophagus. Ten perforations were immediately proximal to 
the stricture and 3 immediately distal to it. Two perforations 
occurred in the cervical region far removed from strictures in 
the lower thoracic oesophagus and were caused by the passage 
of the oesophagoscope. Two perforations followed rigid 
endoscopy at which no primary oesophageal disease was seen; 
one was in the thoracic oesophagus and the other in the cervical 
region. 

The paraoesophageal surgical procedures accounting for 
4 thoracic perforations were hiatal hernia repair in 2 cases, 
excision of an oesophageal leiomyoma in another and a 
pulmonary resection in the fourth. 

Of the 3 spontaneous perforations, 2 were in the lower 
oesophagus with leakage into the right pleural cavity and the 
third was in the mid-oesophagus with no breach of the 
mediastinal pleura. 

Eighteen perforations were situated in the thoracic 
oesophagus, 7 in the cervical region and 3 in the abdominal 
portion. 

Ten perforations were associated with benign strictures and 
6 occurred with carcinoma of the oesophagus. Three perfora- 
tions were associated with a sliding hiatus hernia and there 
was no primary oesophageal disease in 7 instances. 


Table I: AETIOLOGY AND SITE OF PERFORATION 





Site 
Aetiology No. Cervical Thoracic Abdominal 
Oesophagoscopy and 14 1 10 3 
dilatation 
Oesophagoscopy 4 3 l — 
Fibreoptic endoscopy 2 2 — = 
Ryles’ tube i 1 v — 
Paraoesophageal 4 — 4 — 
procedures 
Spontaneous 3 — 3 a 
Total cases 28 7 18 3 
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Clinical features 

Pain of sudden onset was a prominent symptom in all but 2 of 
the patients with instrumental perforations and in all 3 cases 
of spontaneous perforation. Pain was also noticed in 2 of the 
4 patients who developed oesophageal tears after a para- 
oesophageal surgical procedure. Generally, the location of the 
pain corresponded to the site of perforation; in some thoracic 
perforations, however, the pain was referred to the abdomen 
and to the neck and in 3 cervical perforations chest pain was 
the dominant symptom. In these instances leakage from the 
perforation had occurred, into the mediastinum in 1 case and 
into the pleural cavity in the other 2. 

Cervical crepitus was detected in 12 patients (43 per cent), 
including 6 of the 7 cases of cervical perforation. Twenty-one 
patients (75 per cent) were pyrexial after the episode of perfora- 
tion. Of the 7 patients who were apyrexial, 3 were seen within 
8 h of the incident and the other 4 were apyrexial for 2-13 days 
after the occurrence of the perforation. Excessive drainage 
from the intercostal drainage tubes led to a suspicion of 
oesophageal perforation in 2 patients who had paraoesophageal 
surgical procedures. 





* Papworth Hospital, Cambridge. 
Correspondence to: B. B. Milstein. 
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Table II: INCIDENCE OF PERFORATION 
FOLLOWING OESOPHAGOSCOPY 





No. of 
oesopha- No. of Incidence 
Series goscopies perforations (94) 
Smith and Tanner, 1956 605 6 1-0 
(London) 
Froggatt and Gunning, 1750 33 19 
1966 (Oxford) 
Craddock et al., 1968 4800 31 0-6 
(Edinburgh) 
Triggiani and Belsey, 1977 3900 12 0-2 
(Bristol) 
Present series 1052 13 1-2 
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Cervical and mediastinal emphysema, mediastinal widening, 
pneumothorax, pleural effusion, fluid levels in the pleural 
space and gas under the diaphragm are some of the radiological 
signs of oesophageal perforation, and one or more of these 
signs was present in 25 of the 28 cases. The plain chest radio- 
graph was supplemented by contrast studies of the oesophagus 
in 26 cases and in 21 (81 per cent) the site and extent of the 
leak were demonstrated. In 5 cases contrast studies initially 
failed to show a leak, but it was demonstrated in 2 instances 
when the examination was repeated a few days later. 

The perforation could be identified in 6 of the 7 cases in 
which oesophagoscopy was carried out, 


Results 

The patients were divided into 6 groups according to 
the principal mode of treatment employed. 

Group 1—Primary suture within 24 h: Five patients were 
treated by primary suture within 24h of perforation 
(mean 9 h). In 4 of these cases perforation was in the 
thoracoabdominal oesophagus and in 3 the perfora- 
tion was associated with a stricture. A Celestin tube 
was inserted at the time of repair in 2 cases. The 
patient whose perforation involved the stricture died 
as a result of a persistent leak. Recovery in the others 
was uneventful. 

Group 2— Delayed suture and drainage: This group of 
9 patients, 7 of whom had thoracic and 2 cervical 
perforations, was treated by delayed suture and 
drainage 1—29 days (mean 9 days) after the injury. One 
of these patients also had a Celestin tube inserted for 
a peptic stricture. Four patients also underwent a 
decortication of the lung for an empyema. All the 
perforations reopened and drainage had to be 
continued for a period of 7-40 days (mean 29 days) in 
the survivors. Both patients with cervical perforations 
survived despite a very long interval (14 and 29 days 
respectively) between perforation and the institution 
of drainage. Failure to control infection accounted 
for 4 deaths in the group of 7 thoracic perforations. 
Group 3— Drainage only: Three thoracic, 3 cervical 
and 1 abdominal oesophageal perforation were 
treated by drainage without any attempt at repair 
1-13 days (mean 7 days) after the injury. One patient 
had a Celestin tube inserted at the time of drainage 
for palliation of an oesophageal carcinoma. Two 
patients underwent oesophagectomy 8 and 28 days 
later as drainage alone failed to control the infection 
due to leakage from the thoracic oesophagus. These 
were the only patients in this group who died. One 
patient with a cervical perforation developed a 
massive secondary haemorrhage but survived this 
after treatment. The duration of drainage for the 
survivors in this group ranged from 5 days to 3 months 
(mean 34 days). Thus, for the survivors in groups 2 


and 3 whose perforations healed by second intention, 
the average duration of drainage was 31 days. 

Group 4— Early oesophageal resection: Three patients 
had an oesophageal resection performed within 1-2 
days of perforation. One died of an anastomotic leak 
and there were no complications in the other 2. In 
contrast none of the 3 patients in groups 2 and 3 who 
had long delayed oesophagectomies 8, 13 and 28 days 
after perforation survived. 

Group 5— Conservative treatment: These 3 patients 
had had operations on the oesophagus either for the 
relief of cardiospasm or for repair of a hiatus hernia 
many years previously. They suffered perforations of 
the thoracic oesophagus following dilatation for 
recurrent dysphagia. In 2 a leak could not be demon- 
strated by barium swallow: one required a decortica- 
tion for an empyema and another had a Celestin tube 
inserted for a stricture. All 3 survived on con- 
servative treatment with parenteral feeding and 
antibiotics. 

Group 6—No treatment: One patient received no 
treatment. This was an 83-year-old man who sustained 
a perforation following attempted dilatation of a 
carcinoma of the cervical oesophagus and who died 
48 h later. 


Discussion 

The incidence of perforation following oesopha- 
goscopy in the published British series has varied 
from 0-2 to 1-9 per cent (Table II). Thirteen of the 
endoscopic perforations in this series occurred at 
Papworth Hospital, during a period when 1052 
endoscopic procedures were performed with the rigid 
oesophagoscope, giving an incidence of 1:2 per cent. 
Perforation may also complicate fibreoptic endoscopy, 
as in 2 cases in this series. 

Traumatic perforation of the oesophagus, whether 
post-instrumental or spontaneous, is a dramatic event 
and pain is its outstanding symptom. Following 
paraoesophageal procedures, it is difficult to assess 
the significance of pain as a symptom of oesophageal 
perforation and excessive drainage via the chest 
drains may provide the first suspicion of an oeso- 
phageal tear in these cases. Cervical crepitus and 
pyrexia are useful confirmatory signs of perforation. 

Plain radiography of the neck, chest and abdomen 
usually provides positive evidence of the presence of 
a perforation, but contrast studies of the oesophagus 
are necessary to establish the site and extent of the 
perforation. Failure to demonstrate a leak does not 
exclude a perforation (Berry and Ochsner, 1973), and 
if the clinical suspicion is strong, an attempt must be 
made to visualize the perforation by oesophagoscopy 
(Carter and Hinshaw, 1965). This is not a difficult 
manoeuvre, as even in perforations following dilata- 
tion of a stricture, the perforation is usually proximal 
to 1t. 

The principles of treatment of oesophageal perfora- 
tion do not differ from those applied to perforations 
in any other segment of the gastrointestinal tract. 
Early primary repair has the lowest morbidity and 
mortality. However, should the perforation occur 
through a fibrous stricture, as in one case in this series, 
primary healing is unlikely to occur, and oesophageal 
resection is the procedure of choice. 

Once infection is established, primary healing is 
unlikely to occur and suture of the perforation should 
not be attempted. Treatment is directed towards 


controlling infection by adequate drainage of the 
contaminated tissue spaces and by antibiotic therapy, 
and decompression of the oesophagus is achieved by 
withholding oral feeds. Adequate nutrition during 
this period, which averaged 31 days in this series, is 
maintained by the parenteral route. Delay in surgical 
intervention not only prolongs the period taken for the 
perforation to close, but also may lead to cervical and 
mediastinal abscesses and empyema. Six patients in 
this series had a decortication for an empyema and one 
developed a secondary haemorrhage. Failure to 
control infection accounted for 6 deaths in 11 thoracic 
and abdominal perforations treated by delayed 
drainage. Delayed drainage in 5 cervical perforations, 
on the other hand, was not associated with any deaths, 
although 4 developed abscesses and the fifth an 
empyema. 

Distal obstruction, when present, requires relief at 
the time of repair and drainage of the perforation. 
This was achieved by oesophageal intubation with a 
Celestin tube in 5 cases and by dilatation in 3 others, 
with no mortality. Oesophageal resection within 48 h 
was performed in 3 cases with distal obstruction, 
resulting in 1 death. On the other hand, all 3 patients 
who had long-delayed oesophagectomies to control 
continued intrapleural sepsis died. If oesophageal 
resection is to be successful, it must be performed 
early. For the late cases and for those in whom 
drainage alone has failed to control infection, oeso- 
phageal exclusion (Johnson et al., 1956; Triggiani and 
Belsey, 1977) should be considered. 

The surrounding tissue reaction has an important 
bearing on the eventual outcome and plan of manage- 
ment in oesophageal perforation. The success of a 
non-operative approach to perforations associated 
with lye strictures of the oesophagus is attributable to 
the surrounding perioesophageal fibrosis, limiting the 
spread of infection within the mediastinum (Hardin 
et al., 1967; Inberg et al., 1971). The perioesophageal 
fibrosis following previous oesophageal surgery was 
probably responsible for the successful outcome in 
the 3 cases treated conservatively. 

The overall mortality for the series was 32 per cent. 
The considerable difference in mortality between 
cervical and thoracoabdominal perforations (Table 
IIT) has been noted by others (Wychulis et al., 1969; 
Sawyers et al., 1975) and has prompted Bertelsen (1971) 
to advocate an expectant policy for cervical perfora- 
tions. The high incidence of septic complications in 
this group when surgical intervention was delayed 
suggests that immediate suture and drainage would 
minimize the morbidity, a conclusion also reached by 
Sawyers and his colleagues (1975). 

The better results with instrumental perforations 
(Table 1V) are due to the fact that one-third of these 
perforations was located in the cervical region and 
that they were diagnosed early. Our experience with 
the management of oesophageal perforation in 
association with carcinoma (Table V) refutes the 
claim of Keighley and his colleagues (1972) that this 
combination of circumstances is fatal. 

The time lapse between the occurrence of the per- 
foration and surgical intervention has a profound 
influence on morbidity and mortality (Table VI). In 
our series early closure of the perforation was 
associated with a 25 per cent mortality for thoraco- 
abdominal perforations and no complications in the 
survivors; a delay of over 24 h was associated with a 
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Table HE: MORTALITY IN RELATION TO SITE OF 
PERFORATION 


Oesophageal perforation 


Site No. of cases No. of deaths 
Cervical 7 1 (14%) 
Thoracic and abdominal 21 8 (3874) 


Table IV: MORTALITY IN RELATION TO 
AETIOLOGY OF PERFORATION 


Type of perforation No. of cases No. of deaths 


Instrumental 21 4 (195) 
Paraoesophageal surgery 4 3 (75%) 


Table V: MORTALITY IN RELATION TO 
UNDERLYING OESOPHAGEAL DISEASE 


Oesophageal pathology No. of cases No. of deaths 


Benign stricture 10 2 (20%) 
Carcinoma 6 2 (33%) 
No obstruction 12 5 (42%) 


Table Vi: RELATION BETWEEN MORTALITY AND 
INTERVAL BETWEEN PERFORATION AND 
TREATMENT 


«24h 24h 
Site of perforation No. Mortality No. Mortality 
Cervical 1 0 5 0 
Thoracic and abdominal 4 1 14 7 


high incidence of septic complications and a longer 
period of drainage in both cervical and thoraco- 
abdominal perforations, with a 50 per cent mortality 
in the latter group. Immediate surgical intervention is, 
therefore, advocated for all oesophageal perforations. 
Conservative treatment is likely to succeed only if the 
perforation is small and if the surrounding tissue 
reaction limits the spread of infection. 
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Spontaneous rupture of the oesophagus and 


massive pneumoperitoneum 


PETER E. THORNLEY AND JOHN WALLWORK* 


SUMMARY 

A case of spontaneous rupture of the abdominal 
oesophagus is described. The presentation, after an 
interval of 4 weeks from the onset of symptoms, was 
unusual, with massive pneumoperitoneum without 
peritonitis. 


Case report 

Four weeks after a sudden onset of left-sided chest and shoulder 
pain, the patient, a 30-year-old housewife, was seen in the 
medical outpatient department at the request of her general 
practitioner. The pain was made worse by inspiration and 
spread to the abdomen, especially on rising from the lying to 
the sitting position. There had been a single episode of vomiting 
at the start of the illness. 

She looked well; there was no fever or shock. The abdomen 
was slightly distended with mild generalized tenderness but 
there was neither guarding nor rebound tenderness. Bowel 
sounds were normal. Rectal and vaginal examinations were 
negative. 

A plain abdominal radiograph showed a massive pneumo- 
peritoneum (Fig. 1). Peripheral blood findings were: haemo- 
globin 12:3 g/dl, WBC 5-7 x 10*/1 (84 per cent neutrophils, 11 
per cent lymphocytes, 3 per cent monocytes, 2 per cent 
eosinophils), ESR 58 mm in the first hour. 

After admission to hospital her general condition remained 
Satisfactory. During the first 24h the abdomen became 
increasingly distended, although clinical signs of peritonitis did 
not develop. Laparotomy was performed on the second day of 
admission. The abdominal cavity contained a large quantity of 
odourless gas and a small amount of turbid fluid was found in 
the pouch of Douglas. A small left subphrenic abscess was 
opened on freeing adhesions between the spleen and diaphragm. 
Further inspection revealed a 2-mm perforation in the anterior 
wall of the oesophagus near the gastro-oesophageal junction. 
The edges of the perforation were slightly necrotic but there 
was no evidence of chronic ulceration. The perforation was 
repaired with three catgut stitches and the abdomen was closed. 
A large left subphrenic abscess was evacuated at a second 
laparotomy on the seventh postoperative day. Subsequent 
recovery was uneventful and complete. 


Discussion 
Rupture of a previously normal oesophagus usually 
occurs at the lower end of the thoracic oesophagus 
(Triggiani and Belsey, 1977). Spontaneous rupture of 
the abdominal oesophagus is less common (Barrett, 
1946; Bruno et al., 1963). In the latter instance, the 
onset of symptoms is typically sudden, leading within 
hours to the development of peritonitis which is often 
fatal in spite of early diagnosis and operation. Violent 
retching, vomiting or coughing are common pre- 
cipitating causes. 

In the patient described here the onset of symptoms 
was sudden, associated with a single episode of 
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Fig. 1. Radiograph of the chest and upper abdomen, 
showing massive pneumoperitoneum. 


vomiting, but after this the clinical course was unusual. 
There was a 4-week interval between the initial pain 
and clinical presentation with massive pneumo- 
peritoneum. There was little evidence of peritonitis at 
presentation or at laparotomy. Presumably the 
oesophageal rupture allowed escape of swallowed air, 
but not gastric contents, into the peritoneal cavity. 
This unusual presentation of an uncommon con- 
dition shows that early peritonitis does not invariably 
follow rupture of the abdominal oesophagus. 
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Results of a controlled randomized trial of proximal 
gastric vagotomy with and without pyloroplasty 


P. AEBERHARD AND M. WALTHER* 


SUMMARY 
The 1-5-year results of a prospective randomized trial 
of proximal gastric vagotomy (PGV) with and without 
pyloroplasty in 64 men operated upon electively for 
chronic duodenal ulcer are reported. The effects of the 
operation on gastric secretion, as tested at 6 months 
with pentagastrin and insulin, were the same in both 
groups. There was no statistically significant difference 
in the clinical results between the two groups. 

The authors conclude that the addition of pyloro- 


plasty makes little, if any, difference to the results of 


PGV. Pyloroplasty is thus better omitted as it adds 
nothing of value and may increase the risk of the 
procedure. 


PROXIMAL gastric vagotomy (PGV) as a surgical treat- 
ment for chronic duodenal ulcer has aroused con- 
siderable interest. The acceptance of this procedure 
by an increasing number of surgeons is mainly due to 
its low operative risk and relative lack of side effects. 

The unpleasant sequelae of operations for peptic 
ulcer, such as dumping, diarrhoea, bile vomiting and 
epigastric fullness, are mainly due to the effects of 
these operations on gastric motor function; gastric 
reservoir function is impaired by resection and/or 
abolition of the vagally mediated adaptation to a 
volume load. Resection of the antropyloric region, 
bypass of the pylorus by gastrojejunostomy or 
interference with the function of the gastroduodenal 
junction by pyloroplasty have a double adverse effect 
by impairing the control of gastric emptying and 
allowing reflux of bile into the stomach. It has been 
demonstrated that gastric retention does not occur 
after proximal gastric vagotomy and that a drainage 
procedure is not necessary with this operation. The 
safety of omitting pyloroplasty has been questioned, 
mainly by Holle and his group (Holle and Andersson, 
1974). Holle still holds very strongly that pyloroplasty 
is an essential step in the proximal gastric vagotomy 
procedure and should never be omitted. However, 
satisfactory results of proximal gastric vagotomy 
without a drainage procedure are being reported in 
increasing numbers, and the fears of a prohibitively 
high recurrence rate have not been substantiated. In 
those series in which disturbingly high rates of ulcer 
recurrence have been reported, they seem to be due 
to unsatisfactory vagotomy technique rather than 
to the omission of pyloroplasty (Liedberg and 
Oscarson, 1973). 

The question of whether pyloroplasty can be safely 
omitted from the proximal gastric vagotomy procedure 
has been studied in our department by means of a 
controlled randomized trial. 


Patients and methods 

The study was started in 1972. Male patients operated upon 
electively for chronic duodenal ulcer were eligible for inclusion. 
Patients with evidence of reflux oesophagitis, gallstone disease 
or other concomitant conditions such as renal or metabolic 
disturbance were excluded. The patients were randomly 


allocated to group A, in which proximal gastric vagotomy and 
pyloroplasty (PGVP) was performed, or to group B, in which 
PGV without a drainage procedure was carried out. 

Preoperatively all patients underwent a barium study, fibre- 
optic gastroduodenoscopy and a pentagastrin test. Symptoms, 
signs and laboratory findings were noted on à special docu- 
mentation card. 

The operations were performed by 21 different surgeons, 
but uniformitv of operative technique was assured by the 
presence of the senior author (P. A.) at the majority of the 
operations. Allocation to one of the groups was made intra- 
operatively after completion of the vagotomy, when an 
envelope containing the instruction ‘pyloroplasty’ or ‘no 
pyloroplasty’ was opened. In this way any influence on 
vagotomy technique could be prevented. For pyloroplasty 
patients the surgeon was free to choose between the Weinberg 
modification of the Heinecke-Mikulicz pyloroplasty or 
anterior hemipylorectomy. At the completion of vagotomy a 
search for residual vagal fibres was made using leucomethylene 
blue staining (Lee, 1969). 

The patients were seen in the outpatient clinic at 6 months 
and | year after the operation and then yearly up to 5 years 
postoperatively. When the patients presented for the first visit 
at 6 months after operation, gastric secretion was tested with 
pentagastrin and insulin. Pentagastrin was given in a dose of 
6 ug/kg body weight in both the pre- and postoperative tests. 
insulin tests were interpreted using the five criteria of Hollander 
(1948), Waddell (1957), Bachrach (1962), Bank et al. (1967) and 
Johnston et al. (1967). Insulin tests were considered negative 
when 0-2 criteria were fulfilled, and positive when 3-5 criteria 
were met (Gillespie et al., 1968). 

The patients were interviewed by a gastroenterologist and a 
surgeon. Presence or absence of the five ‘cardinal symptoms’ 
— pain, epigastric fullness, vomiting. dumping and diarrhoea-— 
was noted. Any apparent differences between the groups were 
analysed statistically using Fishers exact test. Details on 
frequency of occurrence, severity and whether or not medical 
advice had been sought were noted on the documentation card 
and the total information contained on the follow-up data 
sheets was then used for the determination of Visick grades 
(Goligher, 1974). 


Results 
Of 75 patients entered in the study, 64 (86 per cent) 
could be followed up as required by the study protocol. 
One patient died from myocardial infarction 3 years 
after the operation, 1 patient died in a traffic accident, 
2 patients did not report for the follow-up visits but 
let us know that they felt well and considered the 
control visits unnecessary and 7 patients have left 
Switzerland and could not be traced for further 
follow-up. Thirty-two patients in each group reported 
for the 6-month and 1-year examinations, 27 group A 
patients and 25 group B patients were seen at 2 years, 
19 and 11 at 3 years, 9 and 7 at 4 years and 3 and 
4 at 5 years. 

Preoperative data are summarized in Table I. Group 
A patients left the hospital from 5 to 20 days after the 
operation (mean 11 days) whereas mean duration of 
postoperative hospital stay was 7 days in group B (4- 
11 days) There was no operative mortality. In 4 
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patients splenectomy had to be performed for intra- 
operative lesion of the splenic capsule. There were 2 
cases of wound infection, both in the pyloroplasty 
group. 

There was no difference in postoperative MAO), 
between the two groups (Table IT), Average MAO 
was reduced by 57 per cent when compared with the 
preoperative value. The postoperative MAO,, was 
10:1 x71 meq/h in insulin-negative patients and 
18.15x6-9 meg/h in insulin-positive patients. The 
percentage reduction of MAO was 66 and 48 per cent 
respectively in insulin-negative and insulin-positive 
cases. 

Clinical results are presented in Tables III and IV. 
At 6 months after the operation the percentage of 
symptom-free patients was higher in the group with 
pyloroplasty; however, this difference failed to reach 
statistical significance. With longer follow-up periods 
there seemed to be a trend for the patients without 
pyloroplasty to fare rather better, but here again there 
was no statistically significant difference between the 
groups, nor was there any significant difference in the 
occurrence of dumping or any other symptoms at any 
period up to 3 years after the operations. 

There was an average increase in the haemoglobin 
concentration of 3-5 g/100 ml and an increase in the 
haematocrit value of 0-09 units during the follow-up 
period. Weight changes are represented in Table V, 
from which it can be seen that the majority of patients 
gained some weight during the postoperative follow- 
up period. 

No recurrent ulcers have so far been discovered in 
this series. 


Discussion 

The results of PGV have been evaluated in a great 
number of publications, but only a small minority of 
the reported series were controlled studies. Wastell et 
al. (1974) reported on the results of a prospective trial 
in which PGV (n — 52) was compared with PGV with 
Finney pyloroplasty (4 = 48). Follow-up was for 
1—3-75 years, after which 29 patients without pyloro- 
plasty and 19 of the patients with Finney pyloroplasty 
were in Visick grades I and If. Dumping was more 
common in the group with pyloroplasty. There was 
one recurrent ulcer in each group. Largiadér (1976) 
reported on a similar trial in which 46 patients had 
been studied. Follow-up was for 1-3 years and there 
was no difference in results between the two groups. 

In our own study 64 patients have been followed up 
for 1-5 years. MAO,, was reduced by an equal 
amount in both groups. The 66 per cent reduction in 
MAO in insulin-negative cases compares well with 
the results of a multicentre study on truncal vagotomy 
and drainage in which MAO was found to be reduced 
by 62 per cent in insulin-negative patients (Multicentre 
study, 1967). 

Proximal gastric vagotomy preserves more of the 
normal gastric motor function than any of the other 
current methods used in the surgery of duodenal 
ulcer. As many undesirable sequelae of gastric surgery 
are due to effects of the operation on gastric motility, 
one would expect to find significantly less symptoms 
on follow-up in the patients after PGV without 
pyloroplasty. However, this hypothesis has not been 
confirmed by the results of our trial. The addition of 
pyloroplasty seems to make little, if any, difference to 
the results of PGV. 
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Table I: COMPARISON OF PREOPERATIVE DATA 
IN THE TWO GROUPS 








Group A Group B 
(n 32) (n = 32) 
Mean age (yr) 39-5 +. 12-2 38-S4- 11-3 
(23-61) (18--62) 
Median age (yr) 37 36 
Duration of ulcer history (yr) 25 4-9 
Preoperative MAO,, (mmol/h) 35.1--9:7 34-15 49-95 


Table Il: SECRETION STUDIES AT 6 MONTHS 
AFTER THE OPERATION 


Group Á Group B 

(n = 32) {n= 32) 
MAO pg (mmol/h) 1504-109 14654625 
Reduction (5) ST.3 57.04 
Insulin-positive li 12 
Insulin-negative 21 20 


Table HI: INCIDENCE OF VARIOUS POSTOPERATIVE 
SYMPTOMS 





Group A Group B 
Symptom 6mth l yr 2yr 3yr 6 mth lyr 2 yr 3yr 
Symptom- 20* 22 18 1]0*  I2* 20 20 9** 
free 
Pain 3 2 2 2 6 4 2 1 
Epigastric 2 j J 5 2 | | 
fullness 
Vomiting 2 2 I 1 5 2 1 9 
Dumping 3 3 3 3 2 2 0 0 
Diarrhoea 2 2 2. 2 2 2 10 
* P= 0-08, ** P= 02. 
Group A: n= 32 (6 mth and 1 yr); 27 (2 yr); 19 G yr). 
Group B: n = 32 (6 mth and 1 yr); 25 (2 yr); 11 G yr). 
Table IV: VISICK GRADING 
6 mth | yr 2 yr " 3 vr 
Group A 
I 20 22 18 10 
(62-574) (687) (6655 (5375 
fl 8 6 6 6 
(23%. (19%) (22%) GI% 
IH 3 3 
(12-575) (13%) (12%) (16%) 
IV 0 0 0 0 
Total 32 32 27 19 
Group B 
I 12 20 20 9 
(37-5) (62-574) (80% (82%) 
H 15 8 5 2 
(47%) (25%. (2075 (18% 
il 4 0 0 
(15-35% (12:575) 
IV Q 0 0 0 
Total 32 32 25 li 





Table V: WEIGHT CHANGES DURING FOLLOW-UP 


Group A Group B 
lyr 2 yr | yr 2 yr 
Weight gain 25 20 26 19 
No change 2 3 3 3 
Weight loss 5* 4 At 3 
Average weight +2 kg +2 kg +3 kg -+35 kg 
change 





* Weight loss intentional in 1. 
t Weight loss intentional in 2. 
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There were no deaths and no significant post- 
operative complications in our series, but it is 
reasonable to assume that the addition of pyloroplasty 
does increase the risk of the procedure, as it converts 
a clean operation to a clean-contaminated one and 
carries a small but definite risk of suture line leakage. 
As the results of this study suggest that pyloroplasty 
js unnecessary with PGV, the authors conclude that 
the use of pyloroplasty in conjunction with PGV is not 
justified in cases of non-stenosing duodenal ulcer 
operated upon electively. 


References 

BACHRACH W. H. (1962) Laboratory criteria for the complete- 
ness of vagotomy. Am. J. Dig. Dis. 7, 1071-1085. 

BANK S., MARKS I. N. and Louw J. H, (1967) Histamine- and 
insulin-stimulated gastric acid secretion after selective and 
truncal vagotomy. Gut 8, 36-41. 

GILLESPIE G., GILLESPIE J. E. and KAY A. W. (1968) An analysis 
of the insulin test after vagotomy using single and multiple 
criteria. Gut 9, 470-474. 

GOLIGHER 7. C. (1974) An overall view of the surgical treatment 
of duodenal ulcer. Adv. Surg. 8, 1-27. 


HOLLANDER F. (1948) Laboratory procedures in the study of 
vagotomy. Gastroenterology 1, 419~425. 

HOLLE F. and ANDERSSON s. (ed.) (1974) Vagotomy, Latest 
Advances. Berlin, Springer-Verlag. 

JOHNSTON D., THOMAS D. G., CHECKETTS D. G. et al. (1967) An 
assessment of postoperative testing for completeness of 
vagotomy. Br. J. Surg. 54, 831-833. 

LARGIADER F. (1976) Proximal selective vagotomy without 
pyloroplasty. Eur. Surg. Res. 8, 4-11. 

LEE M. (1969) A selective stain to detect the vagus nerve in the 
operation of vagotomy. Br. J. Surg. 56, 10-13. 

LIEDBERG G. and OSCARSON J. (1973) Selective proximal 
vagotomy. Short term follow-up of 80 patients. Scand. J. 
Gastroenterol. SBB, 12. 

MULTICENTRE STUDY (1967) The effect of vagotomy on gastric 
secretion elicited by pentagastrin in man. Lancet 2, 534— 
$36. 

WADDELL W. R. (1957) The acid secretory response to histamine 
and insulin hypoglycemia after various operations on the 
stomach. Surgery 42, 652—658. 

WASTELL C., WILSON T. and PIGOTT H. (1974) Proximal gastric 
vagotomy. Proc. R. Soc. Med. 67, 1183-1185. 


Paper accepted 30.3.1978. 


SIEMENS 








Anewseries of units 
forelectrosurgery that will 
meet all yourrequirements. 


ass y 
a s 


Siemens know-how in solid state technology has 
made it possible to ensure that the RADIOTOM® 704 
surgical unit is compact enough to fit into the limited space 
available in an operating theatre. 

The new RADIOTOM 704 is designed asa table 
model which can also be used asan overhead box unit 
depending upon the theatre layout. The choice of special 
units offered includes with or without bipolar 
micro-coagulation, with or without an automatic protective 
gas facility and with or without a cold light facility. 

The RADIOTOM 704 is controlled by a minimum of 
sensibly arranged operating controls. It is light and compact 


-and high output power and built-in safety foryouand your ` For full details contact: Siemens Limited, 
patient. These advantages are designedinto the Medical Group, Siemens House, Windmill Road, | 
RADIOTOM 704 for all applications in electrosurgery. Sunbury-on-Thames, Middlesex, TW16 7HS. Tel: 09327 85691. 


Inthe world of electro-medicine 
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SISTS DESTRUCTION 
ESOLVES INFECTION 


Zinacef is a new, broad spectrum beta-lactam antibiotic with 
greatly enhanced stability to bacterial beta-lactamases. 

This stability gives Zinacef a broader spectrum than the vast 

majority of established antibiotics as well as greater intrinsic 

bactericidal activity. This new spectrum of activity is combined 
with a wide safety margin and excellent therapeutic qualities, 


Resisting destruction 

The value of the commonly used beta-lactam 
antibiotics is being constantly eroded by the growth 
of resistant populations of bacteria producing 
beta-lactamases. 

Zinacef has a sophisticated chemical structure, with | 
in-built protection against these enzymes which — | 
ffectively places it in a new class of antibiotics. 





[Cefuroxime]...is highly resistant to degradation 
by beta-lactamases 

Richmond M.H.& Wotton S., Antimicrobial Agents 
and Chemotherapy (1976) 10, 219 


The ability to resist destruction results in a greatly 
extended dinical spectrum; many pathogens, both 
Gram-positive and Gram-negative, resistant or 
partially resistant to established beta-lactam antibiotics, 
are sensitive to Zinacef's bactericidal effect, 












Resolving infection 
Zinacef is particularly appropriate for the treatment of 
serious, or potentially serious infections where causative 
organisms have not been identified or may be mixed. 
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Clinical trials involving infections by numerous pathogens in 
many regions of the body have provided evidence that, in 
general, Zinacef produces excellent bacteriological and 
dinical response, with no serious side effects. 


e Zinacef has minimal toxicity giving it a high therapeutic index. 


e Clinical trials have shown excellent renal tolerance. 
e There are no known clinically relevant adverse drug 
. interactions. 
e Adequate serum levels are rapidly achieved and are weil 
maintained. 


e Widely distributed with adequate levels in sputum, bile, bone 


and cerebrospinal fluid. 

e Zinacef is not metabolised. Large quantities, active and 
unchanged, are excreted in the urine. 

e Can be used safely in neonates. 

e Can be used with gentamicin. 


e It is compatible with commonly-used intravenous infusion fluids. 


e Patient tolerance is excellent both intramuscularly and 
intravenously. 


All or most strains sensitive 
Many strains sensitive 
Some strains sensitive 

Few strains sensitive 

All strains resistant 





Gram-positive organisms 
Stophylococcus aureus ( penicillin sensitive) 
(penicillin resistant) 
Staphylococcus epidermidis (albus). 
Streptococcus pyogenes — m 





Streptococcus pneumoniae 





Streptococcus mitis (viridans) i 





Streptococcus faecalis - 
Clostridium spp. l 
Gram-negative organisms 











Haemophilus influenzae 
E. coli 














Enterobacter spp. 





Proteus mirabilis 
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Proteus vulgaris 
Proteus rettgeri 











Proteus morganii 








Bacteroides spp. including fragilis 
Salmonella spp. 

Shigella spp. 

Neisseria gonorrhoeae 











Neisseria meningitidis 


Feeudowoncs aeruginosa 
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Prescribing information 


Presentation 
Vials of 250mg, 750mg and 1-5 gram and infusion pack of 1-5 gram. All 
containing cefuroxime as cefuroxime sodium. 


Indications 
Serious bacterial infection, especially where the organisms have not yet been 
identified. 

Conditions include: 

Chest infections 

Septicaemia 

Soft-tissue infections 

Obstetric and gynaecological infections 


Bone and joint infections 
Urinary tract infections 

Ear, nose and throat infections 
Meningitis 

Gonorrhoea 

Dosage 

Adults: Generally 750mg t.d.s. I.M. or I.V. Severe infections 1-5 gram t.d.s. I.V. 
Frequency of injections can be increased to six-hourly if necessary. 

Infants and children: 30 to 100mg. kg ‘day in 3 or 4 divided doses. 

60 mg/kg/day will be appropriate for most infections. 

Neonates: 30 to 100mg kg ‘day in 2 or 3 divided doses. 

Gonorrhoea: Single dose of 1-5 gram (2x750mg I.M. into different sites). 


Contra-indications 
Hypersensitivity to cephalosporins. 


Precautions 

Cephalosporins may, in general, be given safely to patients who are 
hypersensitive to penicillins. 

As with all drugs, cefuroxime should be administered with caution during the 
early months of pregnancy. 

Cefuroxime does not interfere with enzyme-based tests for glycosuria. 
Cephalosporins interfere with tests for glycosuria which use copper reduction 
methods or ferricyanide and for creatinine, the alkaline picrate assay. 

As with other antibiotics, prolonged use may result in the overgrowth of 
non-susceptible organisms. 

Cefuroxime should not be mixed in the syringe with aminoglycoside antibiotics. 
Reduce dosage when renal function is markedly impaired. 

The concurrent use of cefuroxime with potent diuretics is unlikely to cause 
problems at recommended dose levels. 


Side effects 
Adverse reactions are rare and generally mild and transient, e.g., rashes, 
gastro-intestinal disturbance, candida intertrigo, decreased haemoglobin 


concentration, eosinophilia, a positive Coombs test, transient rises in serum liver 


enzymes and transient pain (after I.M. injection). 


Storage 


The powder in the infusion pack and vials should be stored below 259C and 
protected from light. 


Product Licence number 


PL 0004. 0263 

Price to Hospital (exclusive of VAT) £ 

5x250mg 0-70 per vial 
5x750mg 2-10 per vial 
1-5 gram 4:20 


Full prescribing information on Zinacef 
(trade mark) is available from: 
Pharmaceuticals Division, Glaxo Laboratories 


Limited, Greenford, Middlesex UB6 OHE 


Glaxo 
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Now there is a practical alternative to surgery 
for calcium renal lithiasis: long-term prophylaxis with 
Zyloric. 

Zyloric has proved effective in preventing and 
treating calcium renal lithiasis in patients with raised 
serum or urinary uric acid. 

In a recent trial! 48 patients with hyperuricosuria 
were treated with Zyloric for an average of 3.88 patient 
years. The number of renal stones predicted for this 
period was 94.9. The actual number of stones formed 
was 8. Prior to treatment with Zyloric, half of these 
patients were hospitalised because of stone disease. 

A leading article? in the British Medical Journal, 
commenting on another clinical paper? stated *..the 
only criterion of success in the treatment of calcium 
stone disease is total cessation of stone formation. 

By this criterion, allopurinol (Zyloric) was greatly 
superior to the placebo: 


' Ann. intern. Med. (1977), 87, 404. 
2Brit. med. J.(1977), 2,1302. 
3 J. Urol. (1977),117, 690. 






Zyloric* (allopurinol) is available as 100 mg and Zyloric-300* 
(300 mg) tablets.Full prescribing information is available on request. 

For further information on recent clinical work in this area, 
please write to the address below. 


Wellcome Medical Division 
The Wellcome Foundation Ltd. 
Crewe, Cheshire 


RESEARCH IS OUR ONLY SHAREHOLDER Wellcome 


ZYLORIC-300 


stops renal stones starting 


*Trade Mark 
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The relationship between the rate of gastric emptying 


and the dumping syndrome 


D. N. L. RALPHS, J. P. S. THOMSON, S. HAYNES, 
C. LAWSON-SMITH, M. HOBSLEY AND L. P. LE QUESNE* 


SUMMARY 
Following an oral hypertonic glucose challenge, gastric 
emptying and changes in plasma volume were measured 
in 15 subjects before and in 36 subjects after a truncal 
or selective vagotomy with a drainage procedure. The 
symptoms experienced during the test were noted, and 
the postoperative patients divided into two groups, (a) 
20 patients who experienced dumping symptoms 
during the test and (b) 16 patients who did not. 

Gastric emptying was significantly faster and the fall 
in plasma volume significantly greater in those patients 


who experienced symptoms after the ingestion of 


hypertonic glucose than in those who did not, clearly 
demonstrating that the dumping syndrome is associated 
with an increased rate of gastric emptying. In addition, 
there was a significant positive correlation between the 
rate of gastric emptying and the fall in plasma volume. 


THe dumping syndrome is a well-recognized compli- 
cation of any of the operations that impair the physi- 
ological mechanisms controlling gastric emptying. 
During the past 25 years a number of studies have 
shown that in patients with this syndrome symptoms 
can be reproduced by the ingestion of various hyper- 
tonic solutions, of glucose in particular (Machella, 
1949), and that in these circumstances the symptoms 
are accompanied by a sharp fall in plasma volume 
(Roberts et al., 1954) which is significantly greater 
than that in symptom-free patients who have under- 
gone a similar operation (Le Quesne et al., 1960). For 
many years it has been widely believed that gastric 
emptying is faster in patients with dumping symptoms 
than in symptom-free patients, but most of the 
evidence concerning gastric emptying in such patients 
has been based on studies using barium as a marker of 
gastric emptying, and the relationship between the 
occurrence of dumping symptoms and the rate of 
gastric emptying has never been clearly defined. 

With the introduction of isotopic techniques, it is 
now possible to study gastric emptying under more 
physiological circumstances. However, many of the 
techniques described have been used without adequate 
validation. Accordingly, the reliability of technetium- 
99" (Tem) and indium-113™ (C In?) as markers of 
gastric emptying was studied. On the basis of this 
preliminary investigation, indium was used to study 
in detail the relationship between the rate of gastric 
emptying on the one hand and the occurrence of 
dumping symptoms and the fall in plasma volume 
following the ingestion of hypertonic glucose on the 
other. For this purpose, the effects of ingesting hyper- 
tonic glucose labelled with U?In" were studied in a 
group of patients after vagotomy and a drainage 
procedure; some of these patients had also been 
studied before operation. 


Patients and methods 
Fifty-one studies were performed on 36 patients who 
had been diagnosed as having duodenal ulceration on 


barium meal examination. Fifteen patients were 
studied twice, i.e. before and after operation, while the 
remaining 21 were tested in the postoperative period 
alone. The operation performed was either a truncal 
(16 patients) or a selective (20 patients) vagotomy 
with a drainage procedure; this was a Heineke- 
Mikulicz pyloroplasty in 15, a gastrojejunostomy in 
13 and a gastroduodenostomy in 8 patients. Twenty 
of the 36 patients tested postoperatively developed 
typical dumping symptoms during the study but the 
remainder were symptom-free. There was no signifi- 
cant difference in the age, sex, weight or height of the 
patients who had undergone either type of vagotomy, 
or who did or did not respond to the test with 
dumping symptoms. The informed consent of all 
subjects was obtained before the tests were carried out. 


Methods 


For each study the patient fasted overnight and was positioned 
semi-recumbent in a dental chair. An indwelling cannula was 
inserted into a large antecubital vein for withdrawal of blood 
without stasis for the measurement of the haematocrit. 

After taking 2 basal samples with a 10-min interval between, 
5 min after taking the second sample the patient drank 200 ml 
of 50 per cent glucose, containing 1-5 mCi of !'3In? chelated 
with 0-05 ml of 10 per cent DTPA (diethylenetriaminepenta- 
acetic acid). Further venous samples were withdrawn every 
5 min up to 30 min, and at 40, 60, 90 and 120 min after drinking 
the glucose. The patient was asked to volunteer any symptoms 
experienced, and on the basis of these the presence or absence 
of dumping during the test was decided. 

Gastric emptying was measured for 70 min using a Nuclear 
Enterprises Mark IV gamma camera system. Within 2 min of 
drinking the glucose solu.ion a cut-out of the stomach outline 
was made in lightproof paper and used to mask off the radio- 
activity emanating from the small bowel, so that counting over 
the stomach image using a photomultiplier tube could be 
started by the third minute after ingestion of the meal. The 
counts, corrected for physical decay of the isotope, were 
plotted against time, and the shape of the curve noted. In 
addition, two indices of gastric emptving have been employed: 
(a) T$, that is the time in minutes for the maximum count to 
be reduced by 50 per cent; (^) the initial rate, assessed from the 
reduction in counts from the first recorded minute to the tenth 
minute after taking the meal. The straight line which best fitted 
these points was calculated using the method of least squares 
and the rate expressed as percentage fall per minute. 

Each 2-5-ml sample of blood was mixed gently in potassium 
EDTA (Sequestrene) tubes. The haematocrit was determined 
using the Hawksley microtechnique, a method evaluated by 
Saunders (1961). For each sample after the two basal ones the 
percentage fall in plasma volume CY) was calculated from the 
formula: 


A I0 SI eye T 
Dow [io Ht, 


| x 100, 


where ff, is the average of the two basal haematocrit deter- 
minations and H7, is the haematocrit at the time of sampling 
(Le Quesne et al, 1960) These figures not only gave the 
maximum fall in plasma volume, but also allowed calculation 
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Table 1: THE HALF-LIFE MEASURED IN EACH OF 
THE 3 STUDIES PERFORMED ON 5 NORMAL 
SUBJECTS TO TEST THE REPRODUCIBILITY OF 
ESTIMATING GASTRIC EMPTYING USING "In? 


D. N. L. Ralphs et al. 





Study 1 Study 2 Study 3 
Subject T, T, T, 
i 69 61 72 
2 91 97 86 
3 67 46 40 
4 69 82 80 
5 66 66 7 


tan 








Paired differences: n — 15; mean 1:47; s.d. 11:78; 7 0-242. 


Table II: INCIDENCE OF THE TYPES OF GASTRIC 
EMPTYING CURVE IN THE 3 GROUPS OF 
PATIENTS 








No. of Type of curve 
studies A B C 
Preoperative 15 3 li i 
Postoperative 
Symptom-free 16 1 10 5 
Dumping symptoms 17 I 3 i3 


of the rate of fall, derived from the straight line which best 
fitted the points from the basal haematocrit to that showing 
the greatest fall (Thomson et al., 1974). 


Statistical methods 

Non-parametric tests have been used throughout the analysis 
of the results with three exceptions: (a) as the data relating the 
dye dilution and haematocrit methods of measuring plasma 
volume were normally distributed, the correlations between 
these and the two methods of expressing changes in plasma 
volume fall were calculated using Pearson's r; (5) a least 
squares linear regression method was used to draw the line in 
Fig. 5; (c) Students 7 test was used to compare the differences 
between the studies in Table 7. Elsewhere, the Wilcoxon rank 
sum test was used when comparing means and Spearman's ¢ 
for the correlations between gastric emptying rates and plasma 
volume changes. 


Validation of methods 

Gastric emptying: initial studies of gastric emptying were 
carried out with ’Tc™ as the label. However, when barium was 
added to the glucose solution to enable comparison between 
radiological and isotopic assessments of emptying, 30-40 per 
cent of the test solution appeared to reside in the stomach when 
judged from the isotopic activity, whereas on radiological 
grounds it was empty. Similar qualitative tests with fn 
showed agreement between external counting and the radio- 
logical assessment of emptying, indicating that the in ium 
remained dispersed throughout the gastric contents and was 
not absorbed on to the gastric mucosa. 

In 3 normal subjects tests of absorption of the ! In? label 
were performed. Two hours after taking the glucose the subiect 
was asked to empty his bladder and the urine specimen was 
placed in a well counter. The maximum count obtained was 
0-18 per cent of the oral dose. For the following 3 days faecal 
collections were made and the percentage recovery of the 
initial dose was calculated. In each subject this was more than 
90 per cent. 

Analysis of gastric samples obtained by aspiration through 
a nasogastric tube following ingestion of a hypertonic 
glucose solution containing the unabsorbable marker poly- 
ethylene glycol (PEG) as well as the indium label was per- 
formed in 2 normal volunteers. These showed a constant 
relationship between the concentration of PEG and the con- 
centration of isotope activity within the samples obtained at 
15-min intervals for 90 min following ingestion of the test 
solution. 

Gastric emptying was measured in 5 normal subjects on 
three separate occasions under the conditions described above 


(Table I). Statistical analysis of the data showed no significant 
difference between the half-life of the meals on the separate 
Occasions in the same individual. Bearing in mind the many 
factors which may influence gastric emptying. the results 
indicate that the test gives satisfactorily reproducible results. 

The above studies indicate that 'In™ gives a reliable 

measure of gastric emptying. In addition, its suitability for use 
with a gamma camera and the short half-life of 96 min make 
the isotope particularly suited to measuring the rate of gastric 
emptying. 
Plasma volume changes: The validity of calculating the fall in 
plasma volume from changes in haematocrit is based on 
previous studies. In our original investigations (Le Quesne et 
al. 1960) changes in plasma volume were measured by dye 
dilution using Evans Blue, and at the same time changes in 
haematocrit were also recorded. The correlation between these 
two indices is shown in Fig. 1. On the basis of this study it 
was concluded that changes in haematocrit accurately reflect 
the real changes in plasma volume. 

The two different methods of quantifying the fall in plasma 
volume, ie. the maximum and the rate, correlated closely 
(r -—0-9415, P<0-0001), confirming the previous studies of 
Thomson (1974). In effect, this means that, provided the blood 
is sampled at sufficiently frequent intervals to give an accurate 
measure of the maximum fall, either method is a sausfactory 
index of this fall. 


Results 

Pattern of gastric emptying 

Analysis of the curves of gastric emptying showed that 
they could be divided into three types (Fig. 2). One 
type (the A curve) showed little or no emptying for 
the first 15 min followed by a steady rate of emptying 
in an exponential form. A second type, the B curve, 
showed a constant rate of emptying in an exponential 
form from the beginning of measurement. A third 
type, the C curve, showed an initial rapid phase of 
emptying which, at about 15 min after the meal, 
changed abruptly to a slower rate. 

It was possible to assign 48 of the 51 gastricemptying 
curves to one of these three patterns. In the other 3 
studies the test had to be terminated prematurely 
because of the development of severe dumping 
symptoms, and in each instance the initial part of the 
curve had shown rapid emptying. The distribution of 
the different types of curve in the pre- and two post- 
operative groups is shown in Table Il. The high 
incidence of C curves in patients with dumping 
symptoms, in contrast to the high incidence of A and 
B curves in the symptom-free groups, is highly 
significant (y* = 12-68, df = 4, P<0-0005). Bearing in 
mind that the early gastric emptying was rapid in the 
3 patients in whom the test had to be terminated on 
account of severe symptoms, the difference in the 
incidence of C curves is probably even greater than 
indicated by these calculations. 


Initial rate of gastric emptying 

The initial rate of gastric emptying in the symptom- 
free postoperative patients did not significantly differ 
from that in the preoperative studies. However, those 
patients who suffered dumping symptoms during the 
test showed a significantly faster initial rate of 
emptying than those without such symptoms after 
surgery and those studied before operation (Wilcoxon 
test, P « 0:01) (Fig. 3). 


Half-life of the meal 

The half-life in the symptom-free postoperative 
patients was not different from that of the pre- 
operative patients. However, the 7, in those patients 
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Fig. 1. The relationship between the fall in plasma volume 
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Fig. 5. The relationship between the rate of plasma volume 
fall and the gastric emptying 7, in the 51 studies. 


Table HI: STATISTICAL RELATIONSHIP BETWEEN 
PLASMA VOLUME CHANGES AND GASTRIC 
EMPTYING IN ALL 5i STUDIES 


Gastric 
Plasma volume emptying Fg P 
Maximum fall Initial rate 0-736 < 0-001 
Max'mum fall T, —0-726 < 0-001 
Rate of fall Initial rate 0-789 < 0-001 
Rate of fall T, —0-680 < 0-001 


with dumping symptoms was significantly less than 
in those without symptoms and in those studied 
before operation (Wilcoxon test, P 0-01), as shown 
in Fig. 4. 


Correlation between measurements of gastric emptying 
and plasma volume fall 

Both the maximum plasma volume fall and the rate of 
plasma volume fall showed significant correlations 
with the initial rate of gastric emptying and with the 
T, (Table III). This is illustrated by Fig. 5, which 
shows the relationship between the rate of fall of 
plasma volume and the 7). 


Discussion 

The use of a meal labelled with a radioisotope for the 
measurement of gastric emptying is now an established 
technique. It was first used in 1966 by Griffiths et al. 
(1966) with a chromium isotope. In 1970 Harvey et al. 
reported the use of a gamma camera rather than a 
scintiscanner for this type of examination. This 
allowed for continuous counting of the isotopic 
activity and for the gastric emptying to be monitored 
in the sitting rather than the lying position. The 
choice of radioactive isotope is important. Our 
studies show that technetium tends to become 
dissociated from the meal and to be absorbed on to the 
stomach wall; this may lead to overestimation of the 
emptying time of the meal. Heading et al. (1971) have 
evaluated indium as a label of the test meal; the 
experience reported here adds to their conclusion 
that the isotope gives a reliable measure of gastric 
emptying and, in normal subjects, satisfactorily 
reproducible results. 


Oral hypertonic glucose, although an artificial 
challenge, has been used by several workers (Roberts 
et al., 1954; Amdrup and Jorgensen, 1956; Le Quesne 
et al., 1960) to provoke attacks of dumping. They ail 
found a close similarity between symptoms experienced 
on testing and those after a normal meal. In this 
study we have used a somewhat larger challenge. A 
review of the data confirmed that the 200 ml of 50 
per cent glucose resulted in symptoms comparable 
to those after an ordinary meal, though in a few 
patients these were of a more severe degree. 

In his original observations, Hertz (1911) noted that 
those patients with post-cibal symptoms following 
gastrojejunostomy had rapid gastric emptying, as 
judged subjectively. Subsequent studies have implied 
this relationship, as indeed does the use of the word 
‘dumping’, first introduced by Mix (1922), although in 
fact there is little or no objective evidence that the 
dumping syndrome is associated with unduly rapid 
gastric emptying. The present study shows clearly and 
for the first time that patients who experienced no 
dumping symptoms after surgery have a normal rate 
of gastric emptying, but that those who do experience 
dumping symptoms have both a significantly increased 
rate of emptying and a different emptying pattern. 
The early rapid emptying of those with symptoms 
suggests that events during the first few minutes after 
taking a meal may determine whether or not the 
patient will develop symptoms. 

This study has demonstrated a close correlation 
between the rate of gastric emptying and the plasma 
volume fall. It is possible that both these changes are 
related indirectly to a third unknown factor, but It is 
more likely that there is a direct causal relationship 
between the two. It seems probable that the rapid rate 
of gastric emptying results in a greater volume of 
osmotically active solution entering the upper small 
intestine, this in turn attracting a larger amount of 
fluid across the mucous membrane into the lumen of 
the intestine, with a consequent greater fall in plasma 
volume. Such a course of events would account, for 
the most part, for both the abdominal and systemic 
symptoms experienced by those with the dumping 
syndrome, the abdominal symptoms resulting from 
intestinal distension and the systemic symptoms from 
the fall in circulating volume. This study reinforces 
the view that the primary defect in the dumping 
syndrome is a disturbance of the mechanisms 
normally responsible for the control of gastric 
emptying. 
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Diets and stoma function 


B. G. GAZZARD, B. SAUNDERS AND A. M. DAWSON* 


SUMMARY 
Fifty ileostomy and 50 colostomy patients were ques- 
tioned as to which foods upset their stoma function. 
Most patients had no problem in finding a suitable diet 
and 70 per cent would eat any food on occasions, 
although half the patients found that side effects with 
particular foods were a nuisance. Only a small range 
of foodstuffs seemed to produce symptoms in a signi- 
ficant proportion of patients. 

We feel that no particular foodstuff should be elimi- 
nated from a diet without an adequate trial as most 
patients are able to eat entirely normally. 


THE assumption that dietary factors are important 
in generating gastrointestinal disturbances is a part 
of the folklore of medicine. Thus, many patients and 
doctors are convinced that various foods induce 
embarrassing flatus and odour or produce a more 
liquid bowel action. It is not surprising, therefore, 
that patients with an artificial anus present on the 
anterior abdominal wall should seek advice about 
the effects of diet on their stoma action. Although 
this problem has been investigated previously, the 
validity of the results of one large survey of ileostomy 
patients is doubtful as only 20 per cent of the patients 
responded to the questionnaire (Thomson et al, 
1970), and few details of particular foodstuffs causing 
stoma dysfunction are included in another study of 
patients with colostomies (Devlin et al., 1971). We 
have therefore conducted a survey of both ileostomy 
and colostomy patients to compare and contrast the 
effects of diet in these two groups. 


Patients and methods 

A series of patients (50) attending the stoma therapy clinic 
was interviewed by a trained stoma care nurse or doctor 
and a questionnaire was completed. The same questionnaire 
was sent to 52 other patients and all but 2 replied. Thirty of 
the 50 patients with an ileostomy had suffered from ulcerative 
colitis and 3 of the other 20 who had had Crohn's disease had 
undergone terminal ileal resections of ll! cm or more. A 
majority of the 50 patients with colostomies had had their 
operation performed for carcinoma of the large bowel. Five 
now had a transverse colostomy and the rest a stoma of the 
sigmoid colon. Only patients whose stoma had been present for 
at least 6 months were questioned to ensure that sufficient time 
had elapsed for the effects of dietary changes to be assessed. 


Results 

The 50 colostomy patients (mean age 48 vears, range 
28-74 years) were, on the average, older than the 50 
patients with ileostomies (mean 32 years, range 19- 
64 years), although the number of women in the 
two groups, 33 and 36 respectively, was similar. 
There were no differences between the answers to 
the postal questionnaire and those completed by the 
doctor or stoma care nurse. Likewise the patients’ 
age, sex and underlying disease had no obvious effect 
on the answers. 


lieostomv patients 
Although no objective assessment of stoma effluent 
was made, 36 of the 50 patients described this as 


Table I: NUMBER OF PATIENTS PRODUCING 
EXCESSIVE FLATUS, ODOUR OR A LIQUID 
MOTION WITH EACH OF THE FOODSTUFFS 
LISTED 

Ifeostomy (# = 30) 


—————————————————— ÁÁ————————— 








Flatus Odour Liquid 
Green vegetables 16 3 9 
Onions 6 6 2 
Fruit i 0 6 
Eggs 3 13 l 
Fish Q 17 3 
Cheese 1 7 2 
‘Spices’ 2 3 { 

Colostomy (== 50) | 

Flatus Odour Liquid 
Green vegetables 23 14 13 
Onions 13 5 : 
Fruit 5 0 21 
Eggs 2 2 H 
Fish i 3 2 
Cheese i l 0 
‘Spices 2 i 4 
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semi-solid and the others as liquid. All those with 
terminal ileal resections owing to Crohn's disease had 
a liquid motion, but otherwise the response of the 
stoma effluent to foods in the patients with Crohn's 
disease was similar. Fifteen patients took codeine 
phosphate or diphenoxylate to improve the consis- 
tency of the motion. 

Nearly all the patients found their ileostomy to be 
most active after their main meal of the day, thus in 
40 the greatest output was in the early evening. Only 
4 feit that a particular sort of food induced a bowel 
action. 

Twenty-five of the patients avoided some particular 
foodstuff because of its effect on stoma function, but 
only 10 excluded that item completely from their diet. 
The other patients felt that occasional stoma dysfunc- 
tion was preferable to a rigid diet. Twenty-six patients 
found that certain foods produced excessive flatus, 
the commonest offenders being various vegetables 
(Table 1). The vegetables mentioned most frequently 
were cabbage (10 patients), cauliflower (6) and haricot 
beans (baked) (6). Excessive smell was a problem in 
34 patients, the most frequently mentioned offenders 
being fish and eggs. Eleven patients volunteered that 
this had become less of a problem since the intro- 
duction of odour-free bags. Certain foods were thought 
to produce a more liquid motion in 37 of the patients 
but as such a wide range of foods was mentioned, and 
none particularly frequently, these have not all been 
included in Table J. Foods with high residue, such as 
nuts, were avoided by 10 patients because of obstruc- 
tion at the stoma outlet. 


* Departments of Gastroenterology and Stomatherapy, St 
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Over half the patients (32) avoided fizzy drinks or 
beer because of excessive wind and 3 felt that these 
beverages produced a more fluid motion. Those 
patients who drank more concentrated forms of 
alcohol did not find that this had a reproducible 
effect on stoma function. Only 7 patients felt that 
their stoma was more active on holiday and all of 
them related this to dietary indiscretion. 


Colostomy patients 

Of the 50 colostomy patients, 19 described their 
effluent as solid, 26 as semi-solid and 5 as liquid. 
Only 8 of the 19 patients with solid effluents were 
confident enough to dispense with a colostomy bag 
for part of the day and 3 of these had been taught to 
irrigate their colostomy. Eleven patients took codeine 
phosphate and 2 diphenoxylate to regulate the con- 
sistency of the effluent. In contrast to the ileostomy 
patients a majority of those with colostomies (35) 
found that their stoma was most active in the morn- 
ing after breakfast. 

A similar number of patients (28) tended to avoid 
certain foods because of liquid motion, excessive 
smell or gas. However, only 18 eliminated those 
items of food from the diet completely. Problems 
with particular foods did not appear to be related to 
the site of the colostomy. Rather more patients with 
colostomies (35) found massive wind a problem, 
particularly after eating vegetables or fruit (Table I). 
Fourteen patients found the eflluent odour offensive 
following vegetables, but few patients had problems 
with fish or eggs. As might be expected, fruit pro- 
duced fluid colostomy effluent in many patients and 
all but 8 connected certain foodstuffs with increased 
looseness, but only | patient found that bulk foods 
produced obstruction of the stoma outlet. Only 11 
patients were troubled by beer or gaseous drinks, 
which produced a liquid motion rather than exces- 
sive flatus. Nearly half the patients (23) found that 
their colostomy function was disturbed while away 
on holiday. Most had a more liquid motion but 4 
patients became constipated. 


Discussion 

None of our patients with stomas found any difficulty 
in choosing a suitable diet. Indeed, over half the 
patients were prepared to eat anything on occasions. 
These findings are in broad agreement with those of 
Devlin et al. (1971), who considered that 47 per cent 
of their patients ate normally as they excluded less 
than three items of food. Likewise, 87 per cent of the 
patients in a large ileostomy survey (Thomson et al., 
1970), had no difficulty in choosing a suitable diet, 
although a huge range of foodstuffs was complained 
of by individual patients. In the present series only 
a few foods appeared troublesome, and indeed green 
vegetables and onions were the only ones to consis- 
tently cause problems in both types of patient. Eggs 
and fish produced excessive odour only in ileostomy 
patients and green vegetables were not troublesome 
in this respect, although colostomy patients reported 
that they produced smell. This suggested that green- 
stuffs might require the action of colonic bacteria to 
produce an offensive smell, but Thomson and his 
colleagues (1970) found that a proportion of their 
ileostomy patients noted excessive odour with these 
foods; bacteria colonizing the terminal ileum might 
have been responsible for the smell in these patients. 
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These authors also showed that eggs only produced 
smell if they were fried, whereas fish was troublesome 
however cooked. 

Very little objective research appears to have been 
done on the effect of different diets on the consistency 
of stoma effluent. In one paper on this subject it was 
shown that in 7 patients orange juice, milk, potatoes, 
beans, port and aerated drinks have no effect on 24- 
hour ileostomy volume while this was increased by 
757 g following 200 g of prune juice (Kramer et al., 
1962). Indeed, relatively few of our ileostomy patients 
noted much effect with fruit, aerated drinks or alcohol, 
although gaseous drinks sometimes produced excessive 
wind. This is again in contrast to the finding of Thom- 
son et al. (1970) that alcohol increased ileostomy 
effluent in 23 per cent of patients. Fruit and alcohol 
certainly have a cathartic action on the colon, as 
many of our patients found that they produced a 
loose motion. 

Most manuals of stoma care advise extra precau- 
tions on holiday. Many of the patients in our series 
seemed to notice no change in bowel function when 
away, but colostomies were more frequently trouble- 
some in this respect than ileostomies. 

Several factors influence the range of diet that 
patients can tolerate; we believe the most important 
of these is the patient's mental state. Devlin et al. 
(1971) showed that 20 per cent of his 83 patients 
with an end colostomy were disturbed psychologically 
and 19 of them were excessively preoccupied with the 
stoma's function. In another series, 26 of 61 patients 
with a colostomy had episodes of depression post- 
operatively, but it was not possible to say whether 
these were the patients who restricted their diet most 
severely (George et al., 1975). One of the patients in 
this series limited her intake to toast and water during 
a depressive episode because of ileostomy problems. 
Her mental state recovered with antidepressants and 
her diet became more varied. On stopping the tablets, 
however, she became depressed again and limited her 
food intake as previously. 

A second factor is probably the underlying disease; 
some patients with a stoma have so much trouble 
with their bowels preoperatively that their food intake 
can be much more varied after operation, and they 
may find side effects of their diet more acceptable than 
those with little previous intestinal upset. Thus, of 
patients with an ileorectal anastomosis for ulcerative 
colitis, 18 per cent had no dietary restrictions post- 
operatively compared with only 7 per cent of those 
having a similar operation for colonic polyposis 
(Newton and Baker, 1975), Similarly, several of our 
patients who had suffered from ulcerative colitis 
remarked that their dietary problems with an ileo- 
stomy were 'trivia compared with their previous 
complaints. 

It appears from the study of Thomson et al. (1970) 
that patients with ileostomies appear to experience 
increasing difficulty in choosing a suitable diet some 
years after a stoma has been fashioned. Women par- 
ticularly had initial problems in finding a satisfactory 
diet, but this appeared to improve only to become 
more difficult again 10 or more years after the ileo- 
stomy had been established. Men appear to be less 
fastidious about their intake. An important finding 
in colostomy patients, which also probably applies 
to those with an ileostomy, is that a greater propor- 
tion of manual labourers and their spouses restricted 
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tbeir diet than those from other social classes. Many 
of the foods which appear to cause little stoma upset, 
such as steak, are expensive and di advice obvi- 
ously has to be geared to the economic circumstances 
of the patient. 


Conclusion 

There is no evidence that any foodstuff always pro- 
duces problems in patients with 1leostomies and colos- 
tomies and we feel strongly that patients should be 
urged to experiment with their diet following the 
fashioning of a stoma, as many are able to eat any- 
thing. All dietary items which appear to cause prob- 
lems should be tried on at least 3 separate occasions 
before being eliminated and it cannot be emphasized 
too strongly that in maintaining a healthy balanced 


diet, the guidance of a stomatherapist with plenty of 
common sense is invaluable. 
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Kock's continent ileostomy : results of 51 operations 
and experiences with correction of nipple-valve 


insufficiency 
A. PALMU AND A. SIVULA* 


SUMMARY 

Fiftv-one Kock's continent reservoir ileostomies were 
performed over a 4-year period. Immediate post- 
operative complications included 2 perforations of the 
reservoir, causing the death of 1! patient, 4 faecal 
fistulas and 8 intestinal obstructions. After a follow-up 
of more than 3 years in 22 cases, of 1-3 years in 21 cases 
and of less than 1 year in 8 cases an excellent functional 
result was attained after the first operation in 31 cases. 
Fifteen patients had to undergo reoperation owing to 
leakage of gas and bowel contents and difficulties in 
catheterization, Reoperation revealed three different 


causes of nipple insufficiency: total or partial sliding of 


the invaginate in 6 cases, dislocation of the nipple out 
of the reservoir in 6 cases and a fistula at the base of the 
nipple in 3 cases. Correction of the nipple-valve was 
performed using a modified invagination technique. 
After reoperation an excellent functional result was 
attained in 12 out of 15 cases. Thus, the functional 
result in the whole series was excellent in 43 patients. 

The symptoms of nipple-valve insufficiency appeared 
in most of the cases during the first 3-6 months post- 
operatively, Since there is a good chance that reoperation 
will correct the failure, the procedure should be carried 
out without delay after the appearance of disturbance in 
nipple-valve function. 


Ir appears evident that an ideally working Kock's 
ileostomy is more advantageous as regards the 
quality of life than a conventional one. The volume 
of the reservoir is such that it requires emptying not 
more than three times a day and the nipple-valve 
makes the reservoir totally continent in respect of 
both gas and intestinal contents. In practice, however, 
disturbances in the function of the nipple-valve have 
caused difficulties in passing the tube and incontinence 
Of various degrees. As well as favourable accounts 
(Cameron, 1973; Kock, 1973, 1976; Halvorsen and 
Heimann, 1975; Gelernt et al., 1977), less satisfactory 
results have been reported (Goligher and Lintott, 
1975; Beahrs, 1976). 

Our experiences are based on 51 operations over a 
4-year period. An analysis of the primary results and 
details of experiences with 15 patients with nipple— 
valve insufficiency are presented. The causes of nipple 
insufficiency and the results of operative correction of 
the nipple-valve by a modified technique are also 
described. 


Patients and methods 

Kock's ileostomy was performed in 41 patients between 
October 1972 and March 1977. In 17 cases the procedure was 
carried out in connection with proctocolectomy and in 34 cases 
the operation was a conversion from a previous conventional 
ileostomy. Twenty-one patients were female and 30 male. The 
mean age of the patients was 33-1 years (range 18-60 years). 
Colonic pathology included ulcerative colitis in 48 patients, 
familial polyposis in 2 and Crohn's disease in | patient. AH the 


operations involved making an isoperistaltic outlet with a 
nipple-valve according to Kock's technique. 


Results 

Mortality and morbidity 

The details of early and late morbidity are listed in 
Table I. Perforation of the reservoir and peritonitis 
occurred in 2 patients, causing death in 1. In 1 patient 
necrosis of the nipple-valve and stoma necessitated 
excision of the reservoir and the construction of a 
conventional ileostomy. In 4 cases a faecal fistula 
closed spontaneously on conservative treatment. Four 
of the 8 patients who developed intestinal obstruction 
had to undergo reoperation. 


Table I: EARLY AND LATE COMPLICATIONS IN 
581 KOCK'S CONTINENT ILEOSTOMIES 

No. of 
patients Treatment 


Complication Result 


Early complications 
Intestinal obstruction 8 Recovered 4 


Recovered 4 


Conservative 4 
Operative 4 
^" 


Perforation of the 2 Operative Recovered 1 
reservoir Died I 
Fistula from the 4 Conservative 4 Recovered 4 
reservoir to the 
wound 
Necrosis of the i Operative 1 Reservoir 1 
terminal segment removed 
Total 15 
(29% 
Late complications (n = 49) 
Intestinal obstruction | Operative | Recovered | 
Perforation of the 2? Operative 2 Recovered | 
reservoir Died [ 
Abscess of anterior l Operative | Recovered | 


abdominal wall 

and fistula from 

the reservoir 
Haemorrhage 3 
Total 7 
(1425) 


pP ————————Má EE EE 


Conservative 3 Recovered 3 


One patient succumbed due to a late complication; 
this was a female whose ileostomy had worked 
perfectly for 34 years. Owing to an acute psychosis, 
catheterization was omitted and perforation of the 
reservoir caused septicaemia and death. A faecal 
fistula appeared in 1 patient 2 years and 3 months 
after operation without preceding disturbance in the 
function of the ileostomy. Three patients suffered 
bleeding from the reservoir that necessitated 
transfusions. 


Functional results 
Table IT shows the functional results. An ileostomy is 
considered ‘excellent’ if catheterization can be carried 
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out without any difficulty and the continency of the 
reservoir is perfect. A ‘good’ result means that despite 
temporary difficulties in catheterization and occasional 
leakage of intestinal contents, the patient is satisfied 
and no external appliance is needed. An 'unsatis- 
factory’ ileostomy implies that there is persistent 
leakage and constant difficulties in passing the tube, 
for which reoperation is required. Table II presents the 
functional results after a follow-up of 3 years in 22 
patients, of 1—3 years in 21 patients and of less than | 
year in 8 patients. 


Insufficiency of the nipple-valve 
The Kock’s ileostomy functioned faultlessly at first in 
almost all the cases. Difficulties in catheterization and 
leakage appeared in 8 cases during the first 3 months, 
in 5 cases 3-6 months after the operation and in 2 
cases later than 6 months postoperatively. 

In these 15 unsatisfactory cases an operative correc- 
tion was performed. One of the reoperated patient had 
to wear an external appliance. The others had 





Fig. 1. Total sliding of the nipple-valve so that it no longer 
projects into the reservoir but is accommodated in and 
expands the base of the exit conduit. 


difficulties in passing the tube; catheterization had to 
be performed frequently and constant leakage 
demanded the use of bandages. The corrective opera- 
tion was performed 4-48 months, on the average 18 
months, after the appearance of the first signs of 
nipple-valve insufficiency. 

At reoperation three different causes for nipple 
insufficiency were found: total or partial sliding of the 
invaginate in 6 cases, dislocation of an undamaged 
nipple out of the reservoir in 6 cases and a fistula at 
the base of the nipple in 3 cases. 

Sliding of the invaginate: Sliding of the invaginate 
occurs gradually. At reoperation both partial and total 
sliding were observed (Fig. 1). At preoperative X-ray 
examination the condition was indicated by shortening 
or absence of the nipple; also the outletting bowel 
was elongated and tortuous (Fig. 2). This finding 
explains the difficulties experienced by the patients in 
passing the tube. 

Dislocation: In 6 cases dislocation of the nipple with- 
out sliding was confirmed. Dislocation out of the 
reservoir had occurred on the mesenteric side of the 
intussuscepted intestine (Fig 3). At reoperation it was 
easy to push the nipple back into the reservoir. The 
patients had complained of considerable difficulty in 
catheterization and also of leakage of the intestinal 
contents. By filling the reservoir with air it was possible 
to demonstrate at reoperation that the nipple was 
totally continent when located in the reservoir and 
that air escaped from the reservoir immediately 
following dislocation. 

Fistula: A fistula at the base of the nipple-valve was 
present in connection with dislocation in 2 cases and 
in connection with partial sliding of the nipple in | 
case (Fig. 4). It is obvious that dislocation, which 


Table Il: PRIMARY RESULTS FROM 
51 OPERATIONS 


Excellent 3l 
Good 3 
Poor 15 
Reservoir removed l 
Dead l 





a 


b 


Fig. 2. Radiographs after injection of barium into the ileostomy reservoir. a, Well functioning nipple; b, total sliding of the 
nipple has occurred. The outletting bowel is elongated and tortuous. 
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Fig. 3. Dislocation of the 
nipple-valve. a, Preoperative 
double contrast radiograph 
showing the nipple dislocated 
out of the reservoir. 

b, Operative findings: the 
dislocated nipple-valve is seen 
lying outside the reservoir 
between the surgeon's finger 
and the forceps. c, Preoperative 
radiograph showing the 
nipple-valve after reduction 

by catheterization, d, Operative 
view of the nipple-valve 

after reduction. 





Fig. 5. Modified operative technique used at reoperations. 
After straightening the malfunctioning nipple a new 
invaginate is made by tving progressively invaginating 
seromuscular sutures on the outer surface of the bowel. 
Special attention is paid to the closing of the weak point 
Fig. 4. Fistula at the base of the nipple-valve. on the mesenteric side of the intussuscepted intestine. 
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Table Hi: RESULTS FROM 15 REOPERATIONS 


Excellent ] 
Good 

Poor 

Reservoir removed 
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causes traumatic catheterization, favours fistula 
formation. 

Operative correction of the nipple-valve was 
possible in 14 cases. One patient had a fistula at the 
nipple base and extensive inflammatory changes in the 
whole nipple, making all correction impossible. There- 
fore, the reservoir had to be removed and a conven- 
tional ileostomy was done. 

In every case correction of the nipple was carried 
out after straightening the nipple invaginate. Any 
abundant fat tissue in the mesentery was stripped off. 
Diverging from the original technique, the new in- 
vaginate was created by tying progressively invagina- 
ting seromuscular sutures on the outer surface of the 
bowel at distances of 1-5, 3 and 4 cm from the tip of 
the nipple (Fig. 5). Special attention was paid to the 
closing of the weak point on the mesenteric side of the 
intussuscepted intestine. Further sutures were applied 
through the entire nipple wall according to Kock's 
original method. The suture material used was 3/0 silk. 

After reoperation postoperative ileus necessitated 
laparotomy in one patient. No other postoperative 
complications occurred. A catheter was kept in the 
reservoir for 10-12 days. Catheterization was 
performed thereafter at 3-hourly intervals during the 
first week, at 4-hourly intervals up to the end of the 
fourth week and at 6-hourly intervals up to the end of 
the third month. 

The results of correction of the nipple-valve are 
shown in Table II. The result was excellent in 12 out 
of 14 cases. The follow-up period has been 6-12 
months in 4 patients, 1-2 years in 3, 2-3 years in 6 
and more than 3 years in 1 patient. 


Final results 

Of the 51 patients in the series 2 have died and the 
reservoir has been removed from 2 (in one of the 
latter a new Kock's ileostomy was created later). Thus, 
there are at present 48 Kock's ileostomies in the series 
and the functional result is excellent in 43 (90 per cent). 
This excellent result was achieved after the first 
operation in 31 cases (61 per cent) and after reopera- 
tion in 12 cases. Among the remaining 5 patients the 
result is good in 4 and poor in | patient for whom an 
external ileostomy appliance is indispensable. 


Discussion 

Intestinal obstruction and perforation of the reservoir 
were the most frequent postoperative complications. 
Similar experiences have been reported by other 
authors (Goligher and Lintott, 1975; Beahrs, 1976), 
who have also endorsed the view that Kock's 
ileostomy cannot be recommended in connection with 
proctocolectomy in patients whose ulcerative colitis 
is in an active phase and who have been on corti- 
costeroids before operation. In this series post- 
operative complications were relatively common, 
occurring in almost 30 per cent of cases. It must be 
considered, however, that most of these complications 
occurred in the early part of the series and were 


connected with problems concerning both operative 
technique and postoperative care. With increasing 
experience the number of immediate postoperative 
complications has decreased remarkably. 

The primary operation brought an excellent or good 
functional result in 34 cases out of 51. Difficulties in 
catheterization and leakage of various degrees led to 
reoperation in 15 cases. Kock (1976) has clearly 
demonstrated complete and partial sliding of the 
nipple in connection with disturbances of nipple 
function. In our series sliding of the nipple was the 
cause of difficulties in catheterization in 7 patients; 
however, dislocation of an unbroken nipple was more 
frequently the cause of the disturbance. Dislocation 
was connected with fistula formation at the base of the 
nipple in 2 cases. At operative correction of the nipple 
particular attention was paid to elimination of the 
weak point on the mesenteric side to avoid redisloca- 
tion. The invagination of the nipple was first 
straightened and reconstruction was then performed 
by means of progressively invaginating sutures on the 
serosal side of the bowel. This effectively closed the 
weak point on the mesenteric side. At 15 reoperations, 
correction by this technique was possible in 14 cases 
and the functional result was excellent or good in 12. 
Following these experiences, we have used this 
technique at the primary operations as well, with great 
SUCCESS. 

An understanding of the dislocation mechanism 
of the nipple-valve is important because at reoperation 
a seemingly normal nipple with no signs of sliding 
may be found, and the cause of insufficiency may not 
otherwise be apparent. 

The symptoms of nipple insufficiency have almost 
without exception appeared during the first 3-6 
months. Once disturbances have arisen, spontaneous 
improvement cannot be expected. Particularly as 
dislocation of the nipple is accompanied by an obvious 
risk of fistula formation, making correction impossible, 
our opinion is that early reoperation is indicated 
promptly after the appearance of disturbance in 
nipple function. Our experience indicates that 
operative correction of nipple insufficiency offers a 
good chance of success, and thus removal of the 
reservoir is indicated only if no possibilities for 
correction of the nipple exist. 
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The prognostic and therapeutic implications of the 
positive radionuclide bone scan in clinically 


early breast cancer 


J. H. McKILLOP, L. H. BLUMGART, C. B. WOOD, I. FOGELMAN, 
C. M. FURNIVAL, W. R. GREIG AND D. L. CITRIN* 


SUMMARY 

Seventy-five women with clinical stage I or stage Il 
carcinoma of the breast have had radionuclide bone 
scans at the time of presentation and at 6-monthly 
intervals during a mean follow-up period of 39 months. 
Patients with evidence of metastases on bone scan, 
either at the time of presentation or during follow-up, 
had significantly higher mortality and morbidity rates 
than those with persistently negative scans. 

Whatever the clinical stage, breast cancer patients 
with a positive bone scan have a very poor short term 
prognosis and local therapy to the breast is inadequate. 
A plan is outlined which incorporates the patient's bone 
scan status into the decision to introduce endocrine 
therapy or chemotherapy. 


SrubiES with the now obsolete agents strontium-85 
(Sklaroff and Charkes, 1968), strontium-87" (Hoff- 
man and Marty, 1972) and fluorine-18 (Galasko, 
1969) showed that a proportion of women with 
clinically apparently early breast cancer had bone 
metastases demonstrable by bone scanning in spite 
of negative radiographs. Early studies with the newer 
technetium-99" phosphate agents confirmed these 
findings, although the reported incidence of abnormal 
scans varied from 6 to 30 per cent (Lentle et al., 1975; 
Citrin et al., 1976; Roberts et al., 1976). Long term 
follow-up of the patients scanned with fluorine-18 
(Galasko, 1975) and strontium-85 (Sklaroff and 
Sklaroff, 1976) showed a higher incidence of clinically 
and radiologically evident bone metastases in the 
scan-positive than in the scan-negative group. Short 
term follow-up of our patients scanned using tech- 
netium-99" diphosphonate (Citrin et al, 1976) has 
confirmed this and, as in Galasko's fluorine-18 study 
(Galasko, 1975), has demonstrated a significantly 
higher mortality in scan-positive patients. In addi- 
tion, serial scans have shown the development of 
metastases in patients with initially normal scans 
(Citrin et al, 1976). The purpose of the present 
paper is to report the results of serial scanning and 
clinical follow-up after a mean period of more than 
3 years and to suggest a way of incorporating the 
results of bone scanning into the decision to intro- 
duce systemic therapy in individual cases. 


Patients and methods 

Seventy-five women, aged 27-79 years (mean 53), with carci- 
noma of the breast have been studied. Forty-nine patients 
were clinically assessed at the time of presentation as stage I 
(International Union Against Cancer Classification) (UICC, 
1960) and 26 as stage II. All patients had full radiological skeletal 
surveys preoperatively. An isotope bone scan was performed 
either preoperatively or within 2 weeks postoperatively, 
using technetium-99™ hydroxyethylidene — diphosphonate 
(9"Tc"^.HEDP) by the technique previously described 
(Citrin et al., 1975). The bone scans and radiographic studies 
were read independently by different observers. The operative 
treatment consisted of simple mastectomy in most patients 


with biopsy of the axillary nodes. The breast flaps and axilla 
received postoperative radiotherapy if there was histological 
evidence of tumour in the node biopsy. 

The patients were reassessed frequently at a special follow- 
up clinic. The bone scan was repeated regularly at 6-monthly 
intervals, or earlier if clinically indicated by symptoms or 
signs suggestive of possible metastases. Skeletal radiographs 
of appropriate areas were obtained when the bone scan was 
abnormal or when this was clinically indicated. 

Bone scans were classified as positive if they showed abnor- 
malities suggestive of metastases which could not be explained 
by the presence of radiographically evident benign disease or 
recent physical or radiotherapeutic trauma. Normal scans or 
those showing abnormalities due to benign disease were 
classed as negative. Equivocal scans were classified as nega- 
tive for the purposes of this study. 


Results 

The mean duration of follow-up for the patients is 
39 months (range 23-60 months for live patients), 
and each patient has had between 2 and 9 bone scans 
(378 scans in total). 

In 64 patients the scan at presentation was negative, 
but in I1 patients the initial scan suggested metastatic 
disease (Table I). All 75 patients had normal radio- 
graphic skeletal surveys at presentation. In 10 of the 
11 patients with positive initial scans the follow-up 
scans demonstrated progressive disease. In the 
eleventh, a solitary abnormality in the skull has re- 
mained unchanged on 7 scans over a period of 37 
months. 

Of the 64 patients with negative initial scans the 
follow-up studies have been persistently negative in 
49. Fifteen patients, however, have converted from 
a negative to a positive scan during follow-up. The 
mean time from presentation to 'scan conversion' 
was 11 months (range 2-38 months). 


Table I: RESULTS OF BONE SCANS 


Total Stage I Stage H 
Initial scan positive 11 (14-624) 6 5 
Scan conversion 15 (20%) 9 6 
Persistent scan negative 49 (65:374) 34 15 


Clinical results (Table 1I) 

At the time of presentation 74 patients were asympto- 
matic for bone metastases; all had negative radio- 
graphic skeletal surveys. One patient had bone pain; 
the skeletal radiographs were normal but the patient 
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Table Il: CLINICAL OUTCOME 


Total Dead* 
Initial scan positive 11 8 (6) 
Scan conversion 15 9 (7) 
Persistent scan negative 49 5 (0) 


Alive with Alive with Mean 
bone soft tissue Alive and follow-up 
metastases* disease well (mth) 
2 (2) 0 i il 
5(5) ] 0 35 
0 7 37 42 





* Numbers in brackets indicate the number of patients with radiographic or post-mortem confirmation of bone metastases. 


Table HI: CAUSES OF DEATH IN SCAN-NEGATIVE 
PATIENTS 


Patient Cause of death Post-mortem ? 
E. W. Pulmonary embolus Yes 
M. McG Congestive cardiac failure No 
J. J. Pulmonary metastases Yes 
LA, Carcinomatosis No 
A.S Cerebrovascular accident No 


had a leucoerythroblastic anaemia, and a bone biopsy 
at a site of abnormality indicated by the bone scan 
showed secondary carcinoma. This was the only 
patient in whom mastectomy was not performed. 

At a mean follow-up time of 39 months a total of 
22 patients (29 per cent) have died, an overall mor- 
tality rate similar to that found for stage I and stage 
H carcinoma of the breast by Brinkley and Haybittle 
(1975). 

Of the 11 patients with positive initial scans, 8 
have died. Six of the dead patients had radiographic 
or post-mortem evidence of metastases but 2 patients 
with normal radiographs died at home and post- 
mortems were not done. Two other patients are 
alive but have radiographically evident bone metas- 
tases. One patient, who shows only a single skull 
abnormality on repeated scanning, remains well and 
has normal radiographs. 

Of the 15 patients whose scans converted, 9 are 
dead, 7 showing radiographic or post-mortem evi- 
dence of bone metastases. Post-mortems were not 
obtained in 2 patients who died without developing 
radiographic evidence of bone metastases. Five of 
these patients are alive with radiographic evidence of 
bone metastases and 1 remains alive with normal 
radiographs but has developed brain metastases. Ten 
patients ‘converted’ within 18 months of presentation, 
6 of whom died within 1 year of conversion. Five 
patients converted more than 18 months after presen- 
tation, only 1 of whom died within 1 year. These 
figures, however, are not significantly different using 
the y? test (P7 0-2). 

Five of the 49 patients with persistently negative 
bone scans have died (Table HI). None had symp- 
toms or signs suggestive of bone metastases. Post- 
mortems were performed in 2 and showed no bony 
metastases. None of the 44 living patients in this 
group has clinical evidence of bone metastases; 7 
have developed non-bony recurrences and 37 remain 
alive and well. 

The mortality rates in the scan-positive and scan- 
conversion groups are both significantly higher than 
those in the persistently scan-negative group ( P « 0-005), 
There is no significant difference between stage I and 
stage II patients in initial positivity rate, scan conver- 
sion rate or mortality rate. 

Five of the 9 surviving patients with positive 
bone scans have evidence of non-bony recurrence, a 


significantly higher figure (P « 0-025) than that in the 
persistent scan-negative group (7 of 44). 


Discussion 

The results reported above confirm and extend our 
previous conclusions on bone scanning in clinically 
early breast cancer (Citrin et al., 1976). The radio- 
isotope bone scan is a much more sensitive technique 
than skeletal radiography for the detection of bone 
metastases, both at the time of presentation and 
during follow-up. 1f the scans are read by experi- 
enced observers and the presence of benign disease 
is excluded by skeletal radiographs, the incidence of 
false positives will be acceptably low. In our present 
series one probable false positive result has occurred; 
this patient has a single abnormality in the skull 
which has shown no change over a period of 37 
months and the patient remains clinically well. Similar 
appearances have since been noted in other patients 
and they probably represent a normal variant, possibly 
due to a thicker than normal wing of sphenoid. 

In our patients a positive bone scan, either present 
initially or appearing during follow-up, was associated 
with a very high short term mortality. It was also 
associated with an increased incidence of non-bony 
recurrence. Similar results were reported by Galasko 
(1975). In his study 83 per cent of patients with 
initially positive bone scans had died within the 5 
years following mastectomy compared with only 21 
per cent of patients with initially negative bone 
scans. 

In our study there was a trend which suggested that 
conversion of the bone scan from negative to positive 
in the first 18 months after presentation carried a 
worse short term prognosis than conversion after 
this time, although the figures failed to reach statis- 
tical significance. 

There has recently been considerable debate as to 
whether all women with clinically early breast cancer 
should have a bone scan at the time of presentation. 
El-Domeiri and Shroff (1976) found that 14 of 31 
patients with primary breast tumours greater than 
4cm in diameter had positive bone scans compared 
with only 1 of 24 patients with tumours of less than 
4 cm in diameter. They suggested that the use of bone 
scanning should be limited to patients with large 
primary tumours, inflammatory carcinoma or tumours 
in the central or medial quadrants of the breast. By 
comparison, Roberts et al. (1976) found essentially no 
relationship between primary tumour size and the 
incidence of positive bone scans. 

In a recent study (Davies et al., 1977) it has been 
suggested that at the time of presentation triple lymph 
node biopsy, rather than bone scanning, should be 
used to identify women at high risk from breast 
cancer, as the node biopsy is abnormal more often 
than the bone scan in women who subsequently 
develop tumour recurrence. However, these authors 
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Fig. 1. Proposed plan of treatment. 


found a much lower incidence of positive bone scans 
than that reported in most published series, and in 
their study and in a similar one from the United 
States (Gerber et al., 1977), a small number of 
patients are described with normal node biopsies, 
positive bone scans and subsequent radiographic 
evidence of bone metastases. In addition, Davies 
and his co-workers do not take account of the ability 
of the bone scan to detect early bone metastases on 
average 6 months before there is radiographic evi- 
dence of bone metastases (Citrin et al., 1977) and the 
possible therapeutic implications of this. We there- 
fore believe that both node biopsy and bone scanning 
should be carried out in the initial assessment of 
women with breast cancer and that serial bone scan- 
ning is of considerable value in the follow-up of these 
women. 

Because of the poor prognosis for patients who 
are initially scan positive and for those whose scans 
convert from negative to positive, we now feel that 
in patients with unequivocally positive scans simple 
removal of the primary tumour is inadequate in spite 
of the fact that these patients are asymptomatic 
from their metastatic disease. Our current plan of 
treatment, which is shown in Fig. 1, is related to the 
menstrual status of the patient and is based on the 
treatment policy we would employ had the patient 
presented with signs of bone metastases. 

All patients will be subjected to a simple mastec- 
tomy and pectoral node biopsy as suggested by 
Forrest et al. (1976). In addition, premenopausal 
and perimenopausal women with unequivocally 
positive bone scans will be subjected to bilateral 
oophorectomy at the same time as mastectomy, or 
within the same hospital admission. Many reports 
have shown that oophorectomy will produce tumour 
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regression rates of between 25 and 45 per cent in 
patients with metastatic disease (Hall, 1952; Daniel, 
1961). If no response is obtained following oophor- 
ectomy, or if the response is inadequate, the patient 
will then be given chemotherapy. 

Postmenopausal women with unequivocally posi- 
tive bone scans will, in addition to simple mastectomy, 
be given hormonal supplements, and it is our usual 
practice to give stilboestrol in the first instance. If a 
response is obtained to this treatment it will be con- 
tinued, but if no tumour response is found the patient 
will be commenced on chemotherapy. 

Scans will be repeated at 6-monthly intervals in all 
patients. Those whose scans convert from negative to 
positive will commence treatment under the above 
regimen depending on their menstrual status. Regular 
scanning is also important for those patients in whom 
the initial scan showed abnormalities but a definite 
diagnosis of bony metastases could not be made. If 
there is obvious progression of scan abnormalities in 
these patients, they also will be submitted to further 
therapy as outlined above. 

Assessing response to systemic therapy may be 
complicated by the fact that some of these patients 
are asymptomatic and have negative skeletal radio- 
graphs. Serial bone scans, however, can be used to 
monitor the response of bone metastases to therapy, 
either by visual inspection of the images (Galasko 
and Doyle, 1972; Citrin and McKillop, 1978) or by 
measuring changes in tumour : normal bone activity 
ratios (Citrin et al., 1974; Gillespie et al., 1975). Even 
in patients with other evidence of bone metastases, 
serial scans are likely to give a more accurate reflec- 
tion of the patients’ status than clinical or radio- 
graphic changes (Galasko and Doyle, 1972; Citrin 
et al., 1974; Citrin and McKillop, 1978). 
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To establish whether what is otherwise a very poor 
prognosis is improved by systemic therapy in asympto- 
matic patients with positive bone scans will require 
a large scale, probably multicentre, controlled trial. 
In the meantime, we believe that patients with breast 
cancer and unequivocally positive bone scans should 
be treated as they would if they had other evidence 
of bone metastases. 
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The value of pregnancy-associated «glycoprotein 
in patients with colorectal cancer 
C. B. WOOD, C. H. W. HORNE, C. M. TOWLER, H. BOHN AND 


L. H. BLUMGART* 


SUMMARY 

Serum pregnancy-associated %-glycoprotein (o, P AG) 
levels have been measured in 67 patients with colorectal 
cancer. Postoperative changes in a4P AG concentrations 
were observed in patients undergoing apparently cura- 
tive surgery and compared with results in patients with 
residual local or metastatic tumour. Significant increase 
in X,PAG levels were found only in those patients with 
residual or disseminated tumour. In this study x,PAG 
levels closely paralleled the clinical course of the 
disease in many patients. 


PREGNANCY-ASSOCIATED -glycoprotein (x,PAG) is 
a high molecular weight glycoprotein (Stimson and 
Eubank-Scott, 1972) found in a high serum concen- 
tration in pregnancy (Bohn, 1971; Horne et al., 1973; 
von Schoultz, 1974; Stimson, 1974) but in only very 
small amounts in the serum of normal patients 
(Stigbrand et al., 1976). The site of origin of this 
glycoprotein and its precise function are unclear, 
although it has been suggested that peripheral leuco- 
cytes synthesize x,PAG (Stimson and Blackstock, 
1975; Horne et al., 1978) and that it may have 
immunosuppressive properties (Damber et al., 1975; 
Than et al., 1975; Stimson, 1976). 

Apparent increases in the serum concentration of 
PAG have been observed during the clinical course 
of malignant disease (Bohn, 1972; Horne et al., 1973; 
Stimson, 1975a, b; Than et al., 1975), although this 
finding is disputed by others (Damber et al., 1976a, b; 
Burnett et al, 1977). It has been further suggested 
(Stimson, 1975a, b) that, in a variety of cancers, the 
rise in % PAG occurs before clinical recognition of 
metastases. If this is so, monitoring of 4,PAG levels 
in such patients would be of considerable clinical 
value. In this study we have attempted to determine 
whether changes in «,PAG concentration correlate 
with the clinical course of the disease in patients with 
colorectal cancer. 


Patients and methods 
Sixty-seven patients (29 males, 38 females, mean age 58-8 


the large bowel were studied. Serum «,PAG estimations were 
performed preoperatively and at regular intervals in the post- 
operative period. The follow-up interval was from 4 to 24 
months. Patients were divided into groups: (a) those under- 
going potentially curative surgery. in that their tumour was 
freely mobile and there was no evidence of local tumour 
invasion or of distant metastases at the time of operation or 
after histological study of the operative specimen; (5) patients 
with inoperable primary tumour, extensive local invasion, or 
those who developed local recurrence during the follow-up 
period (evidence of local tumour invasion was based on the 
surgeon's assessment at laparotomy and subsequently con- 
firmed histologically); (c) patients with distant metastases. 

A fourth group of patients with extensive local tumour 
invasion or distant metastases who received several courses 
of chemotherapy with S-fluorourac'] in a dose of 10 mg per 
kg body weight per day for 3 days was also studied. 
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Fig. 1. Comparison of preoperative serum concentrations 
of a PAG with concentrations 9-12 months after 
operation in the three patient groups. 


Estimations of «,PAG were performed using an electro- 
immunoassay technique (Laurell, 1966), with the modifica- 
tion described by Bohn (1974). The lower limit of detection 
was of the order of 5 ug/ml. A standard reference preparation 
of x,PAG was provided by Dr H. Bohn, Behringwerke AG. 

Statistical analysis was by the Wilcoxon rank sign test. 


Results 

Fig. | shows the absolute serum «,PAG levels, before 
operation and at 9-12 months postoperatively, in each 
of the three groups of patients. The mean values for 
males and females are shown separately. In patients 
undergoing apparently curative surgery, the mean 
x,PAG levels 9-12 months after operation are virtu- 
ally unchanged from the preoperative mean values. 


* C. B. Wood and L. H. Blumgart, University Department 
of Surgery, Royal Infirmary, Glasgow. C. H. W. Horne and 
C. M. Towler, Department of Pathology, University Medical 
Buildings, Foresterhill, Aberdeen. H. Bohn, Behringwerke AG, 
Marburg-Lahn, West Germany. 

Correspondence to: C. B. Wood, Department of Surgery. 
Roval Infirmary, Glasgow. 
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Fig. 2. The percentage change in «.PAG concentrations 
in patients undergoing apparently curative surgery. 
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Fig. 3. The percentage change in PAG concentrations 
in patients with local tumour invasion. 
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Fig. 4. The percentage change in x,PAG concentration 
in patients with distant metastases. 
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Fig. 5. The percentage change in z,PAG concentration 
in patients receiving chemotherapy. 


In patients who had locally invasive tumours or dis- 
tant metastases at the time of operation the postopera- 
tive mean values are significantly increased compared 
with the preoperative levels (P «0-01 in both groups). 

Figs 2-4 show the percentage changes in «,PAG 
levels with time in each of the three groups studied. 
The values are expressed as a percentage change from 
the preoperative level. Fig. 2 shows the serial changes 
in 24 patients who underwent curative resection. In 
20 of these patients (83 per cent) the levels remained 
unchanged or decreased following operation while in 
the remaining 4 patients the levels rose in the follow- 
up period, but in none was the rise greater than 50 
per cent compared with the preoperative value and 
no evidence of tumour recurrence was found. 

Fig. 3 shows the serum changes in 12 patients who 
underwent palliative resection of the primary tumour 
or who had inoperable tumours. Of these, 8 (67 per 
cent) had increased x PAG levels after operation and 
all these patients subsequently showed evidence of 
tumour progression. In the remaining 4 patients in 
this group, x,PAG levels remained unchanged or 
decreased compared with the preoperative level. 

Twenty-one patients had distant metastases at the 
time of operation (Fig. 4). Fifteen (71 per cent) of 
these patients showed rising x;PAG levels postopera- 
tively; the remaining 6 patients had levels that re- 
mained unchanged or decreased compared with the 
preoperative value. 

There were a further 10 patients with distant meta- 
stases or local tumour spread who received chemo- 
therapy. Only one of these patients showed a charac- 
teristic rise in x,PAG levels postoperatively (Fig. 5). 
In 5 patients levels decreased and in a further 4 the 
levels remained unchanged during a course of chemo- 
therapy. In 2 patients x,PAG levels began to increase 
following cessation of chemotherapy. 

Using the electroimmunoassay technique only trace 
amounts (less than Sug/ml) of x;PAG were demon- 
strated in the serum of many male patients. Fifty per 
cent of the male patients undergoing curative resec- 
tion had trace amounts preoperatively, whereas only 
33-3 per cent of patients with locally invasive tumours 
and 14-3 per cent of male patients with distant meta- 
stases had trace values preoperatively. 


Discussion 
There are three main problems in interpreting x;,PAG 
levels in any one patient. First, as demonstrated in 
Fig. 1, there is a very wide scatter of individual values 
in any population (von Schoultz et al., 1964; Damber 
et al, 1976b). Secondly, x,PAG concentration in- 
creases with age (Damber et al., 1976b) and thirdly, 
the levels in women are markedly higher than in 
males (Horne et al., 1978). Interpretation of single 
or random measurements of x,PAG concentration 
in any one patient is, therefore, difficult. It is readily 
apparent in this study that only serial estimations in 
individual patients can provide useful information. 
Our results show that serum levels of x,PAG broadly 
correspond to the clinical condition of patients with 
colorectal cancer. Thus, in patients with distant meta- 
stases or residual local tumour, x,PAG levels usually 
rise progressively, whereas in patients undergoing 
curative resection the levels either fall or remain un- 
changed. «PAG levels may, therefore, be of value in 
detecting patients with tumour recurrence, particu- 
larly if combined with other tumour antigens such 
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as carcinoembryonic antigen (Wood et al., 1978). 
The concomitant measurement of two tumour markers 
may reduce the incidence of false positive and/or 
false negative results. 

In patients with breast cancer, Anderson et al. 
(1976) have claimed that x,PAG levels could be an 
'indicator of the growth of micrometastases'. In their 
study, 9 of 30 patients with breast cancer developed 
metastases after mastectomy and all had elevated 
serum X PAG levels before clinical detection of the 
metastases. These authors also suggested that there 
may be a quantitative relationship between the rise 
in serum 2% PAG and tumour load. Our findings lend 
support to this latter suggestion in that the greatest 
postoperative increase in x,PAG concentrations was 
found in those patients with residual local or dis- 
seminated tumour. In a study of patients with various 
malignant tumours, including colonic cancer, Burnett 
et al. (1977) failed to observe any increase in %2, PAG 
concentration with tumour dissemination. The reason 
for this discrepancy is unclear. 

It is of interest that in our study patients with 
distant metastases receiving chemotherapy did not 
show the characteristic rise in X% PAG levels. This 
may represent a chemical response to tumour regres- 
sion, but more likely reflects a direct toxic effect of 
the chemotherapeutic agent on the site of production 
of this glycoprotein. 
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The plasma clearance of fructose and glucose 
during and after surgical operation* 
D. O'B. MCCARTHY, P. D. WRIGHT AND I. D. A. JOHNSTON? 


SUMMARY 


Fasting blood glucose is elevated and the rate of 


disappearance of a glucose load is reduced after major 
surgery. Resistance to insulin is considered to play a 
part in post-traumatic glucose intolerance. Fructose 
metabolism is partly independent of insulin. 

Glucose and fructose clearance were compared in two 
groups of 6 matched male patients with normal glucose 
tolerance who were studied before and after major 
vascular surgical operations of the same severity. 
Fructose or glucose (25 g) was given intravenously 
over a 2-min period before, during and at intervals for 
8 days after surgery. 

The rate of clearance of fructose increased signifi- 
cantly during operation (P<0-01), but returned to the 
preoperative level by the first postoperative day. 
Glucose clearance, in contrast, was reduced during and 
throughout the 8 days of the study. 

The fructose load produced a brisk insulin response 
before operation which was diminished and delayed 
during surgery. These findings suggest that administered 
fructose may be removed more rapidly than glucose 
during and immediately after surgical operation. 


THE metabolism of fructose has been of clinical interest 
since 1884, when Bouchardet and Kulz established 
that diabetic patients could utilize fructose more 
effectively than cane sugar (sucrose). Much has been 
written about fructose in the management of diabetes 
(Naunyn, 1906; Joslin et al., 1946; Miller et al., 1956), 
and it has been used as an alternative to glucose in 
intravenous feeding (Thoren, 1962). 

Following trauma there is a period of obligatory 
hyperglycaemia—the “diabetes of injury'—during 
which fasting blood glucose is elevated (Bernard, 
1877) and the rate of disappearance of a glucose load 
is reduced (Wright et al., 1974). 

Fructose metabolism has several theoretical advan- 
tages over glucose as an alternative carbohydrate 
calorie source. Fructose enters the glycolytic pathway 
independently of insulin (Miller et al., 1956) (Fig. 1), 
most being phosphorylated to fructose-1-phosphate 
by ketokinase (Cori et al, 1951). The preferential 
metabolism is via Dp-glyceraldehyde and the final 
pathways are the conversion of fructose to glucose 
and glycogen or to pyruvate and lactate (Heinz, 
1972). 

There is much evidence that fructose is metabolized 
more rapidly than glucose (Weichselbaum et al., 
1950; Miller et al., 1956; Thoren, 1964), Consequently, 
fructose might be handled more effectively after 
trauma and thus have a logical place in intravenous 
feeding programmes. 

There is little information regarding the effect of 
injury on fructose metabolism, and therefore a study 
was planned to compare the rate of clearance of boli 
of glucose and fructose from the plasma in patients 
undergoing major surgery. 
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Fig. 1. Pathways of fructose and glucose metabolism. 


Patients and methods 

Two groups of 6 male patients aged between $5 and 74 vears, 
weighing 65-85 kg, were selected for the study. No patient had 
a past medical history of disease likely to affect glucose 
homeostasis. Each patient acted as his own control and was 
studied before and after surgery. The operative procedure was 
either a bilateral aortofemoral graft or an aorto-iliac throm- 
bendarterectomy under general anaesthesia with nitrous oxide, 
halothane and oxygen. Patients were fasted or intravenous 
glucose-containing fluids were withheld for 12h before the 
study. Intravenous glucose or fructose tolerance tests were 
performed preoperatively, during surgery and subsequently on 
the first, third, fifth and eighth postoperative days. Twenty-five 
grammes of glucose or fructose in a 50 per cent solution were 
injected into an antecubital vein over 2 min. Samples of blood 
were withdrawn at intervals from the opposite arm. During 
surgery the central venous pressure was monitored and normal 
saline was infused with whole blood as required. Postoperatively 
all patients required. intravenous fluid therapy, comprising 
normal saline and 5 per cent dextrose, which was continued 
only when necessary, after which a light diet was commenced. 


Analytical methods 

Plasma fructose was estimated by Heyrovsky's method (1956) 
for the determination of inulin. This is based upon the purple 
violet colour shown bv fructose or fructose saccharides and 
indolyl-acetic acid in. concentrated hydrochloric acid. The 
reaction is of relatively high specificity and sensitivity and 
interference by glucose is of the order of 0-5—1 per cent. 

Plasma glucose levels were determined by Trinder's method 
using a Technicon autoanalyser. 

Plasma insulin levels were estimated using a single antibody 
radioimmunoassay (Yalow et al., 1960). All plasma estimations 
were performed in duplicate and the result taken as the mean 
of the two estimations. 

* Based on a communication to the Surgical Research 
Society, July 1975. 

T University Department of Surgery, Royal Victoria Infirmary, 
Newcastle upon Tyne. 
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Plasma glucose levels following 25 g i.v. glucose 
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Fig. 2. intravenous glucose and fructose tolerance tests 
before surgery. 
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Fig. 3. Glucose and fructose clearance rates before and after 
operation. 
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The results of the plasma fructose and glucose estimations 
from each tolerance test were expressed in the form of a specific 
rate constant K (Hlad and Elrick, 1959), using measurements of 
plasma glucose or fructose from 10 to 60 min after injection 
of the load, when the plasma concentration falls exponentially. 
The results were analysed statistically using Student's 7 test, 


Results 
The results of the preoperative tolerance tests are 


shown in Fig. 2. The fasting glucose levels were all 
within normal limits and no patient demonstrated 
glucose intolerance. Fructose levels showed a similar 
peak and decay pattern. The K values for glucose 
(Fig. 3) showed that clearance was depressed signifi- 
cantly on the day of operation (P = 0-005). An 
improvement occurred on the first postoperative day 
but clearance on subsequent days remained signifi- 
cantly depressed, and on the eighth postoperative day 
it had still not returned to the preoperative level. 
Fructose clearance showed a different pattern 
throughout the 10-day period (Fig. 3). Clearance was 
increased significantly (P = <0-01) during operation 
and had returned to the preoperative level by the first 
postoperative day, remaining unchanged thereafter. 
Analysis of the individual plasma fructose levels from 
each tolerance test showed that postoperatively the 
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Fig. 5. Insulin levels 3 min after glucose and fructose 
stimulation before and after operation. 


levels differed very little from those taken at the same 
times before operation. 

The preoperative insulin response to glucose was 
rapid and brief, while the response to fructose was 
less marked with a slower decay (Fig. 4). Differences 
in the 3-min insulin response could be demonstrated 
on each day of the study (Fig. 5). The insulin response 
to glucose was depressed significantly on the day of 
operation compared with the preoperative response 
(P = <0-0025) and, apart from an elevation on the 
first postoperative day, the subsequent levels tended 
to be within the normal range. The insulin response to 
fructose was similar though less brisk, there being a 
significant depression during operation (P = <0-05). 
Subsequent levels were again in the normal range. 


Discussion 

This study showed that the preoperative clearance 
rates of glucose or fructose differ significantly. The 
clearance of a glucose or fructose load from the 
circulation was altered by major surgery. Glucose 
clearance was significantly reduced during operation 
and in the postoperative period. By contrast, fructose 
clearance was increased significantly during operation, 
but had returned to preoperative levels by the first 
postoperative day. 

There is conflicting information on the amount of 
fructose which is converted to glucose in varying 
experimental and clinical situations. Atwell and 
Waterhouse (1971) suggested that 30 per cent of a 
fructose infusion was probably converted to glucose 
in normal resting man. The theoretical advantages of 
fructose over glucose are a more rapid metabolism 
(Weichselbaum et al., 1950; Drucker et al., 1953) and 
insulin independence (Miller et al, 1956). Hessov 
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(1975) concludes that only very small amounts of 
infused fructose are converted immediately to 
glucose while Bergstróm and Hultman (1967) suggest 
that the moderate rise in blood glucose concentration 
seen during fructose infusions occurs because the 
energy normally derived from peripheral glucose 
utilization is taken over by fructose. 

We believe that there is evidence to suggest that the 
cause of the hyperglycaemia following major injury 
lies at the glucose phosphorylation level (Wright and 
Henderson, 1975). This may involve hexokinase, 
which normally enhances this reaction. Fructose can 
enter the glycolytic pathway at a later stage and 
could theoretically provide intermediate metabolites 
lower down the Embden-Meyerhof pathway. The 
direction of this pathway following major injury is 
glycolytic, and since fructose clearance has been 
shown to be more rapid in our subjects, it is possible 
that fructose might be utilized more efficiently than 
glucose as a carbohydrate calorie source during and 
immediately after trauma. 

However, there is clinical evidence to suggest that, 
even in spite of this theoretical advantage, the use of 
fructose, particularly in children, is associated with 
the undesirable complication of lactic acidosis which 
arises through fructose breakdown via pyruvate. 
Fructose infusion also shares with glucose the 
association of hypophosphataemia in patients who 
are malnourished. One of the most important dis- 
advantages of fructose is that it cannot be used by the 
brain as an energy substrate. Fructose is also a more 
efficient precursor of fatty acid synthesis than glucose 
and its infusion may be associated with an excessive 
lipidaemia. Thus, although fructose clearance has 
been shown to be superior to glucose clearance after 
surgical operation, its value as a long term substitute 
for glucose as a nutritional substrate remains 
unproved. 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly. 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 

2. Lancet (1975) 4, 1251 
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. Liver function and lactate metabolism in the 


ill surgical patient* 
G. ROYLE AND M. KETTLEWELL1 


SUMMARY 

Liver function and lactate metabolism were investigated 
in non-shocked, severely ill surgical patients. Fasting 
venous blood lactate concentration was increased and 
plasma liver function tests were abnormal in ill patients 
compared with controls. Ill patients were glucose- 
intolerant and blood lactate changes following intra- 
venous glucose infusion were similar in both ill and 
control patients. Blood lactate half-life was increased 
in ill patients following a sodium L-lactate infusion, 
suggesting that the increased fasting lactate concentra- 
tion may have been due to decreased hepatic removal 
rather than to increased peripheral production of lactate. 


THE seriously ill surgical patient often suffers from a 
combination of malignant disease, infection and mal- 
nutrition which may be associated with hepatic damage 
(Neale et al., 1966; Nunes et al., 1970). 

Lactate is the end result of anaerobic glucose meta- 
bolism, and an increased blood lactate concentration 
is associated with shock, liver disease, infection, dia- 
betes mellitus, renal disease and parenteral nutrition 
(Cohen and Woods, 1976). The blood lactate concen- 
tration has been used as a prognostic guide in shock 
(Peretz et al., 1964) and lactic acidosis carries a mor- 
tality of 90 per cent (Huckabee, 1961). The liver is the 
most important site of lactate removal (Alberti and 
Nattrass, 1977). 

The purpose of this study was therefore to investi- 
gate hepatic function and lactate metabolism in ill 
surgical patients. An increased blood lactate concen- 
tration could be due to either increased production 
or decreased removal and this was investigated by 
intravenous infusions of glucose and sodium L- 
lactate; both glucose (Alberti et al., 1972) and lactate 
infusions (Soffer et al, 1938; Connor et al., 1978) 
have previously been used as methods of investigating 
metabolism in patients with liver disease. 


Patients and methods 

Twenty-three patients (20 male, 3 female) who were considered 
clinically to be seriously ill were studied ; they included patients 
suffering from carcinomatosis and sepsis and those making a 
slow recovery from major surgery, e.g. oesophagectomy or 
aortic graft, No patient was clinically shocked (pulse 70— 
90 beats/min, systolic blood pressure > 100 mmHg), dehy- 
drated, diabetic, had received drugs known to alter carbo- 
hydrate metabolism or had undergone surgery within one 
week of study. H patients were compared with 18 (13 male, 
5 female), clinically well surgical patients, e.g. those admitted 
for elective surgery such as cholecystectomy and highly 
selective vagotomy, who were of similar age. All patients 
were studied at rest in bed after a 12-hour overnight fast: 7 ill 
patients were studied with both glucose and lactate infusions. 


Glucose infusion 

Fifty per cent glucose solution (0-5 g/kg body weight) was 
injected into an arm vein over 4 min. Venous blood samples 
(1-2 ml) were taken at —10, —5, --10, --20, +30, +40, 
4-50 and --60 min without stasis and rapidly deproteinized 
in cold 10 per cent (w/v) perchloric acid for the enzymic deter- 
mination of glucose (Slein, 1963) and lactate (Hohorst et al., 
1959). Five millilitres of plasma were taken at —5 min for 
the determination of urea, albumin, bilirubin, glutamic-oxalo- 
acetic transaminase (GOT) and alkaline phosphatase (Tech- 
nicon autoanalyser) in both glucose and lactate studies. 
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Table I: AGE, BODY WEIGHT AND ESTIMATED 
WEIGHT LOSS 


Age Weight Est. weight loss 
Group (yr) (kg) (%) 
Control S8-4--3:2 70-2 +2-8 443-3 
(n == 18) 
lii 65:8.-2:9 62-0--2:5* 15--3* 
(n 23) 
* P—(-05, 


Blood glucose half-life was calculated from the semiloga- 
rithmic plot of blood glucose concentration against time and 
expressed as the glucose removal constant Kc, (Lundbaek, 
1962). 


Sodium lactate infusion 

A 1 molar solution of sodium r-lactate (1-5 ml/kg body 
weight) was injected into an arm vein over 20 min by a Har- 
vard constant infusion pump (Model 975). Venous blood 
samples (1-2 ml) were taken at —10, --5, +20, +25, +27, 
4-30, +35, +37, +40 and --50 min for the estimation of 
lactate concentrations. Blood lactate half-life was calculated 
from the exponential fall of lactate concentration against 
time on semilogarithmic graph paper. 


Statistics 

Weight loss was calculated from tables of average weight for 
age, sex and height (Geigy Scientific Tables, 1970). Parametric 
data were compared by Student's f£ test and non-parametric 
data by the Mann-Whitney U test. All results are expressed 
as mean --s.e. mean. 


Results 

Ill patients showed weight loss (Table I) and increased 
plasma urea concentration, with abnormal liver func- 
tion tests (Table II). Six patients later died from 
multiple organ failure. Fasting blood lactate concen- 
tration was significantly increased, unlike blood glucose 
concentration, in the ill patients, although ill patients 
were glucose-intolerant (Tables IH, IV). Maximum 
blood lactate increase was observed at 40 min follow- 
ing glucose infusion, but was not significantly different 
from the controls at any time (Table III). Following 
the infusion of sodium lactate, blood lactate half-life 
was significantly increased in ill patients (Table IV). 


Discussion 

These studies indicate abnormal lactate and hepatic 
metabolism in critically ill surgical patients. Increased 
blood lactate concentration owing to increased peri- 
pheral glycolysis is well recognized in shock and has 
also been reported in surgical sepsis (O'Donnell et al., 
1976). Patients in the present study were not clinically 
shocked but had evidence of both renal and hepatic 
dysfunction. Increased blood lactate concentrations 
in ill patients following sorbitol or fructose infusion 
have been reported (Cohen and Woods, 1976) and 
have also been demonstrated in women with ketosis 
of labour and in the ill! neonate following glucose 
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Table II: PLASMA UREA AND LIVER FUNCTION TESTS 


Urea Albumin Bilirubin Alk. Phos. GOT 
Group (mmol/l) (g/l) (pmol/l) (i.u./l) (i.u./l) 
Control 5-.0-- 0-3 40-1-- 0-5 9-1 49-4 38 --2 
= jg 
T l 8-0--0-9** 29-.6--0.9*** 37--9** 204 -- 48** 764-10** 
(n= 23) 





Alk. phos., Alkaline phosphatase. ** P<0-02; 


Table IH: RESULTS OF GLUCOSE INFUSION 
Basal glucose 


t** p—0002. 


Basal lactate Lactate increase at 40 min 





Group (mmol/l) Ka (mmol/l) (mmol/l) 
Control 4-90 -- 0-19 1-65-:-0-26 0-75 4- 0-05 0-33 40-08 
n= 9) 
i 5:16--0-32 0-95 --0-09** 1:10--0-09** 0-46 -- 0-09 
(n= 16) 
** P—0-02. 
Table IV: BASAL BLOOD LACTATE AND LACTATE References 


HALF-LIFE 


Basal lactate Lactate T, 
Group (mmol/l) (min) 
Control 0-72 4- 0-05 10:5-- 0:9 
(n= 9) 
ii 1-21+0-09*** 17-14-1-6** 
(n= 14) 


** P< 0-02; ***P-0-01. 


infusion (Ames et al., 1975; Van Biervliet et al., 1976). 
The present work, however, does not suggest that 
intravenous glucose infusion is likely to cause large 
increases in blood lactate concentration in ill surgical 
patients as glucose intolerance would tend to reduce 
glucose availability for glycolysis. 

Decreased removal of lactate from the blood has 
been reported following a sodium lactate infusion in 
patients with maturity-onset diabetes mellitus (Doar 
and Cramp, 1970) and in patients with liver disease 
(Soffer et al., 1938; Connor et aL, 1978). Evidence 
for liver damage in the ill patients in the present study 
was provided by both the increased lactate half-life 
and the abnormal plasma liver function tests. The 
latter mainly indicate non-specific liver damage (Sher- 
lock, 1971), but the increased lactate half-life suggests 
either decreased hepatic and/or renal uptake. De- 
creased lactate uptake may be due to either reduced 
hepatic blood flow or to altered metabolism. The 
increased plasma urea concentration in the ill patients 
suggests that impaired renal function may also have 
contributed to the observed changes in lactate meta- 
bolism (Yudkin and Cohen, 1975). 

In conclusion, this study demonstrates abnormal 
hepatic function and metabolism in seriously ill 
surgical patients and indicates that in non-shocked 
patients an increased blood lactate concentration may 
be due to reduced hepatic uptake. It would seem 
advisable to avoid infusions of fructose, sorbitol or 
ethanol, which are known to readily increase blood 
lactate concentration, and to use hepatic or nephro- 
toxic drugs with care in the ill surgical patient. 


Acknowledgements 

We would like to thank the surgeons of the Radcliffe Infirmary 
for allowing us to study patients under their care, Dr D. H. 
Williamson (Metabolic Research Laboratory) for biochemical 
advice and the Department of Clinical Biochemistry for the 
plasma liver function test analyses. 


ALBERTI, K. G. M. M. and NATTRASS M. (1977) Lactic acidosis. 
Lancet 2, 25-29. 

ALBERTI K. G. M. M., RECORD C. O., WILLIAMSON D. H. et al. 
(1972) Metabolic changes in active chronic hepatitis. 
Clin. Sci. 42, 591—605. 

AMES A. C., COBBOLD S. and MADDOCK 1. (1975) Lactic acidosis 
complicating treatment of ketosis of labour. Br. Med. J. 
4, 611-613. 

COHEN R. D. and woops H. F. (1976) Clinical and Biochemical 
Aspects of Lactic Acidosis. Oxford, Blackwell Scientific. 

CONNOR H., WOODS H. F., MURRAY J. D. et al. (1978) The kinetics 
of elimination of a sodium r-lactate load in man: the 
effect of liver disease. Clin. Sci. Mol. Med. 54, 33-34 pp. 

DOAR J. W. H. and CRAMP D. G. (1970) The effects of obesity 
and maturity-onset diabetes mellitus on L (+-) lactic acid 
metabolism. Clin. Sci. 39, 271-279, : 

HOHORST H. J., KREUTZ F. H. and BÜCHER T. (1959) Über Meta- 
bolitgehalte und Metabolit konzentrationen in der Leber 
der Ratte. Biochem. Z. 332, 18-46. 

HUCKABEE W. E. (1961) Abnormal resting blood lactate. II. 
Lactic acidosis. Am. J. Med. 30, 840-848. 

LUNDBAEK K. (1962) Intravenous glucose tolerance as a tool 
in definition and diagnosis of diabetes mellitus. Br. Med. 
J. 1, 1507-1513. 

NEALE G., CAUGHEY D. E., MOLLIN D. L. et al. (1966) Effects of 
intrahepatic and extrahepatic infection on liver function. 
Br. Med. J. 1, 382—387. 

NUNES G., BLAISDELL F. W. and MARGARETTEN W. (1970) Mecha- 
nism of hepatic dysfunction following shock and trauma. 
Arch. Surg. 100, 546-556. 

O'DONNELL T. F., CLOWES G. H. A., BLACKBURN G. L. et al. (1976) 
Proteolysis associated with a deficit of peripheral energy 
fuel substrates in septic man. Surgery 80, 192-200. 

PERETZ D. L, MCGREGOR M. and DOSSETER J. B. (1964) Lactic 
acidosis; a clinically significant aspect of shock. Can. 
Med. Assoc. J. 90, 673—675. 

SHERLOCK S. (1971) Diseases of the Liver and Biliary System, 
4th ed. Oxford, Blackwell Scientific. 

SLEIN M. W. (1963) p-Glucose determination with hexokinase 
and glucose-6-phosphate dehydrogenase. In: BERGMEYER 
H. U. (ed.) Methods of Enzymatic Analysis. New York, 
Academic, pp. 117-223, 

SOFFER O. J., DANTES D. A. and SOBOTKA H. (1938) Utilization 
of intravenously injected sodium p-lactate as a test of 
hepatic function. Arch. Intern. Med. 62, 918-924. 

VAN BIERVLIET J. P., SENDERS R. C. H., LAMERS J. M. J. et al. 
(1976) Hazards of parenteral glucose in neonatal lactic 
acidaemia. Lancet 1, 594. 

YUDKIN J. and COHEN R. D. (1975) The contribution of the 
kidney to the removal of a lactic acid load under normal 
and acidotic conditions in the conscious rat. Clin. Sci. 
Mol. Med. 48, 121-131. 


Paper accepted 3.5.1978. 


Br. J. Surg. Vol. 65 (1978) 663-665 


: The effect of elective surgery on 3-methylhistidine 


excretion 


E. GROSS, I. B. HOLBROOK AND M. H. IRVING* 


SUMMARY 

Elective surgical operation in normally nourished patients 
is associated with an increase of up to 40 per cent in the 
urinary excretion of 3-methylhistidine during the first 
three postoperative days. This increase was statistically 
significant (P « 0-01) on the second and third postopera- 
tive days. This probably represents a minor degree of 
increased muscle proteolysis, principally due to the 
operative trauma. The possible effect of postoperative 
starvation requires further elucidation. 


MUSCLE protein plays an important role in energy 
provision in the undernourished or traumatized indi- 
vidual. The ability to measure readily the extent of 
protein breakdown would be of considerable value 
to the surgeon in planning nutritional treatment. 
Evidence for the involvement of muscle has been 
presented by Cuthbertson et al. (1972), who demon- 
strated an increased urinary excretion of potassium, 
zinc and creatine during the ‘flow phase’ of injury. 
Specific data on the release of amino acids from 
muscle protein can be obtained by measuring arterio- 
venous differences across a limb (Pozefsky et al., 
1969). However, the technique is difficult and inter- 
pretation of the results is complicated by the local 
reutilization of many of the released amino acids. In 
1967, Asatoor and Armstrong suggested that the 
urinary excretion of 3-methylhistidine might be used 
as a measure of muscle proteolysis. 3-Methylhistidine 
is an amino acid formed by the methylation of histi- 
dine residues after the synthesis of actin and myosin 
peptide chains. When liberated during muscle protein 
breakdown, the amino acid is not reutilized for syn- 
thesis and is excreted unchanged in the urine (Long 
et al., 1975). This unique amino acid is present almost 
exclusively in muscle protein (Johnson et al., 1967; 
Trayer et al., 1968), but has been identified in histones 
(Gershey et al., 1969) and actin-like and myosin-like 
brain protein (Puszkin and Berl, 1972). 

In view of its potential value as a marker of the 
nutritional state of patients undergoing surgical 
operation, we have studied the effect of elective 
surgical trauma upon the excretion of 3-methylhisti- 
dine in the urine. 


Patients and methods 
Twenty-three patients were studied before, during and for 3 
days after elective surgical operation. They were all normally 
nourished as far as we could determine, any obviously mal- 
nourished patients being excluded. Three groups of patients 
were studied, patients being arbitrarily classified according to 
the extent of the operation. The first group of 5 subjects con- 
sisted of patients undergoing minor surgical operations such 
as herniorraphy or varicose vein stripping (group 1). The 
second group (group 2) comprised 13 patients undergoing 
procedures such as cholecystectomy, vagotomy and pyloro- 
plasty, or splenectomy and lymph node mapping. The remain- 
ing 5 patients (group 3) were considered to be undergoing a 
major surgical procedure—colectomy for carcinoma of the 
colon. The details of the patients are given in Table I. 
During the operations Hartmann's solution. (compound 
sodium lactate) was administered. Only 4 patients received 
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postoperative blood transfusions; no postoperative parenteral 
nutrition was administered. Routine fluid therapy in groups 
2 and 3 consisted of approximately 21 of 5 per cent dextrose- 
water and |] of normal saline solution for 24h until the 
commencement of oral feeding, which usually began on the 
second or third postoperative day and consisted of approxi- 
mately 20-30 g of protein and at least 600 cal. Group ! 
patients began eating a light diet of approximately 40 g of 
protein and at least 1000 cal on the first day after operation, 
The anaesthetic employed was either nitrous oxide and halo- 
thane or fentanyl droperidol and pancuronium bromide. 

Twenty-four-hour urine collections were obtained for the 
5 days of the study period. No preservative was added to the 
containers. Volumes were recorded daily and aliquots stored 
at --20^C until analysed. No hydrolysis was performed 
because less than 5 per cent of 3-methylhistidine in human 
urine is acetylated (Long et al., 1975). Amino acid analysis 
was carried out using a Jeol JLC6AH ion-exchange analyser 
on a 12-cm column of sulphonated polystyrene resin (Jeol 
LCR2 resin). The buffer used was sodium citrate, pH 4-3 at 
a temperature of 35°C, and the elution time was approxi- 
mately 130 min. Physiological B solution (Pierce Chemical 
Co., Illinois) was used as the standard. 

Initial statistical analysis of the data showed that the vari- 
ance was not constant over the periods studied and therefore 
non-parametric tests were used in the statistical analysis. A 
Friedman analysis and the Wilcoxon matched-pairs signed 
rank test (Siegel, 1956) were used to assess the theoretical 
significance of the changes. 


Results 

The median preoperative excretion of urinary 3- 
methylhistidine was 100 umol/24h in group 1, 115 
umol/24 h in group 2 and 93 umol/24 h in group 3. 
These values did not differ significantly from previ- 
ously established control measurements in normal 
patients (Gross and Holbrook, unpublished data). 
However, there was considerable variation from 
patient to patient, with values ranging from 40 to 
270 umol/24 h. The data for each patient have been 
expressed as umol per kg body weight per 24h in 
Table I. 

Most patients (16 out of 23) excreted less 3-methyl- 
histidine on the day of the operation, presumably 
owing to the normal peroperative oliguria. In group 
2 this decrease was statistically significant (Table II) 
when compared with the preoperative values. On each 
of the three subsequent days, all groups produced 
increased amounts of 3-methylhistidine that were 
statistically significant (P« 0-01) on the second and 
third postoperative days in group 2. Similar results 
were found when the data were calculated according 
to body surface area (m?). The numbers of patients 
in groups 1 and 3 were too small for statistical signi- 
ficance to be reached using this significance test. 


Discussion 

Previous workers (Cowgil and Freeburg, 1957; 
Johnson et al., 1967; Young et al., 1972) have shown 
that 3-methylhistidine is predominantly a constituent 
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Table I: PATIENT DETAILS AND 24-HOUR URINARY EXCRETION OF 3-METHYLHISTIDINE 


BEFORE AND AFTER SURGERY 





3-Methylhistidine (umol kg 24 h-?) 


Age Weight 
Patient (yr) Sex (kg) Preop. Op. Day ! Day 2 Day 3 
Group 1 
H. E. 16 F 49 204 0:35 2-9 1:3 3-78 
H. B. 32 F 72 1-42 1-65 2-38 1:26 1:26 
T.F 43 M 73 1-7] 2°47 7:13 4 4-0 
H.L 33 M 88 2:13 3-36 7:26 6:0 48 
G. P 35 M 88 0-52 0-72 1-8 1-42 1-4 
Group 2 
J. E 52 M 68 1:91 1-35 2°22 1:72 7-18 
M.L 58 F 54 0-75 0-29 0-29 1-69 2:19 
J3. D 38 M 67 1-65 1-46 1-65 3-6 3-51 
A.C 62 E 35 5-6 1-2 2:6 7-6 12:6 
J. S 41 F 71 2-01 1-59 1-77 1:55 1-54 
D.G 60 F 67 1:55 0:81 1-52 2:1 391 
S.B 25 F 54 1-42 0-93 2-07 2:38 2:22 
A. W. 25 M 110 2°32 1:05 2-63 4-68 4:54 
E.J 65 M 67 1-85 0-1 3-36 4-7 2:49 
B. M 34 M 90 1-96 1-79 2:14 3:2 2:17 
ALN 53 M 56 1:67 2:21 5.73 4-86 4-87 
G. M 18 M 73 1:57 0-49 2-58 2:25 1-62 
E.B 66 F 54 2-07 0-64 2-91 2:59 2:60 
Group 3 
A. W. 72 M 7i 1-3 0:15 0-66 1:16 13 
W. S. 69 M 49 2:24 1-18 6-08 6-9 6:29 
J. S. 59 M $9 0-97 1-87 3-92 6:78 5.72 
H. M. 62 M 62 1:1 1-87 2:77 1-73 1-9 
P. C. 57 M 79 2-0 1-71 2:43 2-13 3:47 
gt LI dL. LL Thea t emm a rr rc E 


Table H: MEDIAN 24-HOUR URINARY 
EXCRETION OF 3-METHYLHISTIDINE BEFORE 
AND AFTER SURGERY (umol kg 24 h-?) 


Preop. Op. Day | Day 2 Day 3 
Group I 1-42 1:65 2-9 1:42 3-78 
Group 2 1-85 105* 2-22 2-59* 2-6* 
Group 3 13 1-71 2-77 2°13 3-47 





* P<0-01 compared with preoperative value. 


of myofibrillar protein and that it is quantitatively 
excreted in the urine after muscle protein breakdown. 
Thus, measurement of this substance in the blood or 
urine should prove of value in quantifying muscle 
protein turnover in vivo without recourse to radio- 
isotopic techniques. In view of Cuthbertson’s finding 
of an increased urinary zinc, creatine and potassium 
output after injury (Cuthbertson et al., 1972), and 
the demonstration by Williamson and his co-workers 
(1977) of increased urinary 3-methylhistidine excre- 
tion in patients sustaining long bone fractures and 
undergoing hip surgery, we postulated that a similar 
rise in urinary 3-methylhistidine should occur after 
elective surgical trauma. In infection, a model similar 
in many respects to elective surgical trauma in the 
study of the response to injury, Wannemacher et al. 
(1975) showed a rise in urinary 3-methylhistidine as 
well as increased creatinine output after experimental 
exposure to sandfly fever. 

These results are in contradistinction to the reduced 
loss of 3-methylhistidine in starved obese adults 
(Young et al., 1973) and children suffering from 
protein-energy malnutrition (Narasinga Rao and 
Nagabhushan, 1973). 

Increased amounts of urinary 3-methylhistidine 
were detected on each postoperative day (Table 1) in 
most subjects. The increases varied from patient to 


patient, but were consistent over the 3 days of the 
study. By the third day, the values of only 3 of the 
23 patients had returned to preoperative levels. This 
overall increase in excretion of 3-methylhistidine after 
elective surgery reflects a small, though definite, 
degree of increased muscle protein breakdown in the 
postoperative phase. This breakdown is probably a 
result of the trauma sustained at operation, although 
the state of relative starvation which exists during the 
immediate postoperative period may also result in 
an increase in muscle breakdown and contribute to 
the levels of 3-methylhistidine observed. 

The increased loss of 3-methylhistidine on the first 
postoperative day could be related to plasma build- 
up during the phase of peroperative oliguria, followed 
by an increased release in association with the return 
of normal renal function. Despite the limited sensiti- 
vity range of our particular analytical apparatus, 
simultaneous plasma amino acid analysis failed to 
detect any major increase in plasma 3-methylhisti- 
dine. In addition, the 3-methylhistidine levels con- 
tinued to rise on the second and third days of the 
study, suggesting continuing muscle protein break- 
down. Thus, the measurement of urinary 3-methyl- 
histidine may indicate the amount of muscle broken 
down, but further investigation is required to eluci- 
date whether this is due to the trauma alone or to 
the state of relative starvation that exists in the early 
postoperative period. 


Acknowledgements 

We wish to thank Mr M. Palmer and Mr R. Swindell of the 
Department of Medical Statistics, Christie Hospital, Man- 
chester, for the statistical analysis. The biochemical studies 
were supported by grants from the North-West Regional 
Health Authority and Eaton Laboratories. 


References 

ASATOOR A. M. and ARMSTRONG M. D. (1967) 3- Methylhistidine, 
a component of actin. Biochem. Biophys. Res. Comm. 26, 
168—174. 

COWGILL R. W. and FREEBURG B. (1957) The metabolism of 
methylhistidine compounds in animals. Arch. Biochem. 
Biophys. 71, 466-472. 

CUTHERBERTSON D. P., FELL G. S., SMITH C. M. et al. (1972) Meta- 
bolism after injury. I: Effects of severity, nutrition and 
environmental temperature on protein, potassium, zinc and 
creatine. Br. J. Surg. 59, 925-911. 

GERSHEY E. L., HASLETT G. W., VIDALI G. et al. (1969) Chemical 
studies of histone methylation. Evidence for the occur- 
rence of 3-methylhistidine in avian erythrocyte histone 
fractions. J. Biol. Chem. 244, 4871-4877. 

JOHNSON P., HARRIS C. 1. and PERRY S. v. (1967) 3-Methylhisti- 
dine in actin and other muscle proteins. Biochem. J. 105, 
361—370. 

LONG C. L., HAVERBERG L. N., YOUNG V. R. et al. (1975) Meta- 
bolism of 3-methylhistidine in man. Metabolism 24, 929- 
935. 

NARASINGA RAO B. S. and NAGABHUSHAN V. S. (1973) Urinary 
excretion of 3-methylhistidine in children suffering from 
protein-calorie malnutrition. Life Sci. (II) 12, 205-210. 

POZEFSKY T., FELIG P., TOBIN J. et al. (1969) Amino acid balance 
across tissues of the forearm in postoperative man. Effect 
of insulin at two dose levels. J. Clin. Invest. 48, 2273-2282. 


Postoperative 3-methylhistidine excretion 665 


PUSZKIN S. and BERL s. (1972) Actomyosin-like protein from 
brain. Separation and characterization of the actin-like 
component. Biochem. Biophys. Acta 256, 695-709., 

SIEGEL s. (1956) Non-parametric Statistics for the Behavioural 
Sciences, New York, McGraw-Hill. 

TRAYER I. P., HARRIS C, I. and PERRY s. v. (1968) 3-Methylhisti- 
dine and adult and foetal forms of skeletal muscle myosin. 
Nature (Lond.) 217, 452-453. 

WANNEMACHER R. W, jun., DINTERMAN R. E. PEKAREK R. S. 
et al. (1975) Urinary amino acid excretion during experi- 
mentally induced sandfly fever infection in man. Am. J. 
Clin. Nutr. 28, 110-118. 

WILLIAMSON D, H., FARRELL R., KERR A. €t al. (1977) Muscle 
protein catabolism after injury in man, as measured by 
urinary excretion of 3-methylhistidine. Clin. Sci. Mol. 
Med. 82, 527—533. 

YOUNG V. T., ALEXIS S. D., BALIGA B. S. et al. (1972) Metabolism 
of administered 3-methylhistidine. Lack of muscle transfer 
ribonucleic acid charging and quantitative excretion of 
3-methylhistidine and its N-acetyl derivative. J. Biol. 
Chem. 247, 3592-3600. 

YOUNG V. T., HAVERBERG L. N., BILMAZES C. et al. (1973) Poten- 
tial use of 3-methylhistidine excretion as an index of 
progressive reduction in muscle protein catabolism during 
starvation. Metabolism 22, 1429-1436. 


Paper accepted 3.5.1978, 


Br. J. Surg. Vol. 65 (1978) 666-668 


Sigmoid motility and clinical results after transverse 


taeniamyotomy for diverticular disease 
M. PESCATORI AND G. C. CASTIGLIONI* 


SUMMARY 

The purpose of our investigation was to evaluate the 
effect of multiple transverse taeniamyotomy on sigmoid 
motility and on the clinical picture of 8 patients 
affected by symptomatic, uncomplicated diverticular 
disease of the sigmoid, selected for the operation after 
the failure of medical therapy. We recorded recto- 
sigmoid intraluminal pressures and the manometric 
tracings were correlated with the corresponding photo- 
fluorograms before and after the operation for I year. 

Motility indices were computed and a significant 
decrease after meals and Prostigmin was found in 
patients who underwent transverse taeniamyotomy. 
These functional changes were accompanied by a 
marked clinical recovery, expressed in terms of relief 
from lower abdominal pain and improvement in bowel 
movements. 

Considering the functional and clinical disadvantages 
reported after colectomy and longitudinal myotomy, 
and observing our results after transverse taeniamy- 
otomy, even though they are short term results, we 
conclude that the latter operation is an effective pro- 
cedure for the treatment of diverticular disease with 
muscular hypertrophy and high intracolonic pressure 
which has not responded to a medical and dietetic 
regimen, 


DIVERTICULAR disease of the colon is a common 
condition in western countries and its frequency is 
increasing (Painter, 1972). A post-mortem survey has 
shown colonic diverticula in 43 per cent of people 
of 50 years or more; and of patients with the disease, 
the sigmoid is affected in 99 per cent (Hughes, 1969). 

Morson (1963) described a complete absence of any 
inflammation in one-third of 173 resected specimens 
from patients operated on for a clinical picture of 
diverticulitis at St Mark’s Hospital. Thickened 
and shortened taeniae were noted and circular muscle 
seemed to be hypertrophic and corrugated. 

These muscular lesions, which represent the primary 
disorder of the disease, do not depend on smooth 
muscle hyperplasia but on a spasm caused by taeniae 
shortening, which becomes permanent as the thickened 
muscle behaves like a myostatic contracture (Williams, 
1965). The consequent plication of the circular layer 
narrows the lumen, thus increasing the intraluminal 
pressure according to Laplace’s law. The resulting 
hypersegmentation is thought to be important in the 
pathogenesis of the diverticula (Painter, 1967). 

For the treatment of this motor disorder, 
Arfwidsson (1964) suggested a transverse section of 
the shortened taeniae; the lengthening effect should 
reduce the circular layer plication and the consequent 
widening of the lumen should normalize motility. 
Johnson (1972) observed the effect of sectioning the 
two antimesenteric taeniae in the rabbit; he called 
the operation ‘transverse taeniamyotomy’, and it has 
been used on man with good results (Hodgson, 1974). 

We operated by this technique on a group of 
patients affected by symptomatic diverticular disease. 
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Fig. 1. Effect of transverse taeniamyotomy (TT M) on sigmoid 
motility, Postoperative intraluminal pressures show a marked 
decrease in amplitude and frequency of waves after injection 
of Prostigmin (0-5 mg intramuscularly) at different levels 

(25, 20 and 15 cm from the anal verge). 


The purpose of our investigation was to assess the 
effect of transverse taeniamyotomy on the clinical 
picture and on the rectosigmoid motor activity of 
these subjects 1 year after surgery. 


Patients and methods 
Twelve patients affected by symptomatic, uncomplicated 
diverticular disease of the sigmoid were selected for the 
operation after the failure of antispasmodics, high residue diet 
and bran as medical therapy. Eight of them (4 males and 4 
females, average age 59 years) were followed up for a period of 
at least 1 year and could therefore be considered in this study. 
For transverse taeniamyotomy we used the technique 
described by Hodgson (1973}. The abdomen was opened 
through a left paramedian incision and, after mobilization of 
the rectosigmoid junction, multiple transverse sections of the 
antimesenteric taeniae were made; only the longitudinal layer 
was divided and the bleeding was controlled by using small 
swabs imbued with adrenaline (diathermy could perforate the 
bowel). We divided the taeniae of the distal colon which were 
affected by muscular thickness. The two extreme limits of the 
transverse taeniamyotomy were marked by radio-opaque 
clips for postoperative radiomanometric control. Routine 
drainage was not undertaken. High residue diet and bran were 
prescribed after transverse taeniamyotomy. 
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Transverse taeniamyotomy for diverticular disease 
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Fig. 2. Correlation between pressure waves and corresponding 
photofluorograms in the rectosigmoid junction after transverse 
taeniamyotomy. A clear peristaltic contraction is visible 
between | and 2. The limits of taeniamyotomy are marked 

by clips. A, Photofluorograms taken by a spot camera; 

B, their schematic representation; C, pressure tracings; 

D, catheter used for motor activity recording. 
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Fig. 3. Sigmoid motility after transverse taeniamyotomy 
(TTM). The motility indices show a significant postoperative 
decrease after stimulus. 


Pre- and postoperative sigmoid motility was investigated 
by recording intraluminal pressure at a distance of 25, 20 and 
15 cm from the anal verge (Fig. 1), as previously described 
(Castiglioni and Pescatori, 1977). Correlation was made 
between pressure waves and corresponding photofluorograms 
(Ritchie et al., 1962) (Fig. 2). The motility index (average 
amplitude of waves x frequency) was calculated in order to 
evaluate the effect of the operation on rectosigmoid motor 
activity (Fig. 3). The data were analysed by Student’s f test. 


Results 

Clinical, radiological and manometric follow-up 
studies were made up to 1 year after operation. As 
shown in Table J, the mean rectosigmoid motility 
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Table I: CHANGES IN MOTILITY INDICES IN THE 
RECTOSIGMOID AFTER MULTIPLE TRANSVERSE 
TAENIAMYOTOMY 


Dist Motility index 

AV Preoperative Postoperative 

(cm) B M P B M P 

25 121:87 558-12 983-37 83-25 144-25* 229-Sf 
(33-56) (82-16) (194-39) (29-58) (49-86) (71:12) 

20 161L:12 830-12 1079-87 62:12 143* . 136:3T 
(66:26) (119-56) (283.92) (25-44) (58:98) (31-17) 

15 97-12 632-25 687-25 29-62 73:87" 1237 
(30:97) (88) (130-56) (8) (21:65) (32:81) 


* P<0-001; t P<0-005; = P<0:01. 

Values are means with standard error in brackets. 

Dist. AV, distance from anal verge. B, basal; M, after meal; 
P, after Prostigmin. 


Table II: RELIEF OF CONSTIPATION EXPRESSED 
IN TERMS OF NUMBER OF BOWEL MOVEMENTS 
PER WEEK AFTER MULTIPLE TRANSVERSE 
TAENIAMYOTOMY 


Preoperative 
2-37 (0-46) 


Postoperative 


No. of bowel 5-62 (0-73) (P —0-005) 


movements 


Values are means with standard error in brackets. 


after a physiological or pharmacological stimulus 
was decreased by transverse taeniamyotomy. The 
response to food showed a statistically significant 
decrease after myotomy (P<0-001). Similarly, a 
reduction of the motility index in the sigmoid and in 
the rectum (P«0:02) after Prostigmin was noted 
postoperatively (Fig. 3). 

Pre- and postoperative barium enemas have been 
performed for radiological evaluation: after transverse 
taeniamyotomy lengthening and widening of the 
sigmoid with a decrease of diverticula and spasms 
were evident in all our patients. 

An analysis of the tracings (Fig. 1) revealed a 
marked decrease in the amplitude and number of 
pressure waves after surgery. A certain degree of 
physiological segmentation was still retained, as 
indicated by the correlation between tracings and 
photofluorograms (Fig. 2). 

Clinically transverse taeniamyotomy was observed 
to improve lower abdominal pain and constipation. 
Up to 1 year later no history of pain or constipation 
was evident in any of the patients. As shown in 
Table II, the number of weekly bowel movements 
was significantly increased after surgery (P < 0:005). 
No postoperative complications were observed. 


Discussion 

Hodgson (1975) reports good clinical results after 
transverse taeniamyotomy—2-3 years later only 5 per 
cent of patients had recurrence of symptoms. Precise 
and detailed published data concerning modifications 
in rectosigmoid motility after transverse taeniamy- 
otomy are not available. However, an intraluminal 
pressure decrease is referred to by Hodgson (1973, 
1974). A relationship between clinical, pathological 
and manometric findings in patients operated on for 
diverticular disease of the colon has been reported 
(Smith et al., 1971). Therefore, the clinical and mano- 
metric effects of TTM, longitudinal myotomy, 
colectomy and dietary or medical therapy should be 
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compared in order to evaluate the most effective 
treatment, 

Bran normalizes transit time, rectosigmoid 
electrical activity and bowel habit in diverticular 
disease (Taylor and Duthie, 1976). We performed 
transverse taeniamyotomy in our patients after the 
failure of medical or dietetic regimens. 

A mortality rate after elective colectomy of 1-5 per 
cent has been reported by Colcock (1958). The death 
rate may be as high as 11 per cent if operation is 
performed for the acute complications of diverticular 
disease (Parks, 1970b). Penfold, in 1973, reviewed cases 
at St Mark's Hospital and found that 60 per cent of 
the patients were symptomatic after colectomy for 
non-inflammatory diverticular disease. This finding 
was probably dueto the increased intraluminal pressure 
in the rectosigmoid after the operation (Parks, 1970a). 

In 1964 Reilly described a new technique—longi- 
tudinal myotomy—as a more effective method of 
treating motility disorders with a low operative risk. 
But Reilly's longitudinal myotomy is difficult to 
perform without morbidity, since haemostasis from 
the submucosal plexus is almost impossible to obtain 
without perforation of the mucosa. Faecal soiling and 
local peritonitis have been common and faecal 
fistulas have occurred (Daniel, 1969). Reilly (1970) 
reported a postoperative mortality of 9 per cent. 

More recently, a combined longitudinal and trans- 
verse myotomy has been suggested by Kettlewel and 
Moloney (1977), with satisfactory short term clinical 
results, although motility studies are still lacking. 
Long term follow-up suggested that 40 per cent of 
patients were symptomatic 3-7 years after longi- 
tudinal myotomy (McGinn, 1976); after an average 
time of 33 months intracolonic pressures had risen 
higher than their original levels (Prasad and Daniel, 
1971). Contraction of the circular muscle approxi- 
mates the two severed edges of longitudinal myotomy; 
they heal in a thin, linear scar after the operation 
(Daniel, 1969). Exactly the opposite occurs with a 
tranverse taeniamyotomy, since contraction of the 
cut taeniae coli opens all the defects and maintains 
the postoperative status quo (Johnson, 1977). Trans- 
verse taeniamyotomy corrects muscle plication in a 
more rational way; transverse cuts of the taeniae allow 
the shortened colon to elongate, the lumen to become 
wider and thus the intraluminal pressure to decrease 
(Pescatori, 1977). Since the remaining mesenteric 
taenia is untouched, a degree of haustration is still 
retained and segmentation occurs (Figs. 1, 2). 

The significant decrease of postoperative motility 
index found in our patients suggests that sigmoid 
motility is restored to normal. This functional feature 
always corresponded with a clinical recovery. The 
longitudinal layer of muscle only should be cut and 
the submucosal plexus should never be reached; 
there is then almost no risk of perforation. No 
mortality following this procedure is reported in the 
different series. 

The widening of the diverticular neck, as observed 
following postoperative barium enema studies, 
allows an easier discharge of irritant content and 
reduces the risk of microperforation and bleeding. 

In conclusion, although only short term data are 
available, we believe that transverse multiple taeniamy- 
otomy is a simple, low risk, rational and effective 
operation for the treatment of diverticular disease 
with muscular hypertrophy and high intracolonic 


pressure which does not respond to medical and 
dietetic therapy. 
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Ultrasound scanning in detecting gallstones 


Sir, 

We have read with great interest the paper by A. J. McKay 
etal., ‘A prospective study of the clinical value and accuracy of 
grey scale ultrasound in detecting gallstones' (Br. J. Surg. 68, 
330-333). The University of British Columbia Departments of 
Surgery and Radiology at the Vancouver General Hospital 
have just completed a study of 100 patients who were clinically 
suspected of having acute gallbladder pathology. Only opera- 
tive confirmation of the presence or absence of stones was 
considered as acceptable corroboration, and this was possible 
in 66 of our patients. Our results are slightly at variance with 
those reported by Dr McKay. 

Stones were reported as present by scanning in 52 cases and 
all were subsequently confirmed at surgical exploration. In 
7 cases the gallbladder was visualized but stones were not seen 
and this result was also confirmed at laparotomy. 

In 5 cases 'sludge' was reported, and for the purposes of this 
study we regarded this as an instance of stones not being seen. 
However, in each of these 5 cases stones of 3 mm diameter or 
less were found in an acutely inflamed gallbladder at sub- 
sequent early surgery and the bile was seen to be extremely 


Lord's procedure 


Sir, 

i feel I must offer some criticism of the paper ‘Lord's procedure: 
a critical study of its basic principle’, by H. Ortiz et al. (Br. J. 
Surg. 68, 281—284). 

In their opening paragraph the authors state that a review 
of the literature had failed to show any attempt by previous 
workers to establish the actual basis for Lord's method. I 
quote from my own paper 'The internal sphincter and Lord's 
procedure for haemorrhoids' (Br. J. Surg. 62, 833-836): 'In 
this study we have investigated the concept of increased tight- 
ness in the anus of patients with haemorrhoids by measure- 
ment of anal pressure and motility in the anal canal. These 
measurements were repeated at intervals after dilatation to 
investigate the way in which Lord's procedure might work.’ 
In spite of Dr Ortiz's opening comments, he has apparently 
read my paper because it is quoted in his discussion. 

I regard the method used to obtain histological section by a 
deep biopsy of the anorectal region as rather crude and would 
like to refer the authors to a more delicate study, which did 
demonstrate increased fibrous tissue in the internal sphincter 
in patients with haemorrhoids (Haqqani and Hancock, 1978). 

Dr Ortiz's choice of anal probe calls for comment. We are 
not told the length of the probe and it is my experience that 
small balloons on the ends of fine tubes are very hard to keep in 
position in the anal canal. Twenty-five seconds for the record- 
ing at each position is hardly enough, as anal pressure can be 
quite unstable, especially when high, and I think at least 4 min 
are required to get a reasonable estimate. Almost every other 
worker using small water-filled balloons has recorded regular 
fluctuations in pressure representing basal sphincter activity 
(slow waves) and sometimes ultra-slow waves as well. Dr 
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viscid and dense. We believe that these factors accounted for 
the echoes in these 5 cases. In the remaining 2 cases the scans 
were reported as being ‘indeterminate’ because the gall- 
bladder was not adequately visualized and no definite echoes 
suggesting stones were seen. In these 2 cases the gallbladder 
was found to be heavily packed with gallstones and almost no 
fluid was present in the gallbladder. The lack of interface 
probably explains the indeterminate scan findings. Provided 
it is clearly understood that acute cholecystitis is a clinical 
diagnosis and that ultrasound scanning can merely show the 
presence of gallstones, we believe that it is by far the most 
accurate and simple, safe method we have available. False 
positive reports have not been a problem in our institution 
because we insist on acoustic shadowing for a positive report. 
At present the details of our study are being prepared for 
early publication. 
JULIUS L. STOLLER 
PETER COOPERBERG 
Departments of Surgery and Radiology 
University of British Columbia 
Vancouver General Hospital 
Vancouver 
Canada 


Ortiz specifically mentioned that the only fluctuation in 
pressure recorded was due to pulse pressure. I feel the 
differences in method do not allow any valid comparison to be 
made between the work of Dr Ortiz and my own. 

Dr Ortiz and his colleagues have chosen a very insensitive 
method to study the effect of operative procedures on anal 
pressure because the subjects measured before and after 
operation were different. The  post-haemorrhoidectomy 
pressures quoted (units omitted) do not have much meaning 
unless we know if the anal canal was stretched at all at the 
time of the haemorrhoidectomy. 

In the discussion we are told that there was no change in 
pressure after either operative technique, but study of Table I 
shows a considerable drop in pressure at all levels in the anal 
canal after both procedures. Their non-parametric statistical 
test did not show a significant difference, but the authors 
would have been correct to give median values for anal 
pressure rather than mean, so perhaps the figures quoted were 
misleading. 

Finally, 1 would agree that the authors' clinical study does 
not allow a final conclusion as to the best method of treatment 
of haemorrhoids but I suggest that their dogmatic assertion 
that there is no physiopathological basis for Lord's procedure 
cannot be supported by the evidence they produce. 

BRIAN D, HANCOCK 
Consultant Surgeon 
Wythenshawe Hospital 
Southmoor Road 
Manchester 


HAQQANI H. T. and HANCOCK B. D. (1978) Internal sphincter and 
haemorrhoids: a pathological study. J. Clin. Pathol. 3M, 
268-270. 
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Book reviews 


Operative Surgery 

General Editors Charles Rob and Sir Rodney Smith. Third 
edition. 

Abdomen 

Edited H. A. F. Dudley, C. Rob and R. Smith. 282 x 220 mm. 
Pp. 509 4- xiv. Illustrated. 1977. Sevenoaks: Butterworths. £42-50. 


THE previous two editions of ‘Rob and Smith’ have firmly 
established their work as the textbook of operative surgery 
in the United Kingdom and it deservedly has a high reputation 
throughout the English-speaking world. This third edition 
of Abdomen will certainly enhance that reputation. The very 
success of this work has brought problems and, although 
the editors have confined themselves to descriptions of ‘tried 
and proven procedures’, their attempt to cover the expanding 
field of abdominal surgery has resulted in a very large book 
of over 500 pages, which, even so, does not cover the abdo- 
men as a whole: surgery of the colon, rectum and anus re- 
quires another volume. In future editions, it would be less 
misleading to have two volumes entitled Abdomen, and 
perhaps it might be possible to include all hernias under this 
title: somewhat illogically, epigastric, umbilical and incisional 
hernias are included in the present volume, whereas the reader 
must turn to another one for descriptions of the surgery of 
inguinal, femoral and other hernias. 

On first inspection, I feared that the work was becoming 
too encyclopaedic for practical use, but it is difficult to know 
what could be left out-—possibly surgery of the adrenal glands 
could be found a place in another less crowded volume and 
elective surgery for portal hypertension should surely be 
included in Vascular Surgery. The multiple authorship (40 
contributors from four continents) provides variety, as do 
the illustrations by many different artists: both text and 
drawings show admirable simplicity and clarity throughout. 

This book is essential reading for surgeons in training, and 
provided that a certain standard of expertise has been attained, 
it would enable a surgeon safely to carry out an operation 
with which he is unfamiliar—to my mind, the real test of a 
book of operative surgery. Established surgeons will also 
want to update their libraries with this new edition: it is 
regrettable that inflation has raised the price to £42-50, but 
it is still good value for money. Everything about it is excel- 
lent, including the binding and general production, on which 
the publishers are to be congratulated. 

DAVID BAILEY 


General Surgical Operations 
Edited R. M. Kirk. 275 x 215 mm. Pp. 412+ viii. Illustrated. 
1978. Edinburgh: Churchill Livingstone. £16-00. 


Ir is perhaps significant that, in an age of increasing specializ- 
ation and of limitations in the breadth of clinical experience 
to be gathered during surgical training, there seems to be an 
undue proliferation of books concerned with surgical tech- 
nique. This book purports to be a practical manual for the 
general surgeon about to carry out an operation. It is claimed 
that single, safe, well-tried procedures are described, opera- 
tive decision is concentrated upon and dangers and diffi- 
culties emphasized. 

Some of these claims are realized and the book should be 
of value to trainees preparing for the examination for Fellow- 
ship of the Royal College of Surgeons. The field of operations 
covered is extremely wide, including a brief tour of specialty 
operations in neurosurgery, plastics, orthopaedic surgery, 


obstetrics and gynaecology and ENT surgery. The line draw- 
ings are clear and each operation discussed in terms of success, 
operative assessment, action and closure. The examination 
candidate should, however, be wary, since the approach is 
simplistic in parts, particularly when dealing with areas of 
controversy and with the more major procedures. Some im- 
portant points, even in relation to routine operations, are 
somewhat sketchily described. In the effort to select well- 
tried procedures, discussion of choice of method is sacrificed. 
For these reasons, the book cannot be taken as a substitute 
for sound training in the majority of common operations. 
No Fellowship candidate should think himself safe on the 
written descriptions in this book alone, if he has not attended 
and assisted in the operating theatre, and witnessed the ap- 
proach of a number of surgeons to common problems. On 
the other hand, I think it has value in describing specialist 
operations that may not be witnessed during a rotational 
training programme. 

For me, this book does not succeed as a practical manual 
for the trained general surgeon. It does not reach the level of 
illustration nor the depth of discussion to be found in other 
well-established books descriptive of operative technique. 
However, at £16 it is good value and represents a broad 
coverage of the common operations found in both general 
surgery and some specialties. It will find a place on many 
bookshelves. 

L. H. BLUMGART 


Gastrointestinal Angiography 

Stewart R. Reuter and Helen C. Redman. Second edition. 260 x 
185 mm. Pp. 390--ix. IHlustrated. 1977. Eastbourne: Holt- 
Saunders. £20-00. 


ir is 5 years since the first edition of Gastrointestinal Angio- 
graphy initiated the Saunders monograph on clinical radio- 
logy. This book was soon widely accepted as an authoritative 
source of information on this very important and expanding 
field of radiology. Since the appearance of the first edition 
the improved accuracy of diagnostic ultrasound and the 
advent of the whole body CAT scanner have tended to alter 
the role of angiography in the diagnosis of abdominal disease. 
Whereas angiography was frequently carried out early in the 
investigation of the patient, it tends now to be used to assess 
surgical operability in patients in whom the diagnosis has 
been established by other means and in patients in whom the 
diagnosis is still equivocal after all non-invasive methods 
have been used. Consequently, angiography has tended to 
become more super-selective in its technique and the exami- 
nations generally more elaborate than before. 

Another change which has taken place is the increasing 
use made of angiographic techniques for the treatment of 
patients either by perfusion or by embolization of selected 
arteries. Moreover, pharmacological agents causing vaso- 
constriction or vasodilatation are increasingly being used to 
add to the diagnostic information obtained by angiography. 

This new edition incorporates a description of the changes 
in techniques which have taken place since the first edition 
5 years ago. It deals in more detail with the techniques of 
super-selective catheterization and there are brief descriptions 
of the use of pharmacological agents both in diagnosis and 
treatment. Both the authors and publishers are to be congratu- 
lated on improving on the already high standard of the first 
edition. 

J. W. LAWS 


Biological Aspects of Reconstructive Surgery 
Edited Desmon A. Kernahan and Lars M. Vistnes. 245 x 180 mm. 
* Pp. 417. Illustrated. 1977. Boston: Little, Brown. $28-50. 


Most plastic surgeons know intuitively why they do a specific 
procedure. That is the art. But we are tired of 'break-throughs' 
and personal idiosyncrasies, for most books on plastic and 
reconstructive surgery are concerned with technique, a kind 
of do-it-yourself manual to go with the set of instruments in 
the operating theatre. Understandable, but dull, because 
surgery is a practical art. Although manual dexterity cannot 
be learnt from a book, knowledge of the right way to do the 
job does help—the popularity of books on ‘How to... 
confirms this essential truth. 

This book is different. It asks the question: why do we do 
what we do and what is the biological basis for such action? 
The editors recognize that plastic surgery is a pragmatic 
subject, which we all know as 'trial and error' (the repeat 
prescription is called 'research'—a cynical view but with 
substance), and have put together in one volume some 
answers. They have not produced extensive research papers 
but reviews of different aspects in seven sections. These include 
chapters on the embryological basis of congenital deformities; 
maintenance and disorders of the internal environment (meta- 
bolism, fluid and electrolytes, blood); skin neoplasms, growth 
and ageing; skin transfer, tissue transplantation and the 
healing of the skin, cartilage, bone, tendon and nerve. 

Being a multi-author book, it suffers from the usual defects 
of such texts, but the editors have smoothed out most of the 
imperfections. It is readable, the illustrations helpful and the 
references on the whole up-to-date and without too much 
American bias. There is a good index. It deserves to be read 
by surgeons concerned with reconstruction (and most of us 
are these days) as a handy volume to provide talking points 
during rather tedious operative procedures. 

JAMES CALNAN 


Trauma of the Chest 
Edited W. G. Williams and R. E. Smith. 215 x 138 mm. Pp. 
266 4- xi. Hlustrated. 1977. Bristol: Wright. £9-50. 


THe Coventry conferences have achieved a sound reputation 
in the past for the quality of the contributions. This fourth 
conference was undoubtedly the best to date, probably 
because a more limited subject made possible a study in 
greater depth. 

Contributors, who include those with practical experience 
in ICUs as well as thoracic surgeons and pathologists, cover 
the pathological and physiological disturbance as well as 
the treatment of closed and open injuries, flail chest, rupture 
of the bronchus, injuries of the great vessels and diaphragm 
and shock lung. 

Emphasis is rightly placed on the need of a skilled team with 
adequate radiological and laboratory staff to treat these 
seriously ill patients. Necessarily this must require intensive 
care facilities, and with their advent the surgeon has recently 
taken a back seat in the management of these patients. How- 
ever, the contributors dealing with vascular, diaphragmatic 
and bronchial injuries are surgeons of considerable experi- 
ence who rightly emphasize the importance of suspicion and 
early diagnosis, thus demonstrating that the thoracic surgeon 
is still an essential member of this team. The description of 
operative fixation for the flail chest, which is very adequately 
covered, is particularly relevant to those parts of the world 
where such intensive care facilities are limited. 

An excellent feature of this book is the space devoted to 
discussion of the papers and it is here that the practical 
difficulties and unsolved problems are faced and probed, if 
not solved. This is a book for the postgraduate and must be 
regarded as essential reading for casualty surgeons and anaes- 
thetists, as well as thoracic surgeons and perhaps all those 
who work in intensive care units. The section on shock lung 
is particularly recommended. 

The editors are to be congratulated on their speedy produc- 
tion of an excellent book and for having it produced in a 
format which makes it relatively cheap and should thus 


encourage a wide readership. 
DAVID A. WATSON 
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Reconstructive Urologic Surgery. Pediatric and Adult 

Edited John A. Libertino and Leonard Zinman. 254 x 170 mm. 
Pp. 320. Hlustrated. 1977. Baltimore: Williams & Wilkins. 
$40.00. 


Tuis is an excellent book with a wealth of information on 
why, when and how to conserve the urinary tract. The text 
is divided into four parts. The first discusses renal problems 
and starts with chapters on infection and embryology. There 
is a good discussion on pelvi-ureteric junction obstruction, 
which includes a wide range of operative procedures, and reno- 
vascular hypertension is given excellent coverage. One opera- 
tion that is mentioned here and elsewhere is autotransplan- 
tation, a procedure that most British urologists feel is un- 
necessary with currently available conservative in situ tech- 
niques. 

The second part discusses ureteric problems such as reflux 
and obstruction. There is perhaps too much space devoted 
to the treatment of megaureter. One might disagree with the 
aggressive primary surgery without conventional preliminary 
drainage, but Mr Innes Williams puts the complex matter 
into context. 

The third section deals with the bladder. There are chapters 
on the experimental work on bladder reconstruction, and 
cystoplasty is described in detail. Although there are two 
chapters on the repair of simple vesicovaginal fistula, it is 
surprising that there is nothing on the repair of the complex 
fistula using the omentum. 1 also thought that the chapter 
on incontinence needed expanding. 

The last section deals with the urethra and genitalia, with 
chapters on extrophy, hypospadias and urethroplasty (staged 
and one-stage procedures) by the three British contributors. 
'The book ends with an account of the management of ambi- 
guous genitalia. 

The book can be recommended for the urologist in training, 
but at its price it will probably only be found in the specialist 
library. 

PETER WORTH 


Critical Surgical Care 

Edited John S. Najarian and John P. Delaney. 225 x 150 mm. 
Pp. 671 xvi, with 244 illustrations. 1977. New York: Grune & 
Stratton. $29.95. 


Tuis book contains selected papers and their subsequent dis- 
cussion from the annual continuation course in surgery 
(Critical Surgical Care) held at the University of Minnesota. 
The contents are divided into five sections; emergency treat- 
ment, specific organ injuries, systemic responses and compli- 
cations of trauma, infections and burns. Nearly half of the 
contributors come from Minnesota and the book, therefore, 
reflects local interest. However, they are supplemented by 
distinguished clinicians, including Drs Shires, Powers, Baue 
and Dudrick, who write with authority in their particular 
fields. 

The book demonstrates the difficulty in adapting a dogmatic, 
broadly based postgraduate course into a comprehensive text 
of critical care. The subject content and depth of presentation 
are dependent upon the availability of speakers so that undue 
weight is placed upon some aspects, but leaving large gaps in 
others. Cellular reactions to injury, fluid balance and paren- 
teral care are succinctly covered under the guidance of Shires 
and Dudrick. Lillehei’s concise review of septic shock lays 
particular emphasis on intensive monitoring and the use of 
steroids. But these attractions are matched by a quite inade- 
quate review of the pulmonary care of the critically iniured 
patient. 

It is difficult to know who will buy this book. It is too 
basic for the expert, although he will enjoy the often sharp 
and informed discussion. For the novice, alternative texts 
are available which are more comprehensive and better 
balanced. Two serious defects are the limited index and, in 
places, the absence of references. Your reviewer is left with 
the impression that the book is a record of an excellent course 
which he is sorry to have missed, but that as a textbook of 


critical care it is far from complete. 
D. R. BEVAN 


672 Book reviews 


Urinary System Malformations in Children 
Edited D. Bergsma and John W. Duckett. 228 x 150 mm. Pp. 
492-- xx. Illustrated. 1977. New York: Alan R. Liss. $50.00. 


Tuis book is a verbatim record of an excellent symposium 
which took place in Philadelphia in April 1976. Reports of 
seminars are often a delayed and tedious repetition of articles 
published elsewhere, and although this book contains rela- 
tively few entirely original contributions, it does bring together 
the discussion of important topics. The editors have gone to a 
great deal of trouble to ensure that the papers are fully reported 
with very adequate illustrations, although inevitably the 
papers as delivered would have been accompanied by many 
more slides. The discussions after each paper are also well 
reported; they have the semblance of actual questions even 
though they have been tidied up and the obvious irrele- 
vancies excised. 

No one practising paediatric urology can afford to ignore 
this valuable contribution, which almost constitutes a short 
textbook. The sections on megaureters, urethral valves and 
neuropathic bladder are particularly good, and there is a 
very useful description by John Duckett of his use of para- 
exstrophy skin in the repair of exstrophy and epispadias. 
The renal problems are not very completely covered and 
the chapters on vesicoureteral reflux add little original to 
the discussion. 

It is of great interest to see the development of ideas about 
urinary diversion and the swing away from it which has 
occurred in the treatment of meningomyelocele cases, while 
in exstrophy ureterosigmoidostomy continues to have enthu- 
siastic supporters. Urinary infections are dealt with in several 
papers, though it has to be admitted that there has not been 
any breakthrough in the treatment of children with recurrent 
infection in an otherwise normal urinary tract. 

D. INNES WILLIAMS 


Ear, Nose and Throat Surgery and Nursing 

R. Pracy, J. Siegler, P. M. Stell and J. Rogers. 215x 135 mm. 
Pp. 192--vii, with 77 illustrations. 1977. Sevenoaks: Hodder 
& Stoughton. EUIS. 


Tuts book for nurses has been adapted from A Short Textbook 
of Ear, Nose amd Throat, which has become established as 
one of the standard texts for medical students. The line 
drawings are particularly clear and valuable because under- 
standing ENT conditions depends so much on knowledge 
of the anatomy. The disease descriptions are excellent and 
the chapter on ‘The Stuffy Nose and the Community’ is 
particularly lucid and thought-provoking. 

Unfortunately, the adaptation of the text for nurses has 
not maintained the high standard of the original book. There 
is not enough detail on important nursing procedures such 
as syringing ears or mastoid dressings. At the same time, 
space is wasted talking down to the reader—*many operations 
are carried out on the ear, but no details of these will be 
given in this book'—and moralizing——‘always remember that 
the patient is an individual personality who happens to have 
a bad ear’. Inaccuracies have been introduced, and anybody 
who has actually nursed a patient with a tracheostomy would 
know that it is misleading and impracticable advice that ‘the 
nurse carrying out the suction must also put on gloves and 
gown after a thorough surgical scrub’. 

This book cannot be recommended. The original from 
which it has been adapted is much better. 

J. G. FRASER 


Lecture Notes on General Surgery 
H. Ellis and R. Y. Caine. Fifth edition. 210 x 135 mm. Pp. 445 -+ 


viii, with 56 illustrations. 1977. Oxford: Blackwell Scientific. * 


£4:75. 
IN this, the fifth edition, a detailed revision of the whole text 


has been carried out and a number of new illustrations added. _ 


The book continues to achieve its objective of preventing 
final year medical students from getting depressed at the 
mountain of surgical revision needed for their final exami- 
nation, by providing them with a brief account of the facts 
classified, analysed and rationalized. It succeeds admirably. 
I had always been hesitant to recommend this kind of book to 
medical students until this particular one was born. I do not 
think it would actually matter which text was represented, the 
fact is that most students use this one. 

There are however one or two improvements which could 
be made. In places some clinical aspects need more emphasis, 
that the toxaemia of erysipelas almost invariably includes 
vomiting, for instance. It should be said that the first line 
of treatment for haemorrhoids should be to increase the bran 
intake as this often cures them altogether. Mention might 
have been made of the other effects of hypercalcaemia such 
as polyuria, polydipsia and psychological disturbances. The 
mnemonics can be enlarged to ‘stones, bones, abdominal 
groans and psyche moans’. 

These are but minor criticisms which in no way detract 
from the excellence and usefulness of this volume, which is 
reflected in the gratitude of very many medical students. 

IAN MCCOLL 


Bone Tumors 
Louis Lichtenstein. Fifth edition. 245 x 165 mm. Pp. 465, with 
268 illustrations. 1977. St Louis: Mosby. No price given. 


Ir is very sad that this fifth edition will be the last to be written 
by Dr Lichtenstein, who died in October 1977. For many 
years it has maintained its popularity, especially in the USA, 
for the resident in training as well as for the consultant. It is 
a very personal record of a lifetime study of bone tumours— 
ali carefully examined, recorded and accompanied by first 
rate radiographs and by excellent photomicrographs. The 
material is explicit and very carefully selected with an up-to- 
date bibliography —mainly American, with very few British 
contributions. One of the explanations for this latter deficit 
may well be how little original work in this field has been 
coming out of Britain in recent years. One exception to this 
general observation is the field of bone metastases, to which 
there has been significant contribution by British workers in 
respect of their identification and behaviour, but this work 
has not been included. 
in the introduction to various chapters Dr Lichtenstein 
described where and why ‘new thrusts’ have been made, e.g. 
in the chemotherapy for Ewing's sarcoma, for multiple 
myeloma and for osteogenic sarcoma. He also brings back 
into the debate the importance of cytological grades of malig- 
nancy, especially for the giant cell tumour. The text of this 
edition is also much sharper, with greater precision in differ- 
entiating the various tumour types and their prognosis. This 
textbook is highly recommended, and after 25 years in print 
this last edition will certainly become a 'collector's item’. 
The publishers also should be congratulated on printing such 
a high quality text. 
ROBERT E. DUTHIE 
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Like all Davol high-quality disposable products, 
our Suction Instruments are intrinsically safe, depend- 
able, and designed for maximum patient comfort. 

Davol's experience stretches back over 100 years 
to the origins of modern medicine and during this time 
we have always been at the forefront of technical 
developments. Fulfilling the progressive surgeon's 
evolving needs. At the same time, ensuring the patient's 
well-being. Caring for life. 
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Davol single-use Surgical Suction Instruments are 
manufactured to the highest possible standards. Like all 
Davol disposables, they minimise the risk of cross- 
infection and save valuable time. And they are 
realistically priced. 

Yankauer, Poole and Frazier types are available, 
all made from specially selected medical grade plastics. 

Davol can also supply suction connecting tubes 
with multi-fit connectors and collection units. 

All instruments are supplied sterile in peel-back 
packs, and further detailed information is available on 
request. 
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Poole 


@ Three-position sleeve for 


normal suction, fine suction, or 
confined areas. 

One-hand operation, with 
finger-twist control of sleeve. 
Smooth outer plastic sleeve to 
minimise chances of trauma or 
clogging. 

Adequate length for deep 
penetration. 
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30 per cent greater suction than 
comparable metal instruments. 
Extra-large eyes to prevent 
clogging. 

Tough shatter-proof plastic 
facilitates use as a retractor. 
Optional vent for “finger-tip” 
control. 

Atraumatic rounded tip. 
Peripheral holes at tip to 
minimise tissue grab. 


Frazier 

Fine aluminium shaft for bending 
into any position. 

Supplied with obturator for fast 
clearance and for bending shaft. 
Lightweight - provides control 
for responsive, positive ‘feel’ 
during delicate suction. 
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ebrisan consists of spherical beads of dextranomer 
1-0.3mm in diameter which can suck up four times 

ieir own weight of moisture with considerable force. 
vicontinuous removal of bacteria and exudate by this 
dans the wound is cleansed, often with the benefits of 
ealing and decrease in malodour. Inflammation, 

etiema and crust formation are reduced. Grafts can 
ten be made earlier through promotion of granulation 
$sue formation. Debrisan does not cause sensitisation 
is thus of value in wounds such as leg ulcers where 

5 is a major problem. Because of its mechanical mode 
action Debrisan can be used to clear infected wounds 


ebrisan continuously 
xtracts wound exudate 


Warning: 
Debrisan spillage can render surfaces 
very slippery. Clear spillages promptly. 
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ASSOCIATION OF SURGEONS OF 
GREAT BRITAIN AND IRELAND 


The Annual Meeting of the Association took place in Sheffield on 5, 6 and 7 April 1978, with the President, 


Mr D. H. Randall, in the Chair. 


The papers in the sections of Short Papers for the Moynihan Prize and Short Papers are published in the 


order in which they were read. 


THE SIR ERNEST FINCH MEMORIAL LECTURE 1978 


Injuries of the liver, biliary tree and pancreas* 


LORD SMITH, KBE? 


Ir would be supremely unnecessary to remind an 
audience in this city of the very great contributions of 
Ernest Finch to British surgery, to the literature of 
medical history, to the encouragement of young 
people in the profession of medicine, perhaps above 
all to the University and the Royal Infirmary of 
Sheffield. Undoubtedly his material achievements were 
many, but in addition he was a man of humanity and 
humour and an entertaining and amusing companion. 
Looking for a suitable topic for this lecture, my 
thoughts went back to an occasion many years ago 
when I had the good fortune to sit next to him at a 
dinner, The conversation turned to research and he 
said that he supposed that, in seeking to understand 
and eliminate disease, doctors were unique in trying to 
make themselves redundant. ‘But,’ he added, ‘human 
nature being what it is, I suppose there will always be 
trauma, so we won't starve!’ True enough, and remem- 
bering this remark, I thought that this evening, having 
a particular interest in the liver, biliary tree and pan- 
creas, I would not talk, for instance, upon the gloomy 
topic of cancer in this region—an increasing problem 
and one, unfortunately, in which incurability is the rule 
rather than the exception— but about trauma, after 
which one is naturally always hoping to save the 
patient's life and return him or her to good health. 
Injuries of the liver, the bile ducts and the pancreas 
are common and, of course, very dangerous. In war- 
time a variety of missile injuries are encountered and 
even in times of peace the citizens of the world's big 
cities stab and shoot each other with sufficient 
regularity to provide a fair number of penetrating 
injuries. These, however, are the exceptions in civil 
practice, the majority of injuries arising from blunt 
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trauma, mostly as a result of road traffic accidents, and 
a smaller number from falls, injuries at various sports 
and physical assault. 

Although in a few moments I propose to look 
at the results of trauma upon the individual organs 
under consideration, isolated injuries are in fact 
uncommon. Not only may the liver, the biliary tree 
and the pancreas all suffer injury at the same time, 
but other multiple injuries may occur as well, particu- 
larly in the most frequent form of trauma, the road 
traffic accident. It is appropriate, therefore, to start 
with a few general observations. 

Problems in diagnosis and in treatment are greatly 
magnified by the fact that so many patients have 
multiple injuries. In regard to diagnosis, for instance, 
a coexistent head injury not infrequently results in an 
unconscious patient, whilst a severe chest injury may 
also produce major general and local symptoms 
capable of obscuring signs of injury to an abdominal 
viscus. These are serious difficulties, but there are also 
some underlving principles which are worth remem- 
bering in that they act as guidelines in what is not 
infrequently a diagnostic dilemma of some magnitude. 
Here are a few of these principles: 

1. A patient unconscious from a head injury has 
also a fracture or fractures of the legs. What has 
happened between these two? A trunk injury is likely. 

2. A head injury is never acceptable as an explana- 
tion of shock (Walt, 1969). An unconscious patient 
with signs of hypovolaemia probably has a serious 


*Delivered on 5 April 1978 in Sheffield at the Annual Meeting 
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injury of the trunk, above or below the diaphragm or 
both. 

3. Multiple fractured ribs on an X-ray will fre- 
quently mean a diaphragmatic injury and on the right 
an injured liver, on the left an injured spleen and 
possibly stomach and pancreas as well. 


Diagnostic aids 

Let it be assumed that as full a history as possible has 
been obtained, a complete physical examination carried 
out and the position is still obscure in that various 
extra-abdominal injuries have been identified but it is 
still uncertain whether or not the abdomen ought to be 
opened. This confused clinical picture occurs particu- 
larly when the patient is drunk, unconscious or 
confused from a head injury or hypoxic from associa- 
ted intrathoracic trauma. 

1. Blood examination: Routine haematology should 
also include an estimation of the serum amylase. 
Hyperamylasaemia, whilst in itself not diagnostic, is 
strongly suggestive of a pancreatic injury. 

2. Plain X-rays may demonstrate more than 
fractured ribs. A pancreatic injury is frequently 
accompanied by a ruptured spleen, and a perisplenic 
haematoma may sometimes depress the splenic 
flexure of the colon sufficiently for this to be detectable 
on a plain film of the abdomen. 

3. Angiography-—isotope scanning—ultrasonogra- 
phy: Aortography and selective coeliac arterio- 
graphy have been discussed by Freeark (1969), but are 
of less use in the immediate emergency treatment of a 
recent acute injury than in the later assessment of 
possible complications such as an intrahepatic 
haematoma or haemobilia. The same may be said of 
isotope scanning. Given the necessary equipment and 
interpretive skills, ultrasonography may well play an 
increasing part in diagnosis in suspected upper 
abdominal trauma. 

4, Four-quadrant tap—peritoneal lavage—-"finger' 
exploration—laparoscopy: The four-quadrant tap 
with a needle or catheter has its advocates, with or 
without injection and recovery of saline. The recovery 
of heavily bloodstained fluid or fluid containing 
intestinal contents or a high level of amylase is,clearly 
a positive finding of value, but many are less happy 
about the interpretation of a negative tap: does this 
exclude a serious upper abdominal injury ? Walt (1969) 
believes that a small vertical incision in the midline 
above the umbilicus, through which a sterile gloved 
finger and suction catheter can be inserted into the 
peritoneal cavity, will give more reliable evidence and 
it is a short step from this to carry out a formal 
laparoscopy. 


Preparation for operation 

Major injuries of the trunk demand urgent surgical 
management and fractures of the limbs may well have 
to receive temporary, almost first-aid, treatment, Pre- 
operative correction of hypovolaemia, in so far as this 
is possible, is carried out and a central venous pressure 
catheter is mandatory. Controlled respiration may be 
made more difficult by a severe thoracic injury and 
some patients will require a tracheostomy. Preparation 
for transfusion on a massive scale should be made. 
This is particularly necessary if a major injury of the 
liver is suspected, for sometimes the tamponade effect 
of an intact abdominal wall limits the blood loss and 
maintains the patient in fair shape until, on opening 


the abdomen, catastrophic bleeding produces a 
sudden emergency. = 


The operation 

The abdominal incision employed depends to a 
certain extent upon the type of injury suspected. It may 
be vertical or transverse and the surgeon should be 
prepared to extend it into the eighth intercostal space, 
right or left, if necessary. This is more likely to be 
necessary on the right side, occasioned by a major 
injury to the liver. In Walt's view, ‘In most patients 
... repair can be accomplished without the necessity 
of opening the thoracic cavity', but this has not been 
the author's experience, at least with major injuries. In 
this respect, the hepatic injury extending posteriorly 
into the area of the inferior vena cava and hepatic 
veins is particularly dangerous, for with an intact 
thorax the negative pressure may suck air through a 
rent in a major vein directly into the vena cava and the 
patient may die suddenly from a massive air embolism. 


Injuries of the liver 

Penetrating injury 

The less frequently seen penetrating injury of the liver 
may result from a knife or a bullet. A clean, incised 
stab wound is usually repaired without much difficulty, 
and provided that there is no associated major vessel 
or bile duct injury the outlook is good. A gunshot 
wound of the liver is very different. A small-calibre 
bullet may drill a tunnel through the liver with little 
surrounding damage, requiring minimal débridement. 
Often, however, particularly if the bullet hits a rib and 
enters the abdomen spinning and with indriven bone 
fragments, there is severe laceration and pulping of the 
liver substance and not infrequently a relatively 
small puncture on the surface may lead into a sizeable 
cavity containing blot pand disrupted hepatic paren- 
chyma. This type of injury is much more dangerous 
and requires at the very least a careful and often 
extensive débridement and sometimes a resection of 
the damaged segment or lobe of the liver. 





Non-penetrating injury 

Two different varieties of non-penetrating injury of 
the liver can be recognized, the 'shearing force' injury 
and the direct violence injury. Both varieties may, of 
Course, coexist. 

The 'shearing force' injury is seen typically in the 
injured passenger in a road traffic accident and is 
essentially a deceleration injury. The liver is a solid 
heavy organ, suspended from the diaphragm by the%» 
coronary and triangular ligaments and attached also 
through the biliary and vascular complex in the porta 
hepatis and the hepatic veins posteriorly. Sudden 
deceleration and the continuing forward momentum 
of the liver may result in splits and tears of the liver 
occurring at or near to these external attachments of 
the organ. Less commonly, rupture of the attachments 
in the porta hepatis may occur or avulsion of hepatic 
veins from the liver or from the inferior vena cava. 
Occasionally the shearing force applied to a hepatic 
vein may produce a long linear tear in the vena cava, 
an extremely dangerous injury. 

The direct violence injury is seen typically in the 
driver of acar whois thrownforward onto the steering- 
wheel in a head-on impact and sustains fractures of 
the sternum, rib cage and diaphragm. This injury is 
also seen in the injured pedestrian or cyclist. Violence 


of this kind frequently produces a star-shaped hepatic 
‘fracture’ with many radiating cracks and splits, often 
extending across the dome of the right lobe into the 
dangerous region of the hepatic veins and inferior vena 
cava. Less commonly, the surface of the liver is 
contused and discoloured with only minor splits visible 
on the surface but there is extensive disruption and 
haematoma formation inside the viscus due to the 
explosive effect of a sudden rise of pressure inside a 
liver contained by an intact capsule. If this central 
damage is not recognized, delayed rupture may occur 
as bile and blood collect under pressure and lique- 
faction of ischaemic liver tissue takes place. Haemobilia 
may occur as a late complication in this type of injury. 


Operative management 

With the abdomen opened, a rapid assessment of the 
situation is made. In general the findings will be found 
to conform to one of two patterns: 

1. Haemorrhage from the damaged liver is not so 
severe that blood replacement cannot keep pace with it; 
no sudden deterioration due to unmanageable bleeding 
occurs when the tamponade effect is lost on opening 
the abdomen; damage to the liver can be exposed 
without difficulty without opening the thoracic cavity 
and in particular there are no major tears or splits 
extending across the dome of the right lobe back into 
the region of the hepatic veins. 

2. On opening the abdomen and beginning to 
examine the liver, haemorrhage increases and blood 
replacement cannot keep pace with it; characteristically 
catastrophic haemorrhage on this scale occurs when 
a hand is passed around behind the right lobe and this 
is lifted forwards and it usually indicates damage to 
hepatic veins or to the inferior vena cava; disruption 
of the liver is severe and fractures can be seen to 
extend over the dome of the right lobe into the 
posterior surface of the liver. 

In the first of these two groups, repair through an 
abdominal incision alone is logical and usually not 
difficult. Splits, superficial tears and stab wounds are 
repaired by suture, the liver substance if necessary 
being strengthened by mattress sutures inserted 
parallel to the linear defect being closed. The more 
irregular contused laceration is débrided, detached or 
devitalized liver substance being removed leaving a 
defect which is then either closed by suture, if this can 
be done without leaving a dead space, or by 'sauceriz- 
ing’ it. Segmental resection is very rarely necessary 
in this group. 
4g Patients in the second group provide a much more 

formidable problem. In the presence of urgent, 
apparently unmanageable haemorrhage, the tempta- 
tion to do something in a hurry is great, but haste and 
panic will probably kill the patient. The first necessity 
is wide exposure, which cannot be provided without a 
thoracoabdominal incision and temporary control of 
the haemorrhage must be secured whilst this extension 
of the incision is made. Gauze packing as a definitive 
treatment of a liver injury is most unwise but as a 
temporary means of controlling bleeding from a major 
disruption it is most useful. If profuse bleeding is 
coming from behind the liver, on no account should 
any attempt be made to expose the presumed injury in 
the region of the inferior vena cava until the chest is 
opened, for the danger of air embolism is great. 
Rather than lift the liver forwards to ‘have a look’, 
gentle pressure directly backwards by the hand of an 
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assistant will probably stop the bleeding completely, 
allowing time for the incision to be extended across 
the costal margin and up into the eighth intercostal 
space. A rib-spreader is introduced and the diaphragm 
split down to the front of the vena cava. 

The major disruptions of the liver occurring in 
patients in this group can usually be treated by a more 
extensive but still local débridement, and the large 
expanding central cavity containing blood, bile and 
pulped liver substance must be unroofed, sucked out 
and major damage to blood vessels and bile ducts 
repaired. Closure of the cavity is usually impracticable 
and saucerization and postoperative closed drainage 
with suction catheters is advisable. Occasionally a 
more formal segmental resection or even lobectomy is 
necessary if the alternative would be to leave behind a 
sizeable mass of totally devascularized liver tissue. 


The vena caval injury 

The major injury to the liver which has also produced 
a tear of the inferior vena cava poses a particularly 
difficult problem. Once the chest has been opened, 
lifting forward the liver to expose the vena cava no 
longer risks a fatal air embolism, but it frequently 
happens that merely attempting to see how severe the 
damage is results in sudden massive haemorrhage and 
such a reduction in the venous return that a sudden 
marked fall in blood pressure or even cardiac arrest 
occurs. On the whole, intracaval shunts employing a 
tube inserted through the right atrium have not proved 
a success (e.g. Shrock et al., 1968) and there is no 
clear-cut answer to this problem. Sometimes, however, 
without elevating the liver and thus increasing 
haemorrhage, the fingers of the surgeon's hand, 
exploring by touch, can identify the caval laceration. 
By employing a row of tissue (e.g. Alliss) forceps 
placed one by one, the edges can be temporarily 
clipped together, after which the liver can be elevated 
and the vena cava exposed and repaired. 


T tube drainage of the common bile duct 

Originally proposed by Merendino in 1963, routine 
postoperative T tube drainage of the biliary tree has 
been employed by many surgeons in the belief that it 
may lower intrabiliary pressure and thereby reduce 
leakage of bile from biliary radicles in a repaired 
hepatic laceration. There is in fact no clear clinical 
proof of its efficacy in this respect, but nevertheless a 
T tube in the common bile duct postoperatively does 
provide a ready means of monitoring the production 
of bile by the liver and of excluding the presence of a 
major biliary leak or mechanical obstruction by the 
use of cholangiography. 

Another point that should be considered is that 
assessment of a major hepatic injury at operation may 
be greatly helped by opening the common bile duct 
and examining the integrity of the major intrahepatic 
ducts by the use of a metal probe passed upwards and 
by operative cholangiography (Fig. 1). If the common 
bile duct has been opened for this reason, T tube 
drainage postoperatively is safer than closure of the 
duct. 


Major damage to the bile duct 

Regrettably, by far the most common cause of a major 
injury to a bile duct is accidental trauma during the 
operation of cholecystectomy. The writer has repaired 
approaching 1600 injuries of this Kind and reported 
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Fig. 1. Cholangiogram showing extensive extravasation 
from a torn branch of the right hepatic duct into a damaged 
segment of the right lobe of the liver. 








Fig. 2. Cholangiogram from a case of haemobilia showing 
angulation of the lowest branch of the right hepatic duct 
coinciding in position with a cystic cavity in the liver 
demonstrated by ultrasonography. Ligation of the right 
hepatic artery resulted in cure, 


the series elsewhere (Smith, 1979). If we exclude from 
consideration operative trauma, damage to the biliary 
tree may result from any severe upper abdominal 
trauma and may often accompany injury to the liver. 


Damage to a major intrahepatic duct 

This variety of injury occurs when the liver is damaged 
by direct violence. Assessment at operation of an 
extensive disruption of the liver must always include a 
search for possible lacerations of the bile ducts. As an 
aid to identification, the common bile duct may be 
opened and metal probes, cholangiography (Fig. 1) and 
injection of methylene blue employed to seek rents in 
the biliary tree. If found, repair is never easy and 
ligation of the lacerated duct is usually necessary. If the 
laceration is of any size, the segment of the liver 
draining bile into such a duct should be excised. 


Haemobilia 

If an intrahepatic duct of any magnitude is damaged, 
a major danger is that the patient will later develop the 
serious complication of haemobilia. This may occur 
as an early postoperative complication or as late as 
many months or even years after hepatic injury. 
Classically, the passage of blood through the biliary 
tree from an intrahepatic blood vessel which has 
established a communication with a bile duct causes 
melaena and sometimes haematemesis, colic and mild 
jaundice, and although small, warning haemorrhages 
may occur first, massive bleeding and severe hypo- 
volaemic shock are relatively common. The basic 
pathology in cases of haemobilia is usually a central 
cavity within the liver containing a mixture of infected 
blood clot and bile, communicating both with a major 
branch of the hepatic artery and with the biliary tree. 
Confirmation of the clinical diagnosis may be con- 
firmed by T tube cholangiography, selective coeliac 
artery angiography, isotope scanning and ultrasono- 
graphy (Fig. 2). 

Although spontaneous cure of traumatic haemobilia 
may occasionally occur, it is unusual and, as the 
haemorrhages may be both sudden and dangerous, 
the treatment should usually be operative. The exact 
procedure adopted depends upon the findings at 
operation. Occasionally lobectomy will be performed. 
More frequently ligation of the right or left, or if 
necessary the common, hepatic artery is performed, 
combined with unroofing of the intrahepatic cavity. 


Damage to a major extrahepatic duct 

Laceration, rupture or avulsion of a major extra- 
hepatic duct may accompany any serious liver injury, 
and whilst the immediate hazard to the patient with 
an injury of this kind is haemorrhage and in this sense 
the duct injury of less immediate urgency than the 
injury to blood vessels, the ductal injury must not be 
overlooked or the patient may survive the initial 
trauma only to die of a biliary peritonitis. Neverthe- 
less, an operation for a severe injury of this kind has 
one objective only, survival of the patient, and no 
more time should be spent upon the bile ducts than is 
necessary for the sake of safety. Thus, repair is logical 
if it can be effected with speed, but time-consuming 
techniques, constructing a Roux loop for instance, 
should be avoided. External biliary drainage is 
essential, e.g. T tube drainage of a repaired common 
bile duct, and in the urgent case in which the patient’s 
survival is in doubt because of the severity of the 
hepatic and other injuries, no immediate attempt 
should be made to repair the damaged duct or ducts, 
external tube drainage being provided and repair being 
carried out later when the physical condition of the 
patient is stable. 


Injuries of the pancreas 

If the diagnosis of a major hepatic injury is at times 
elusive, a pancreatic injury can be much worse in this 
respect and can easily be overlooked during the initial 
assessment of a severely injured patient. Moreover, it 
is at this early stage that treatment is likely to be most 
effective. Often, the possibility of a pancreatic injury is 
not considered. A high index of suspicion and the 
presence of upper abdominal peritonitis with hyper- 
amylasaemia in a patient who has sustained an upper 
abdominal injury will normally allow a pancreatic 
injury to be identified and the need for operation 





realized. A patient apparently recovering from an 
upper abdominal injury not at the time regarded as 
serious who later deteriorates should also be suspected 
of having sustained damage to the pancreas. 

A patient with a pancreatic injury may very well 
have a damaged liver and also other associated injuries 
both inside and outside the abdomen. 


Operative management 

The pancreas is situated in the retroperitoneum, not in 
the peritoneal cavity, and an injury to the pancreas 
should be suspected if a retroperitoneal haematoma is 
found in the upper abdomen. If so, the lesser sac should 
be widely opened through the gastrocolic omentum 
and the peritoneum over the body of the pancreas 
incised, allowing the haematoma to be evacuated and 
the pancreas examined as far distally as the tail. The 
head end of the gland is exposed and examined by 
mobilizing the right colon from the front of the 
duodenum and mobilizing this by Kocher's method. 
If there is a pancreatic injury it will be found to 
conform to one of several recognizable patterns. 

1. Surface contusion with minimal parenchymal 
damage: If the injury to the pancreas is superficial 
only and there is no question of rupture of the 
pancreatic duct, temporary drainage of the retro- 
peritoneum is all that is necessary. 

2. Laceration of the tail of the pancreas: This injury 
often coexists with a ruptured spleen. The damaged 
tail of the pancreas is removed with the spleen and 
drainage provided. 

3. Rupture of the body of the pancreas: The body 
of the pancreas may be ruptured between the vertebral 
column posteriorly and violence applied anteriorly 
(e.g. the handle-bar of a bicycle). When the retro- 
peritoneal haematoma is explored, it is found that the 
pancreas is split apart into two quite separate halves, 
right and left, or that the duct is ruptured at this point 
and that a few tenuous remnants of the pancreatic 
body hold the two halves together. The most logical 
operation to perform, both in terms of short term and 
long term results, is distal pancreatectomy, the 
proximal pancreatic duct being ligated and the gland 
closed by suture. 

4. Rupture of the head of the pancreas with an 
intact duodenum: An explosive disruption of the head 
of the pancreas with the pancreatic duct burst asunder 
presents a difficult problem. Repair of the duct is 
impracticable and three possible procedures may be 
considered. 

If in the depths of the rent the burst pancreatic duct 
can be clearly defined and a probe passed both proxi- 
mally and distally, the simplest procedure is to insert 
a fine plastic pancreatic T tube into the duct and to 
bring the long limb of this through the lumen of the 
stomach via two small punctures in the posterior and 
anterior walls and through the abdominal wall to the 
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surface. Removal of the T tube 10-14 days later, after 
a postoperative pancreatogram has shown that there 
IS no extravasation into the lesser sac, leaves a tem- 
porary pancreatogastric fistula. The long term result 
depends upon whether a stricture of the pancreatic duct 
develops. If so, further definitive surgery becomes 
necessary. 

Division of the pancreas through the site of injury 
and removal of all the gland to the left of this point 
may be the most suitable procedure, though in the 
presence of other severe injuries it might well be 
decided to adopt a simpler procedure if possible. 

If it is decided not to resect and the duct cannot be 
satisfactorily defined in the shattered head of the 
pancreas, a transverse incision can be made in the 
middle of the pancreatic body. If the pancreatic duct 
is immediately identified, a T tube, as before, can 
be inserted and brought through the stomach to 
the exterior, diverting pancreatic juice secreted by 
the distal pancreas, that secreted by the pancreas to the 
right of the injury passing into the duodenum. If this 
proves difficult, nothing is lost for resection can still 
be performed. 

5. The shattered head of pancreas with rupture of 
the duodenum: If, owing to multiple injuries, the 
physical condition of the patient is precarious, con- 
sideration should be given to T tube intubation of the 
pancreatic duct and repair of the duodenum, but the 
failure rate is high and most patients with an injury of 
this kind, if they are to survive, require a formal 
pancreatoduodenectomy. 


Conclusion 
Yes, there will always be trauma, and when the upper 
abdomen is involved injury to the liver, the bile ducts 
or the pancreas may present the surgeon with complex 
problems both in diagnosis and in treatment. Their 
solution, however, lies in the application of well- 
established general surgical principles. Although we 
acquire yearly new and more sophisticated aids to 
surgery, they are but additional means to apply these 
principles which, if one may simplify even further, rest 
upon nothing more complicated than a sound know- 
ledge of anatomy and the ability to apply an adequate 
modicum of good, honest common sense, 

I think Ernest Finch would have approved of that. 
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Laparoscopic assessment of the jaundiced patient: 


a review of 53 patients 
A. D. IRVING AND A. CUSCHIERI* 


SUMMARY 

Laparoscopy in the investigation of patients with 
jaundice allows visualization of intra-abdominal patho- 
logy, target biopsy of intra-abdominal lesions and 
percutaneous fine-needle cholangiography, all to be 
carried out at the one procedure. Formal laparotomy 
can then be planned electively or avoided completely in 
appropriate cases. 

In our experience we have found laparoscopy with 
percutaneous fine-needle cholangiography and biopsy 
to be a useful procedure in the diagnosis and manage- 
ment of iaundiced patients. 


DiAGNOSIS in the difficult case of jaundice can be 
improved using laparoscopy and target liver biopsy 
(Cuschieri, 1975). If cholangiography is added, 
obstructive lesions of the biliary tract can be 
accurately defined or excluded. 

Using fine-needle techniques of injecting contrast 
medium into the gallbladder or intrahepatic bile ducts, 
laparotomy need not be carried out forthwith. In this 
paper, we present our experience of 53 patients who 
underwent laparoscopy for jaundice. 


Patients and methods 

All patients were referred directly by general practitioners or 
consultant physicians to the Professorial Surgical Unit at 
Ninewells Hospital for the investigation and management of 
jaundice. All had biochemical evidence of cholestasis with 
hvperbilirubinaemia and elevated alkaline phosphatase 
activity. : 

Laparoscopy was performed with the Frangenheim instru- 
ment (Wolf GmbH, Knittlinger) or, more recently, the Stortz 
laparoscope (Stortz, Tuttingen) which has an outer diameter of 
8 mm. The procedure was carried out under general anaesthesia 
with positive pressure ventilation, using 3-41 of carbon 
dioxide for insuffiation by means of a Semm's automatic 
insufflator and through a Veress needle inserted just beneath 
the umbilicus. 

Cholangiography was carried out percutaneously under 
direct vision using the Chiba needle (15 cm long, 0-7 mm out- 
side diameter, 0-5 mm inside diameter with a 30? bevel: 
Hyposervice, Watford) (Okuda et al., 1974). Contrast medium 
was injected after bile aspiration from an intrahepatic duct 
or from the gallbladder, which is approached through adjacent 
liver tissue. 

Liver biopsy was performed using the 12-5-cm shaft Menghini 
needle under direct visual control and radiology by image 
intensification or by fixed-plate techniques. 

Fifty-three patients aged 15-79 years underwent laparoscopy 
in the investigation of cholestatic jaundice. AH but 2 had 
cholangiography performed during the procedure. 


Results 

There was no mortality or morbidity associated with 
the procedure in any of the 53 patients. Hepatic 
puncture and cholangiography were carried out in 
23 patients, while another 28 patients had contrast 


medium injected into the gallbladder with the needle 
passing through adjacent liver tissue and across the 
gallbladder bed. Image intensification was available 
for 35 procedures, fixed-plate table cholangiography 
only being used in the other 16. Two patients had 
laparoscopy only, as extensive metastatic disease was 
detected (Table 1). The final diagnoses for the entire 
series are shown in Table Il. 

A diagnosis of common bile duct stones (Fig. 1) 
was made in 10 patients. Carcinoma of head of the 
pancreas or periampullary region (Fig. 2) was 
diagnosed in 22 patients and metastatic spread was 
present in 5 of these cases. Bile duct stricture (Fig. 3) 
was diagnosed in 9 cases (Table III). The exact site of 
bile duct carcinoma was determined by laparoscopic 
cholangiography, allowing surgery to be planned 
electively. There were two instances of bile duct 
occlusion from benign disease, namely chronic 
pancreatitis and penetrating duodenal ulcer. The 
other 2 cases had multiple strictures; in one of these 
the strictures were confined to the intrahepatic biliary 
tree and were found on biopsy to be advanced 
cholangiocarcinoma and in the other, the strictures, 
which were limited to the extrahepatic biliary tree, 
were found to be due to sclerosing cholangitis and 
were amenable to stenting. Lastly, one other patient 
had a choledochal cyst demonstrated. 

A diagnosis of non-surgical jaundice was made in 
9 patients on the basis of cholangiography and biopsy 
(Table IV). 


Discussion 

The diagnosis of the jaundiced patient may be 
difficult on clinical and biochemical grounds. 
Laparoscopy is a procedure associated with minimal 
morbidity (Vilardell and Marti-Vicenti, 1976) which 
has been shown to have a valuable place in the 
differential diagnosis of the jaundiced patient 
(Cuschieri, 1975). Cholangiography under laparo- 
scopic control was first described in 1947 (Royer et al., 
1950) and is now an established procedure, with large 
series being reported in the German (Próscher and 
Brandt, 1956) and Japanese (Takadi et al, 1972) 
literature. 

Cholangiography can be carried out in the con- 
ventional percutaneous manner into dilated intra- 
hepatic ducts, but in cases with minimal dilatation, or 
where dilatation proves difficult, the gallbladder can 
be injected with contrast medium. To minimize 
biliary leakage from a gallbladder which may be 
under tension, the needle should be directed through 
the adjacent liver tissues and across the gallbladder 
bed (Banche and Muratori, 1953). 


* Department of Surgery, Ninewells Hospital, Dundee. 
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in casualty 


Because of the high probability of contamination, wound 
infection constitutes one of the major hazards of any accidental 
injury and may seriously compromise healing. Although these 
infections are usually mixed, staphylococci, especially penicillinase 
producing strains, present a particular problem. 

Magnapen combines the broad spectrum activity of 
ampicillin with the anti-staphylococcal activity of flucloxacillin. 
Magnapen is therefore bactericidal against the pathogens most likely 
to cause problems, including penicillinase producing strains. 

Magnapen* (ampicillin and flucloxacillin in equal parts) is 
available as capsules, vials for injection, and fruit flavoured syrup. 


mg [ull prescribing information is available on request. *regd. 
Beecham Research Laboratories Brentford, England. 
x4 A branch of Beecham Group Ltd. PLO038/0089,0090,0120. 


Reliable antibiotic cover for the at-risk patient. BRL 205 
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RESISTS DESTRUCTION 
RESOLVES INFECTION 


Zinacef is a new, broad spectrum beta-lactam antibiotic with 
greatly enhanced stability to bacterial beta-lactamases. 

This stability gives Zinacef a broader spectrum than the vast 
majority of established antibiotics as well as greater intrinsic 
bactericidal activity. This new spectrum of activity is combined 
with a wide safety margin and excellent therapeutic qualities. 


Resisting destruction 

The value of the commonly used beta-lactam 
antibiotics is being constantly eroded by the growth 
of resistant populations of bacteria producing 
beta-lactamases. 

Zinacef has a sophisticated chemical structure, with 
in-built protection against these enzymes which 
effectively places it in a new class of antibiotics. 


[Cefuroxime]...is highly resistant to degradation 
by beta-lactamases 

Richmond M.H.& Wotton S., Antimicrobial Agents 
and Chemotherapy (1976) 10, 219 


The ability to resist destruction results in a greatly 
extended clinical spectrum; many pathogens, both 
Gram-positive and Gram-negative, resistant or 
partially resistant to established beta-lactam antibiotics, 
are sensitive to Zinacef's bactericidal effect. 


Resolving infection 
Zinacef is particularly appropriate for the treatment of 


serious, or potentially serious infections where causative 
organisms have not been identified or may be mixed. 


A MAJOR ADVANCE IN ANTIBIOTIC THERAI 





ANTIBIOTIC THERAPY 
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Clinical trials involving infections by numerous pathogens in 

many regions of the body have provided evidence that, in 

general, Zinacef produces excellent bacteriological and 

clinical response, with no serious side effects. 

e Zinacef has minimal toxicity giving it a high therapeutic index. 

e Clinical trials have shown excellent renal tolerance. 

e There are no known clinically relevant adverse drug 
interactions. 

e Adequate serum levels are rapidly achieved and are well 
maintained. 

e Widely distributed with adequate levels in sputum, bile, bone 
and cerebrospinal fluid. 

e Zinacef is not metabolised. Large quantities, active and 
unchanged, are excreted in the urine. 

e Can be used safely in neonates. 

e Can be used with gentamicin. 


e Itis compatible with commonly-used intravenous infusion fluids. 


e Patient tolerance is excellent both intramuscularly and 
intravenously. 


























All or most strains sensitive 
Many strains sensitive 
Some stroins sensitive 
Few strains sensitive 

All strains resistant 





Gram-positive organisms 
Staphylococcus aureus ( penicillin sensitive) 











(penicillin resistant) 





Staphylococcus epidermidis (albus) 





Streptococcus pyogenes 





Streptococcus pneumoniae 








Streptococcus mitis (viridans) 





Streptococcus faecalis 
Clostridium spp. ] nas 
Gram-negative organisms 














Haemophilus influenzae 





E. coli 
Klebsiella pneumoniae 








Enterobacter spp. 





Proteus mirabilis 





Proteus vulgaris 





Proteus rettgeri 





Proteus morganii 





Bacteroides spp. including fragilis - 





Salmonella spp. 





Shigella spp. 





Neisseria gonorrhoeae 





Neisseria meningitidis 





Pseudomonas aeruginosa 
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Prescribing information 


Presentation 
Vials of 250mg, 750mg and 1-5 gram and infusion pack of 1-5 gram. All 
containing cefuroxime as cefuroxime sodium. 


Indications 
Serious bacterial infection, especially where the organisms have not yet been 
identified. 

Conditions include: 

Chest infections 

Septicaemia 

Soft-tissue infections 

Obstetric and gynaecological infections 


Bone and joint infections 
Urinary tract infections 

Ear, nose and throat infections 
Meningitis 

Gonorrhoea 

Dosage 

Adults: Generally 750mg t.d.s. I.M. or I.V. Severe infections 1:5 gram t.d.s. |. V. 
Frequency of injections can be increased to six-hourly if necessary. 

Infants and children: 30 to 100mg’ kg. day in 3 or 4 divided doses. 

60mg ‘kg day will be appropriate for most infections. 

Neonates: 30 to 100mg kg day in 2 or 3 divided doses. 


Gonorrhoea: Single dose of 1-5 gram (2x750mg I.M. into different sites). 


Contra-indications 
Hypersensitivity to cephalosporins. 


Precautions 

Cephalosporins may, in general, be given safely to patients who are 
hypersensitive to penicillins. 

As with all drugs, cefuroxime should be administered with caution during the 
early months of pregnancy. 

Cefuroxime does not interfere with enzyme-based tests for glycosuria. 
Cephalosporins interfere with tests for glycosuria which use copper reduction 
methods or ferricyanide and for creatinine, the alkaline picrate assay. 

As with other antibiotics, prolonged use may result in the overgrowth of 
non-susceptible organisms. 

Cefuroxime should not be mixed in the syringe with aminoglycoside antibiotics. 
Reduce dosage when renal function is markedly impaired. 

The concurrent use of cefuroxime with potent diuretics is unlikely to cause 
problems at recommended dose levels. 


Side effects 

Adverse reactions are rare and generally mild and transient, e.g., rashes, 
gastro-intestinal disturbance, candida intertrigo, decreased haemoglobin 
concentration, eosinophilia, a positive Coombs test, transient rises in serum liver 
enzymes and transient pain (after I.M. injection). 


Storage 
The powder in the infusion pack and vials should be stored below 25°C and 
protected from light. 


Product Licence number 


PL. 0004 0263 

Price to Hospital (exclusive of VAT) £ 

5x250mg 0-70 per vial 
5x750mg 2:10 per vial 
1:5 gram 4:20 


Full prescribing information on Zinacef 
(trade mark) is available from: 
Pharmaceuticals Division, Glaxo Laboratories 


Limited, Greenford, Middlesex UB6 OHE 


Glaxo 
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parenteral 
Dalacin C Phosphate 


highly effective 
in all these conditions. 


generally caused generally caused 
by anaerobes 
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by aerobes 
pneumonia peritonitis* 
septicaemia* subphrenic abscess 
decubitus ulcers pelvic abscess P ud 
cellulitis | intra-abdominal abscess* S I iE i = 
furunculosis post abortal abscess* ae WN AES 2 
ischiorectal abscess* 3 TT ET 


wound abscess* 


"mixed bacterial pathogens 
are commonly encountered 


Availability 
Dalacin C Phosphate 


Sterile Solution, 
150 mg per ml clindamycin 


(as phosphate) 
in 2 ml and 4 ml ampoules. 


Full prescribing information 
is available on request. 


lh 
TP 


OE LA HIE ay 
PL) a n Wn 





Distributor for the 


Republic of Ireland: 
Cahill May Roberts Limited 


P.O. Box 601 
Chapelizod, Dublin 20 
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Fig. 1. Cholangiogram showing a dilated common bile duct, 
a large calculus in the lower common bile duct and another 
in the gallbladder. 





Fig. 2. Cholangiogram showing a dilated common bile duct. 
A diagnosis of carcinoma of the head of the pancreas 
was made. 


Using the Chiba fine cholangiography needle 
(Okuda et al., 1974), one need not proceed immediately 
to laparotomy, as biliary leakage is minimal (Redeker 
and Richman, 1975). 

Laparoscopy and cholangiography can be combined 
with target biopsy of focal liver lesions and other 
pathology apparent on laparoscopy using the 12:5-cm 
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Laparoscopic assessment of jaundiced patient 


Fig. 3. Cholangiogram showing carcinoma of the common 
bile duct. 


Table I: DIAGNOSTIC PROCEDURES IN 
53 PATIENTS 


Transcystic cholangiography 28 
Transhepatic cholangiography 23 
No cholangiogram 2 


Table Il: FINAL DIAGNOSIS IN 53 PATIENTS 


Biliary calculi 10 
Carcinoma of head of pancreas or periampullary region 22 
Biliary stricture 9 
Metastatic disease 2 
Choledochal cyst | 
Non-surgical cause 9 


Table Il: DETAILS OF BILE DUCT STRICTURES IN 
9 CASES 

Large bile duct carcinoma 

Cholangiocarcinoma 

Sclerosing cholangitis 

Chronic pancreatitis 

Duodenal ulcer penetrating head of pancreas 
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Table IV: DETAILS OF NON-SURGICAL JAUNDICE 
IN 9 PATIENTS 

Alcoholic cirrhosis 

Primary biliary cirrhosis 

Chronic active hepatitis 

Drug-induced jaundice 

Tuberculosis 

Thyrotoxicosis with jaundice 

Congenital dilatation of bile ducts 


ne 


shaft Menghini needle, aspiration biopsy or biopsy 
forceps as appropriate. 

The diagnostic yield of biopsy under direct vision 
has been shown to be double that of the blind per- 
cutaneous technique (Jori and  Peschle, 1972; 
Cuschieri, 1975). With laparoscopy and its ancillary 
techniques, non-surgical causes of jaundice can be 
diagnosed accurately without the need for laparotomy 
or the hazards of blind percutaneous procedures. 
This applied to 9 of our 53 cases. 
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In patients with obstructive jaundice, metastatic 
disease can be easily diagnosed and laparotomy 
avoided, as was the case in 6 of our patients. Disease 
amenable to surgery can be accurately defined and 
operation planned electively such that the appropriate 
time can be allocated. 

The desirability of image intensification is illustrated 
by one case in which excess contrast medium was 
injected initially and, although a dilated common 
bile duct was demonstrated, a common duct stone 
was obscured. Under direct screening control this 
stone would probably have been visualized. 

The importance of experience in laparoscopic 
visualization of abdominal organs is demonstrated 
in one patient. Laparoscopic cholangiography was 
entirely normal, but a thickening was seen and felt in 
the region of the head of the pancreas which was 
subsequently shown by the target aspiration biopsy 
to be a pancreatic carcinoma. At laparotomy 
carcinoma of the body of the pancreas extending to 
the head was confirmed. 

Laparoscopy with target biopsy and percutaneous 
fine-needle cholangiography is therefore a safe 
diagnostic aid with a high yield in the diagnosis of 
cases with jaundice. It is a procedure which allows 
direct visual assessment of the intra-abdominal 
organs, biopsy of focal lesions under visual control 
and radiological investigation of the biliary tree. All 
these tests are carried out on the one occasion and 


provide all the essential information required to 
establish a definitive diagnosis. This information 
enables a decision to be made either to operate 
electively or to avoid laparotomy in the appropriate 
case. 
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The role of ultrasound scanning in the 
diagnosis of thyroid swellings 
W. R. LEES, S. P. VAHL, L. R. WATSON AND R. C. G. RUSSELL* 


SUMMARY 

This study has determined the ability of grev scale 
ultrasound to assess if a thyroid is normal or abnormal, 
if the appearances of the gland are specific for one 
disease and if the probability of malignancy can be 
determined. One hundred patients were studied, 65 
with histologically confirmed diagnoses. It was found 
that the normal gland was distinguished from the ab- 
normal with 99 per cent accuracy, simple cysts were 
diagnosed with 100 per cent accuracy and a specific 
disease diagnosis was given with 84 per cent accuracy. 
It was correctly stated in 87 patients that the disease 
was definitely benign, but in the remaining 12 patients 
(3 with cancer) it was stated that malignancy could not 


be excluded. 


THE current preference for surgical excision of all 
solitary thyroid swellings is controversial, and the 
incidence of cancer in clinically diagnosed solitary 
lumps is low. A contributory factor in this is the 
inaccuracy of clinical examination (Vander et al., 
1934; Taylor and Psarras, 1967). Scintiscanning, after 
the administration of radioactive iodine or *?*Tc"- 
pertechnetate, has not improved the accuracy of 
diagnosis, although it does help to exclude the func- 
tioning adenoma. Ultrasonography has been used in 
the diagnosis of thyroid disease for many years, and 
in 1971 a 95 per cent accuracy for the detection of 
cystic lesions in 212 patients was reported (Thijs, 
1971). This study was performed using conventional 
ultrasonography without the benefit of grey scale 
images. Such techniques have been shown to be able 
to differentiate cysts from cystic degeneration in an 
adenoma, solid tumours from multinodular goitre 
and to detect the presence of thyroiditis with a 94 
per cent accuracy (Rosen et al, 1975). This ability 
of conventional scanning to differentiate between 
local and general disease has been recently confirmed 
and shown to be of value in the clinical management 
of patients (Spencer et al., 1977). 

The development of grey scale ultrasonography 
enables a much better image of the thyroid to be 
produced. Many ultrasonographic descriptions of the 
thyroid with the grey scale instrument have been 
published (Chilcote, 1976; Blum et al., 1977; Sackler 
et al, 1977), but none describes a series of patients 
in which grey scale ultrasonography has been used as 
part of the clinical management. This study describes 
an unselected consecutive series of patients in whom 
ultrasound was requested as part of their clinical 
investigation. In assessing a thyroid presented for 
scanning an attempt was made to answer the follow- 
ing questions: 

1. Is the thyroid normal or abnormal; if the gland 
is abnormal is it affected by a generalized or local 
disorder? 

2. Are the appearances specific for one disease 
process? 

3. What is the probability of malignancy ? 


In order to ease decision-making for the clinician, 
the report stated that the gland was definitely benign 
or probably malignant or definitely malignant. 


Patients and methods 

Over 150 scans were performed on 132 patients in the period 
October 1976-December 1977. A firm clinical diagnosis has 
been made in 100 patients, 65 of whom have had a histological 
diagnosis following thyroidectomy. In the remaining 32 
patients no firm diagnosis has been reached, or they are 
awaiting surgery or have been lost to follow-up. A short 
summary of the history and physical findings was made 
available to the scanner. 

Manual scans were performed using a modified Nuclear 
Enterprises Diasonograph NE 4102 with 4104 grey scale 
facility. A medium internal focus 3-5-MHz 19-mm transducer 
was used, scanning the neck through a water bath with the 
patient supine. Serial transverse and sagittal sections were 
made, with lesions being studied at several gain settings. The 
images were recorded photographically on Kodak RAR-mm 
negative film. 


Results 

The ultrasonic characteristics of the thyroid gland 

The normal thyroid gland can be demonstrated by 
ultrasonography to be a symmetrical, well-outlined 
structure, returning uniform low amplitude echoes 
from its parenchyma (Fig. 1). The changes recog- 
nized in disease are those of size, shape, irregularity 
of outline and loss of the uniformity of the paren- 
chyma with either an increase or decrease of its reflec- 
tivity. The distribution and nature of such changes, 
which may be local or general, help to define the 
disease process. 

The distribution of these changes has been classi- 
fied into three patterns: nodularity, in which there are 
multiple local well-defined lesions; diffuse disease, in 
which there are uniform changes throughout the 
gland; and multifocal disease, in which there are 
multiple poorly defined localized changes. The nature 
of the changes within a gland suggests different patho- 
logies: in acute inflammation there is a uniform loss 
of echo amplitude while in chronic inflammation 
there is a non-uniform increase; in degeneration and 
colloid formation there is local irregular loss of 
echo amplitude; and in cyst formation there is an 
absence of echoes. 

On scanning, many of the above features may be 
present within a single gland, and the final diagnosis 
is attained by a process of pattern recognition, charac- 
teristic for a particular pathology. Thus, for the 
patients who presented with generalized thyroid 
disease, seven of the above features were noted (Table 
D, while in local disease no less than ten character- 
istics were found (Table II). 

To add to the difficulties of making a pathological 
diagnosis on the basis of the ultrasound pattern 





* Departments of Clinical Measurement and Surgery, The 
Middlesex Hospital, London. 
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Fig. 1. A horizontal section through a normal thyroid 
gland showing the well-defined outline of the gland and 
uniform echo pattern. 





Fig. 2. A horizontal section showing an adenoma with 
cystic degeneration in the right lobe of the gland. 


Table I: THE ULTRASONIC CHARACTERISTICS 
OF GENERALIZED THYROID DISEASE RELATED 
TO SPECIFIC DIAGNOSIS 


Acute 
thyroiditis 
and Hashimoto's 
Echo pattern MNCG thyrotoxicosis thyroiditis 
1. Nodularity 30 0 | 
2. Diffuse disease 2 4 3 
3. Multifocal 3 3 4 
disease 
4. Acute inflam- l 2 l 
mation 
5. Chronic inflam- 13 | 5 
mation 
6. Degeneration 25 | 2 
and colloid 
formation 
7. Cyst formation 8 0 0 
Total 32 7* 8 


* One patient with acute thyroiditis and a multinodular collo:d 
goitre (MNCG) has not been included. 


recognition, it was found that more than one patho- 
logical process may be present within the same gland: 
for instance, one adenoma was multiple and one 
cancer arose in a multinodular gland. Of the 21 
adenomas seen, 18 were well-defined lesions with 





Fig. 3. A sagittal section of the adenoma shown in Fig. 2; 
the ill-defined margins of the cyst contrast with those 
shown in Fig. 4. 





Fig. 4. A horizontal section showing a simple cyst, with 
absence of echo from the cyst and a clearly defined cyst wall. 


Table Il: THE ULTRASONIC CHARACTERISTICS 
OF LOCAL THYROID DISEASE RELATED TO 
SPECIFIC DIAGNOSIS 


Characteristics 





of lesion Adenoma Cancer Cyst 

1. Single 18 2 15 
2. Multiple l | 0 
3. Solid 17 3 0 
4. Simple cysts 0 0 13 
5. Multiloculated cysts 4 0 2 
6. Complex lesions 6 0 0 
7. Regular outline 16 3 15 
8. Isotropy 7 2 13 
9. Anisotropy 9 | 0 
10. Degenerating 10 | 0 
Total 19 3 15 





regular borders and only 7 were simple solid iso- 
tropic lesions. Ten of the adenomas showed evidence . 
of cyst formation (Figs. 2 and 3), 2 of which were 
multicystic lesions. The appearance of cystic de- 
generation within an adenoma was easily distin- 
guished from a solitary simple cyst, which had a 
perfectly regular outline, returning no echoes from 
the interior (except for echoes from the occasional 
strands of blood clot) (Fig. 4). 


The distinction between the normal and abnormal gland 
"Twelve patients were diagnosed by grey scale ultra- 
sonography as having a normal thyroid gland. Eleven 
of these patients were subsequently shown to have a 
swelling outside the confines of the thyroid gland. 
In all these patients the scan was able to diagnose 
the nature of the non-thyroid swelling. Five patients 
had enlarged lymph nodes, of which 3 were malig- 
nant; there were 3 thyroglossal cysts and 1 branchial 
cyst; and 2 patients had vascular abnormalities. of 
the neck. One patient who was considered to have a 
normal gland on ultrasound examination, both because 
the size of the gland was normal and there were no 
abnormal echoes within the gland, was diagnosed as 
an early Hashimoto's thyroiditis on the basis of raised 
thyroid antibody titres. The 87 patients diagnosed as 
having an abnormal thyroid were later confirmed on 
clinical or histological grounds to have diseased 
thyroid glands. One patient could not maintain the 
supine posture because of positional dyspnoea and 
hence could not be scanned. 


Distinction between local and general disease 

Grey scale ultrasonography was able to distinguish 
between local and general disease in 94 per cent of the 
studies. Three colloid goitres, in which the disease 
process was found at operation to be localized to one 
lobe of the gland, were diagnosed as adenomas. In 
contrast, one adenoma, which occupied the whole of 
one lobe, was diagnosed as a colloid goitre. 


Accuracy of tissue diagnosis 

Despite the difficulties in making a pathological diag- 
nosis on the basis of the scan, an attempt was always 
made, except for those patients who presented the 
features of several different pathological processes, 
in which case a differential diagnosis was given. The 
anatomical or outline description of the gland was 
accurate in all but 5 patients, while the pathological 
diagnosis was less accurate (Table IIT). 

Simple cysts were diagnosed correctly in all cases 
(100 per cent accuracy). Multinodular colloid goitre 
was misdiagnosed in 7 out of 32 cases: 2 patients 
whose glands showed no evidence of nodularity were 
diagnosed as having thyroiditis, while 4 who had very 
localized changes were diagnosed as having adenomas. 
The seventh misdiagnosis would, in the light of fur- 
ther experience, have been accurately assigned. 
Thyroiditis was diagnosed correctly in all but 4 
cases: one patient with marked local degenerative 
change was thought to have a carcinoma and the other 
patient, who presented with a normal appearance on 
scanning, had early Hashimoto's thyroiditis with 
positive antibody studies. The 2 patients with De 
Quervain's disease were incorrectly diagnosed. 

Solid and complex local lesions were correctly 
diagnosed in 18 of 24 cases. One multiple adenoma 
was diagnosed as a colloid goitre and the 2 adenomas 
in the series in which there were signs of degeneration 
were also called colloid nodules. The 3 carcinomas 
(follicular 2, medullary 1) in the series could not be 
differentiated from adenomas. All 3 carcinomas were 
reported as being possibly malignant, and surgical 
treatment was advised on the basis of the scan. 

The accuracy of the specific diagnosis was little 
different in those patients with a histological diag- 
nosis from those with only a clinical diagnosis (82 
and 88 per cent respectively). 
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Table HI: THE ACCURACY OF TISSUE DIAGNOSIS 
IN THE 99 PATIENTS STUDIED 


Ultrasound in diagnosis of thyroid swellings 


True False 
Disease diagnosis diagnosis Total Accuracy 
Thyroiditis 14 4 18 8375 
Acute thyroiditis R 0 
Hashimoto's 6 2 
disease 
De Quervain's disease 0 2 
Multinodular colloid 25 7 32 7855 
goitre 
Local lesion 33 6 39 85% 
Adenoma I8 3 
Carcinoma 0 3 
Simple cyst 15 
Total 72 17 99 8325 
Discussion 


A technique which can reliably diagnose benign 
thyroid disease and accurately indicate those lesions 
which should be histologically examined would be 
of great value in the management of thyroid swellings. 
This study has shown that the normal gland can be 
distinguished from the abnormal; in addition, local 
and generalized thyroid disease can be documented 
with 94 per cent accuracy. Diagnostic problems arise 
in making the distinction between localized colloid 
nodules and adenomas. All but one solid and solitary 
lesion were diagnosed correctly, and the mistake 
occurred in suggesting that an adenoma was multiple 
—àan unlikely pathological event. 

The diagnosis of a thyroid cyst was accurate with 
ultrasonography. What is more, cystic degeneration 
with the adenomas, of which there were 4 examples, 
was clearly distinguished by the ragged outline in 
contrast to the characteristic smooth lining shown 
in simple cysts by ultrasound. If a simple cyst can be 
diagnosed with confidence, then aspiration, a simple 
outpatient procedure, becomes the preferred treat- 
ment to thyroid exploration. While there is little 
evidence for the danger of inadvertent needling of 
thyroid cancer (Crile and Hawke, 1973), such a 
situation is unlikely to arise provided careful atten- 
tion is paid to the appearance of the whole lining of 
the cyst. Conservative management of cystic lesions 
of the thyroid has been well established (Crile, 1966; 
Rosen et al., 1974). 

This study was performed using a widely available 
conventional B scanner with grey scale facility. 
Special purpose machines have been described for 
thyroid ultrasound (Jellins et al, 1975), and the 
further development of such machines holds out the 
promise of a several-fold increase in resolution. 
These developments will make the scan easier and 
quicker, the current manual technique being time- 
consuming and requiring great expertise. Diagnostic 
accuracy improved during the course of the study, 
enabling more accurate scan patterns to be described 
for each diagnostic group. It is hoped that with 
machines of greater resolution, and better ultrasono- 
graphic descriptions of the disease processes, that 
observer error will decrease so that the technique may 
become more universally applicable. 

The management of thyroid swellings can be simpli- 
fied by this technique. Once the presence of an ab- 
normal thyroid has been determined, ultrasound 
examination will determine the presence or absence 
of a cyst, a step with 100 per cent accuracy in this 
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series. Next the scan will determine if the lesion is 
definitely benign, a step without error in this study. 
For the remaining swellings surgical intervention 
would be indicated to exclude a carcinoma. In the 
group in whom the swelling is definitely benign, the 
decision on surgical intervention would be made on 
symptomatic grounds alone. For those patients in 
whom conservative management is being followed, 
serial ultrasound scans will enable the progression 
of the lesion to be monitored with accuracy. 
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Intraoperative autotransfusion for elective 


aortic surgery 


R. M. GREENHALGH, C. J. C. KIRK, A. BARTOLL, J. OWEN, 
T. R. MITCHELL, A. GERKEN, B. MASTER AND I. C. GREGORY* 


SUMMARY 

Intraoperative autotransfusion using the Bentley ATS 
100 was used in 23 patients requiring Dacron replace- 
ment of their abdominal aorta. An average of 2000 ml 
of blood was reinfused and a total heparinization dose 
was given. The mean haemoglobin fell 2-8 g/dl and on 
average 2 pints of banked blood were given in the post- 
operative period. Coagulation studies performed before 
and after surgery showed minimal alteration. We feel 
that further evaluation of this system is essential so that 
an alternative is established for when banked blood is 
not available. The system is particularly useful at the 
present time for such emergencies as a leaking 
m aortic aneurysm and severe trauma to the 
iver. 


INTRAOPERATIVE autotransfusion refers to the recovery, 
anticoagulation, filtration and reinfusion of blood 
lost at operation. The concept is more than 150 years 
old. James Blundell at Guy’s Hospital, London, is 
said to have autotransfused 10 women with post- 
partum haemorrhage in 1818. Five of the patients 
were reported to have lived. Just over 6 years ago 
Bentley Laboratories began marketing their ATS 100 
unit for autotransfusion. Klebanoff and Watkins 
(1968) were among the early pioneers to gain experience 
with this system. It has been mainly used for emer- 
gency surgery where massive blood loss was expected. 





Fig. 1. The intraoperative autotransfusion system. The 
totally heparinized blood is filtered and reinfused 
via two large bore cannulas. 
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There is very little information about the use of this 
system in elective surgery under controlled conditions, 


Patients and methods 

Intraoperative autotransfusion has been used for 23 elective 
procedures on the abdominal aorta. It was reserved for those 
patients in whom a Dacron bifurcation graft was used as some 
blood loss is inevitable in these procedures, mainly because of 
the porosity of the Dacron material. 

The Bentley ATS 100, which is a modification of the cardio- 
tomy set, incorporates a single-roller head pump, enabling 
the suction of blood which is spilt into a cavity (in this instance, 
the peritoneal cavity). This blood passes to a reservoir of 
1500 ml capacity (Fig. 1). The system incorporates a 125 um 
filter and we elected to add a 40 um filter in addition. Re- 
infusion can be at the rate of up to 600 ml/min and two no. 12 
large bore cannulas were used for the intravenous reinfusion. 

One of us (A. B.), a cardiac pump technician, managed the 
Bentley ATS 100 for the first few operations and later trained 
another of us (C. J. C. K.), a laboratory chief technician, to 
use the system. It was necessary to have one person entirely 
responsible for the instrument who was able to work closely 
with the anaesthetist. The system was primed with 300 ml of 
heparinized Hartmann's solution and the i.v. sets purged of air. 
Sterility of the system was checked by culture swab before and 
after the procedure. The sterile sucker was handed to the 
theatre scrub nurse. 

The ECG, CVP and arterial wave form from our intra- 
arterial catheter were displayed. From the wave form, a read- 
out of systolic and diastolic pressure was available. This was 
considered essential for the safe management of the auto- 
transfusion system. 

At operation the aorta and arteries requiring surgery were 
displayed and all dissection around the appropriate vessels 
was completed before heparin was given. A full cardiac 
heparinization dose of 300 units per kg body weight was used. 
It was found that if the whole of the dissection was performed 
before heparin was given, the amount of extra bleeding was 
minimal. At the end of the procedure the appropriate dose of 
protamine was given to reverse the effect of the remaining 
heparin. The haematological investigations performed pre- and 
postoperatively were: whole blood haemoglobin concentration, 
plasma haemoglobin concentration (normal range 0-4 mg/dl), 
platelet count (normal range 150-400 x 10°/D, prothrombin 
time (normal range 12-155), kaolin cephalin clotting time 
(normal-control time 7s) fibrin/fibrinogen degradation 
products (normal range 0—8 mg/l) and fibrinogen titre or clot 
weight fibrinogen concentration (normal range titre 64-256, 
concentration 2-4 g/l). 


Results 

Ease of use 

The cardiac pump technician was able to train the 
laboratory chief technician in a very short time and 
confidence in the system was soon gained. The 
anaesthetists found that the system was quite con- 
venient from their point of view. The rate of reinfusion 
could be regulated according to the requirements. It 
was difficult to assess accurately how much blood was 
being reinfused. A rough estimate was possible from 
the calibration supplied with the reservoir. 


* Charing Cross Hospital, London. 
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Table I: RESULTS OF HAEMATOLOGICAL STUDIES 
IN PATIENTS HAVING INTRAOPERATIVE 
AUTOTRANSFUSION 


R. M. Greenhalgh et al. 


No. Preop. Postop. 
Haemoglobin (g/dl) 23 13:6 2-0 10:8--2:1 
Plasma haemoglobin (mg/dl) 21 83-13 140-- 87 
Platelets x 10*/l 22 224 4-81 160-i- 51 
Prothrombin time (s) 15 13:9-- r4 16:62- 2:9 
Kaolin cephalin clotting 15 40-11 43-13 

time (s) 

Plasma fibrinogen (g/l) 9 3784082 2474037 
Fibrinogen tHre 23 128-256 64-256* 
Fibrinogen degradation 23 « 8-128 8-128t 


products (mg/l) 


Values are mean -- s.d. except for fibrinogen titre and 
fibrinogen degradation products which are ranges. 

* Unchanged in 10, lowered in one tube in 10 patients, 
lowered in two tubes in 3 patients. 

T Unchanged in 2, increased in 20, reduced in 1. 


Sterility 

No significant pathogenic organism was cultured on 
any occasion, even though the disposable unit was 
often set up some time before the operation was 
performed. In addition, blood cultures were taken 
from the patients 1 hour postoperatively, and again no 
pathogens were isolated. 


Heparinization 

For the first few patients 150 units per kg of body 
weight were administered and after only 15 or 20 
minutes clots were seen to block the filters. For this 
reason the full cardiac heparinization dose of 300 
units per kg body weight was used and no further 
problems of this sort were encountered. 


Surgical results 

Banked blood was never given during the operation 
and it was estimated that on average 2000 ml of blood 
were reinfused per procedure. In the postoperative 
period blood transfusions were given if this was 
thought to be advisable on clinical grounds. An 
average of 2 units of blood was given to the patients 
after operation. The average stay in hospital for the 
23 patients was 10 days. The impression was that 
patients who had received an autotransfusion seemed 
to get better faster and become mobile more quickly 
than patients who had received banked blood. There 
were 2 deaths: 1 patient died of a myocardial infarc- 
tion 36 h after the operation and the second patient 
had a successful operation but during the post- 
operative period blood started to ooze from his 
wound and he showed evidence of an enhanced 
fibrinolysis. This was ultimately controlled without 
reoperation but by this time he had developed acute 
renal failure from hypotension and he subsequently 
died. This patient, who also had severe diabetes, 
had evidence of a mild consumption coagulopathy 
preoperatively. 


Haematological changes 

These are shown in Table I. The results demonstrate 
a minor degree of red cell damage, as evidenced by the 
rise in plasma haemoglobin. The platelet counts were 
reduced during the operations but in only one patient 
was the fall to below 100x IO*?/l. The fibrinogen 
concentrations were also reduced and this was 
accompanied by a slight increase in circulating fibrin/ 
fibrinogen degradation products. 


Discussion 
The concept of intraoperative autotransfusion is so ~ 
simple that it is hardly surprising that it was first tried 
many years ago. In those days death from postpartum 
haemorrhage was a horrendous sight. Highmore in 
1874 wrote his ‘Practical remarks on an overlooked 
source of blood supply for transfusion' after watching 
a patient die from postpartum haemorrhage. Duncan, 
in 1886, successfully man&ged a patient who had 
suffered a crushing injery of the thigh. He amputated 
the leg, drained the blood into a bowl with saline and 
reinfused it into the exposed femoral vein. Klebanoff 
and Watkins, in 1968, first used the modern roller 
pump autotransfusion system. Klebanoff gained vital 
experience with the unit in Vietnam (1970). By 1973, 
Brener et al. were able to report 20 patients in whom 
the intraoperative autotransfusion system had been 
used during abdominal aortic surgery. Between 200 
and 15000ml of blood were reinfused in these 
patients, but the average was 1500 ml. Duncan et al. 
(1974) reported 53 patients managed with the ATS 
100. Twenty-six patients had received serious injuries, 
8 had ectopic pregnancies and 19 were a mixture of 
various emergency and elective procedures. Of the 53 
patients, 21 died, including 1 with air embolus. These 
authors were able to show that there was no mortality 
when less than 3600 ml of blood were reinfused, but 
that over 3600 ml of blood the mortality rate was 
50 per cent and over 7000 ml of blood the mortality 
rate was 82 per cent. They associated an increasing 
number of coagulation problems with larger volumes 
reinfused and managed these patients by infusing 
fresh blood and using e-aminocaproic acid. The main 
difficulty with such mortality figures is to know how 
many of the patients would have died from their 
injuries in any case if the ATS 100 had not been used. 

Reul et al. (1974) used the ATS 100 and salvaged 
105 units of blood from 25 patients. They had 4 deaths 
and were convinced that some patients would have 
died without the instrument because of acute blood 
shortage. 

Duncan et al. (1974) cautioned against the use of 
the ATS 100; they reported 20 patients, including 8 
elective abdominal aortic aneurysms and some 
emergency abdominal aortic patients and had 8 
deaths, 6 of them occurring in patients with ruptured 
abdominal aortic aneurysms. The authors felt that 3 
of the deaths were as a result of the use of the ATS 
100 unit, and these 3 had had abnormal coagulation 
studies before death. The other patients had showed 
no abnormality. No systemic heparin was given to 
any of these 20 patients. The ATS 100 was primed 
with 200 ml of heparinized Ringer's solution contain- 
ing 5000 units of heparin. There is clearly room for 
doubt as to whether some of these deaths would have 
occurred on banked blood in any case. These results 
contrasted strongly with those of the Massachusetts 
General Hospital (Raines et al., 1976), where no 
deaths had been encountered and a full heparinization 
dose had been given. 

We found that the haematological effects of auto- 
transfusion are less than might be expected. The 
elevation in plasma haemoglobin concentrations was 
not much greater than that seen during extracorporeal 
circulation during cardiac surgery. 

The mechanisms underlying the changes observed 
in the coagulation parameters are obscure. Mashiah 
et al. (1977) have described significant depression of 


the plasma fibrinogen concentration and platelet 
counts in patients undergoing aortic surgery without 
the use of autotransfusion. Our recent results (un- 
published) confirm these findings. 

There is a considerable paucity of data in the 
literature concerning the effect of autotransfusion on 
the patient's blood. Buth et al. (1975) reported some 
interesting findings on the red cell mass and red cell 
survival in patients who had an elective aortic resection 
in which the ATS system, was employed. In 14 of 
the patients the red blood cell survival was shown 
to be the same before and after the operation, 
and in 28 patients it was estimated that 3100 ml 
of blood per procedure had been salvaged. The 
mean PCV in this series fell from 42 to 28 (a fall of 
33 per cent). 

Wall et al. (1976) produced the first data dealing in 
detail with any changes in clotting factors. They 
reported data on 6 patients: in these the platelet 
count, fibrinogen, prothrombin time, partial thrombo- 
plastin time, euglobulin clot lysis time and fibrin 
degradation products remained essentially unchanged. 
Their work parallels our larger series and they also 
recommend heparinization. 

Noon et al (1976) have recently described an 
alternative intraoperative autotransfusion system 
made by another company which does not incorporate 
a roller pump but involves a mixing of blood with 
citrate phosphate dextrose in the ratio of 7 : 1. As the 
blood is sucked the mixture is collected in a dependent 
bag, filtered and reinfused by gravity by raising the 
bag. The cost of the individual disposable unit is less, 
but a new unit is needed for every pint of blood 
reinfused. After approximately every 2000ml of 
blood reinfused, this system costs more than the ATS 
100, where only one disposable unit is required per 
operation. 

Intraoperative transfusion is, at present, unlikely to 
become routine in general surgical procedures mainly 
because banked donor blood of high quality is 
available. However, this source is becoming a precious 
commodity because of increased demands for cardiac 
surgery, radical cancer surgery and treatment of 
multiple injuries. It could be that in the future this 
excellent source of blood will become scarcer, which 
could eventually limit elective cardiovascular surgery. 
In any case, intraoperative autotransfusion is unneces- 
sary for the vast majority of general surgical pro- 
cedures, where the expected blood loss is probably 
less than 1000 ml. Also, there are a limited number of 
procedures where sterility can be guaranteed. Further, 
the system cannot be used for cancer surgery for fear 
of dissemination of disease. In the past, the collection 
and delivery systems have been less than perfect and 
the advances in equipment designed for cardio- 
pulmonary bypass have improved methods of intra- 
operative autotransfusion. 
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5 
Some surgeons have been concerned that intra- 
operative autotransfusion may initiate intravascular 
coagulopathy, as reported by Duncan et al. (1974) 
who used no systemic heparin. We would agree with 
Wall et al. (1976) that under controlled conditions, so 
long as systemic heparin is used, there is little or no 
significant alteration to the coagulation and fibrino- 
lytic systems. Our patient who died some time after 
surgery with enhanced fibrinolysis had no abnormality 
in his coagulation system. Preoperative blood samples 
showed that there was evidence of a mild consumption 
coagulopathy at that stage. In view of this experience 
we shall exclude all patients from intraoperative 
autotransfusion who have any abnormality in either 
their coagulation or fibrinolytic system. With these 
provisos, we feel that it is right to persist at the 
present time with a system which may not be better 
than the use of the best banked blood, but may be a 
very good substitute for it. We believe that it should be 
evaluated at this stage in case banked blood becomes 
scarcer. 
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The clinical scope and potential of isotope angiology 


R. A. HURLOW AND C. J. L. STRACHAN* 


SUMMARY 
Arterial imaging using a gamma-camera to follow an 
intravenously injected bolus of **Tc" has been per- 
formed in over 200 patients. The technique has been 
found useful in the evaluation of emergency vascular 
problems, in routine cases where arteriography cannot 
be performed or is inadvisable and in the assessment 
and follow-up of patients with intermittent claudication 
and digital vessel disease. 


IsoroPE angiology using a gamma-camera to follow 
the transit of an intravenously injected isotope 
through peripheral arteries is a new, alternative 
method of obtaining visual and quantitative infor- 
mation on vascular disease. Its use has been reported 
in the diagnosis of aortic aneurysms, in the detection 
of peripheral arterial embolism and in the determina- 
tion of graft patency. However, with heavy demands 
on gamma-camera facilities for bone, brain, lung and 
kidney imaging, the precise areas in which isotope 
arterial imaging provides useful information requires 
definition. 


Method 

Isotope angiograms are obtained by positioning the patient so 
that the gamma-camera head can be centred over the arteries 
of interest. A bolus of 7-8 mCi **Tc™ pertechnetate is injected 
into an antecubital vein and its transit through the arteries 
monitored for 1-23 min, the information being fed to a 
persistencescope for immediate imaging and on-line to a com- 
puter with a visual display unit for dynamic studies (Fig. 1). 
Studies are completed in 5-10 min including computer pro- 
cessing. 

During the past 3 years over 200 patients with vascular 
disease have been studied by isotope angiology. Three areas 
can now be defined in which the technique has improved the 
accuracy of clinical assessment: 

l. Emergency vascular problems. 

2. Evaluation of patients for elective surgery. 

3. Determining progression or regression of peripheral 
vascular disease. 






GAMMA CAMERA 





Fig. 1. Equipment for isotope arterial imaging. VDU, Visual 
display unit. 


Emergency vascular problems 

Vascular surgeons rarely perform elective arterial 
reconstruction without arteriograms. [n emergency 
situations, however, when life or limbs are threatened, 
the delay in treatment involved in obtaining arterio- 
graphy may be critical. From clinical assessment 
alone it may be impossible, for example, to determine 
the site of arterial trauma or to estimate the extent of 
disease. 

Since isotope angiology takes only a few minutes 
and requires no anaesthetic it may be performed en 
route to the operating theatre, and may yield valuable 
diagnostic information. 





Fig. 2. Suprarenal aortic aneurysm extending to the lung 
radioactivity superiorly. The black line across the aneurysm 
marks the level of the xiphisternum. 





Fig. 3. Aortic dissection occluding the orifice of the left 
common iliac artery and re-entering at the right commor 
iliac bifurcation. 





* Queen Elizabeth Hospital, Birmingham. 
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Fig. 4. Thoracic and abdominal dissection occluding the 
orifice of the left common iliac artery and re-entering in the 
lower part of the right common iliac artery. Right kidney 
radioactivity is easily seen, but the left kidney is not as well 
perfused. 





Fig. 6. Isotope image of a patent, left femoral to distal 
popliteal Goretex graft. 


The technique has been used to determine: 

a. The extent of abdominal aortic aneurysms. 
Fig. 2 is an isotope scan of the abdominal aorta in a 
patient presenting with possibly a suprarenal ‘hot’ 
aneurysm. The horizontal line marks the level of the 
xiphisternum, and the upper border of the aneurysm 
extends to the diaphragm. Prior knowledge of this 
suprarenal extension enabled renal perfusion appar- 
atus to be made ready and preparation for a prolonged 
operation. 

b. Adequacy of renal perfusion and extent of aortic 
dissections. A 50-year-old man was crushed against a 
wall by a truck. Shortly afterwards he developed an 
acutely ischaemic left leg with a weak femoral pulse 
and no distal pulses. The isotope angiogram performed 
en route to the operating theatre (Fig. 3) showed a 
wide aortic bifurcation with no filling of the left 
common iliac. The right common iliac artery is wide 
as far as its bifurcation, where the dissection pre- 
sumably re-enters the proper lumen. The left external 
iliac fills via cross pelvic internal iliac circulation. 
These findings were all confirmed at laparotomy, and 
the dissection was started at the level of the inferior 
mesenteric artery. 

Fig. 4 is an isotope image of the abdominal aorta of 
a 46-year- -old patient who developed a type III dis- 
section in France. An IVP showed a non-functioning 
left kidney. After transfer to Birmingham, his left 
femoral pulse became weaker. The isotope angiogram 
showed a wide aorta with poor filling of the left 
common iliac and re-entry of the dissection at the 





Fig. 5. Aorto-iliac image showing occlusion of the left 
external iliac but patency of the common and superficial right common iliac/external iliac junction. Right renal 
femoral arteries, allowing cross-over grafting. perfusion is easily visible, but more importantly the 
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Fig. 7. a, Isotope image of normal hands. b, Distal finger radioactivity as counts/2:5 min in 3 normal volunteers. 
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Fig. 8. Occlusion of the left internal carotid. 


left kidney has been faintly outlined, 
function. 

In both cases, valuable information was obtained 
rapidly and with no distress to the patient before 
surgical intervention. 

Although isotope angiology has been used for 
determining the site of peripheral embolism, clinical 
examination and the success of Fogarty catheterization 


make further investigations unnecessary. 


indicating 


Elective surgery 

The use of isotope angiology in the investigation of 
arterial disease before elective surgery is advocated 
when: 

a. Contrast arteriography cannot be performed, 
e.g. allergy to the medium. 

b. In debilitated patients in whom femoral revascu- 
larization by a cross-over graft or axillofemoral graft 
is contemplated. Patency of the recipient femoral 
artery may be shown by an isotope angiogram (Fig. 5) 
and may save a fruitless groin exploration. 
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Fig. 9. A left carotid body tumour showing uptake of 
radioactivity in tumour capillaries. 


c. Bypass graft patency is in doubt. Patent grafts 
are easily visualized (Fig. 6). 

d. Contrast arteriography shows aorto-iliac disease 
anatomically but gives no guide to haemodynamic 
importance. Measurement of isotope transit time 
through the aorto-iliac vessels has been shown to 
provide an indication of the severity of disease, which 
was independent of disease in the superficial femoral 
artery (Hurlow et al., 1978). 


Evaluation and follow-up of patients 

Intermittent claudication 

The scope of isotope angiology is greatly increased 
with the addition of a small computer to the system. 
It enables quantitative measurements of perfusion to 
be made. Isotope imaging of the calves after 5 min 
of ischaemic occlusion enables the calculation of a 
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Hospitals in many parts of the world have chosen the Seward minor operating 
table. Because it has so many advantages — at a very competitive price . . . 
Superb design quality — with stainless steel table-top and side rails. 

Safety for the patient — instant tilt release into Trendelenberg and reverse 
Trendelenberg positions. Easily adjustable head and foot sections. 
Accessories — wide range available from Seward. 


Strong, handsomely styled, easy to keep clean. The ideal operating table for 


many surgical procedures, accident, casualty and outpatient departments. 
Send now for full details and a price list. 


Ba Seward surgical 


Seward Surgical, UAC House, Blackfriars Road, London SE1 9UG, England 
Telephone: 01-928 2070 Telex: 919021 


A member of the Medical Division of UAC International 
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The amazing new Eschmann 
Alpha has a system of controls 
that make other operating 
tables somewhat clumsy by 
comparison. 

For a start, its Control Arm 

can be moved to a number of 
positions at the head or leg 
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be moved up and down. This 
allows maximum accessibility 
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thumb-operated selection 
combined with operation of the 
drive handle, which allows 

for right or left-handed users. 
There's even a 2-speed selector 
for moving heavy patients. 
And foot controls at both ends 
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surgery and microsurgery 
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The results of a large 
German field study! 
Marked reduction of 
mortality when Trasylol 
was applied early. 

Precise clinical 
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patients by an Australian 
double-blind study?) 
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calf perfusion index which is related to the severity of 
„disease in the proximal arteries, This technique has 
been used to follow the progression of disease in 
patients with claudication and to assess the efficacy of 
vasodilator drugs in treating the disease. Calf imaging 
has also been of value in determining whether vascular 
disease is responsible for symptoms of intermittent 
claudication. In several cases, symptoms out of pro- 
portion to the severity of disease determined objectively 
by calf scanning have been found to be due to pro- 
lapsed intervertebral lumbar discs. 

Although surgery may relieve patients’ symptoms, 
atheromatous disease is progressive. Objective tests 
of function such as pressure gradients, velocity and 
flow measurements are necessary to evaluate the 
effects of different treatment regimes on the course of 
vascular disease. 

The value of modifying lipid metabolism, viscosity 
and platelet behaviour can only be determined by 
careful, repeated use of such non-invasive measure- 
ments. 


Raynaud's disease 

Patients with primary and secondary Raynaud’s 
phenomenon are currently being studied by isotope 
hand imaging. In normal hands (Fig. 7a) an even 
distribution of radioactivity is seen in the fingers after 
scanning of 2:5 min. Finger-tip perfusion can be 
quantified as total counts over this period, and little 
variation of this measurement has been found in normal 
volunteers ( Fig. 75). In patients with Raynaud's disease, 
however, digital perfusion is reduced, and scanning 
enables this to be expressed numerically. Sequential 


Isotope angiology 691 
scans following treatment by sympathectomy or drugs 
allow an objective assessment of efficacy. 


Carotids 

In a small number of examinations carotid artery 
scanning has not yet proved useful. An image of the 
common carotids can be obtained, but the bifurcation 
and internal carotid artery are poorly detailed, al- 
though total occlusion of the internal or external 
carotid can be seen (Fig. 8). However, quantitative 
studies of the area have not been undertaken. Defini- 
tion is good enough to show the vascularity of a 
carotid body tumour as illustrated in Fig. 9. 


Conclusions 

Isotope arterial imaging has many roles in the in- 
vestigation of peripheral arterial disease. First, as a 
substitute for contrast arteriography in the emergency 
situation, in debilitated patients and where arterio- 
graphy cannot be performed because of allergy to the 
medium or for technical reasons. 

Secondly, as a supplement to arteriography to 
determine the haemodynamic importance of athero- 
matous lesions and to follow the progression or 
regression of these lesions during treatment. 

Thirdly, às a successor to arteriography in the 
evaluation of digital vessel disease. 
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The long term sequelae of deep vein thrombosis 
MARJORIE MUDGE AND L. E. HUGHES* 


SUMMARY 
Five hundred and sixty-four patients undergoing ab- 
dominal surgery, who were carefully assessed at the 
time of operation for evidence of venous thrombosis, 
have been followed up to determine the incidence of leg 
symptoms, varicose veins and post-thrombotic syndrome. 
Patients are frequently troubled by pain, swelling and 
phlebitis, which can persist for up to a year after opera- 
tion. New varicose veins developed by 1 year in 20 per 
cent of patients. These occurred with increased frequency 
in patients who also developed a deep vein thrombosis, 
but they were also seen in patients who showed no 
clinical or isotopic evidence of thrombosis. The post- 
thrombotic syndrome was present in 26 patients by 3 
years after the operation; half of these patients had 
suffered the syndrome before the definitive operation. 
Assessment of the long term effects of venous throm- 
bosis must be carried out against the background of 
similar effects seen in patients without thrombi, and the 
development of the post-thrombotic syndrome may best 
be considered as the summation of a number of incidents, 
overt or occult, occurring throughout a lifetime. 


THE serious sequelae of deep vein thrombosis, such as 
pulmonary embolism and gravitational ulcer, have de- 
manded a keen interest in this problem on the part of 
surgeons. Early classic studies by venography and at 
autopsy provided much important data, and follow-up 
studies of patients with clinical thrombi have estab- 
lished that gravitational ulceration is a common 
sequela (Bauer, 1942). With the introduction of the 
125]-fibrinogen test (Atkins and Hawkins, 1965), the 
direction of investigational effort took a sharp turn 
towards the detection of subclinical disease. While this 
technique has the advantage of recognizing large 
numbers of thrombi so that statistically significant 
results can be obtained with small numbers of patients, 
it has produced its own question—what is the clinical 
significance, both short and long term, of those sub- 
clinical thrombi which do not progress to produce an 
overt acute clinical problem? 

During the years 1972-3 a prospective, blind, 
randomized study of prophylaxis of thrombo- 
embolism using Dextran 70 was carried out in South 
Wales (Kline et al., 1975). Eight hundred and thirty- 
one patients were entered into the trial in which careful 
clinical assessment, before and after operation, was 
carried out by a doctor specifically employed for 
documentation. It seemed an ideal opportunity to 
study the long term effects of thromboembolism on a 
total defined surgical population, comparing the out- 
come in patients with clinical thrombi, with subclinical 
(isotopic) thrombi and those without postperative 
thrombosis. It is intended that all patients will be 
followed for 10 years from operation. Initially the 
study was concerned with the incidence of varicose 
veins and those changes in the lower legs which are 
» commonly known as the post-thrombotic syndrome. 
However, it was soon obvious that patients com- 
plained of a variety of additional symptoms related to 
their legs, and the study was broadened to include 


these. This paper reports the results of the l-year 
survey, with consideration of some aspects of the 3- 
year survey. 


Patients and methods 

In the South Wales Dextran Trial all patients over the age of 40 
entering any one of five hospitals to undergo gastric, biliary or 
colonic surgery were randomized to receive peroperative 
Dextran 70 or placebo (saline). Of 831 patients dealt with in 
five hospitals, a subgroup of 214 patients under the care of one 
of the units at the University Hospital of Wales was addition- 
ally assessed by the }*I-fibrinogen test according to the 
technique reported by Kakkar (1974). 

All patients entered were seen by one of five part-time doctors 
who had no clinical commitments other than those related to 
the trial. Previous history of leg problems was elicited and the 
patients examined for the presence of varicose veins or post- 
thrombotic syndrome. The patients were examined thrice 
weekly until discharge and then at 3 months. 

Subsequently all patients are being examined at 1, 3 and 5 
years by one of the original five doctors (M. M.). Patients are 
seen at special clinics at their own hospital or by a home visit 
where necessary. The presence of leg symptoms is elicited with 
special reference to pain in the legs, thrombophlebitis or deep 
vein thrombosis occurring since discharge and swelling of the 
legs. The legs are then examined for varicose veins, oedema, 
induration, pigmentation and ulceration. The post-thrombotic 
syndrome is diagnosed on the basis of an overali clinical 
assessment, including the presence of pain, swelling, varices and 
ankle swelling, together with induration and pigmentation. 
Eczema and ulceration were not considered essential for a 
diagnosis. 

Within the original group studied there was a high incidence 
of elderly patients and patients undergoing laparotomy for 
advanced malignancy, and this was reflected in a high early 
mortality, so that almost 200 patients were lost in the first year 
due to death or moving out of South Wales. An additional 62 
patients declined to cooperate. A group of 564 patients was 
studied for the ‘first year’ follow-up which was carried out at 
a mean time of 19 months postoperatively. Of these 564 patients, 
a diagnosis of deep venous thrombosis had been made during 
their initial hospitalization in 51; of these, 25 were clinical and 
36 were isotopic thrombi (10 patients had both clinical and 
isotopic thrombi). 


Results 
Leg symptoms 
On direct questioning, 21 per cent of all patients com- 
plained of leg symptoms (leg pain, phlebitis or ankle 
swelling) since their operation; 20 per cent (103 out of 
513) were patients in whom no thrombosis was 
diagnosed and 35 per cent (18 out of 51) were patients 
in whom DVT was diagnosed. This seemed a sur- 
prisingly high figure, especially in the non-DVT group, 
and could be attributed to the manner of direct 
questioning. However, this seems unlikely since 18 per 
cent had consulted their general practitioner for these 
symptoms. In 51 (10 per cent) of the non-DVT patients 
and 10 (20 per cent) of the DVT patients, the symp- 
toms had persisted for at least 12 months. 

Since not all patients had a !“I-fibrinogen test, 
it might be thought that the non-DVT patients 
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complaining of symptoms might have been those who 
. had suffered an undiagnosed subclinical thrombus. 

Evidence related to this was obtained by comparing 
the incidence of leg symptoms (persisting at least 12 
months) in three defined groups, scan-negative patients 
(108), scan-positive patients (36) and clinical DVT 
patients (25). The incidence in the three groups was 7, 
15 and 24 per cent respectively. These symptoms 
corresponded to the side of the thrombus in only three- 
quarters of the DVT patients. 


Leg signs 

Varicose veins: The development of varicose veins as 
discovered at 1-year follow-up is shown in Table I. 
Varicose veins were present in 24 per cent of patients 
before operation. New varicose veins, i.e. completely 
new or markedly increased, occurred in 20 per cent of 
the non-DVT group and in 27 per cent of the DVT 
group. When those patients (76 per cent) who had no 
varicosities demonstrated before operation were con- 
sidered, varicosities were present in 22 per cent (84 
of 380) of non-DVT patients and in 40 per cent (14 
of 35) of DVT patients. However, when only those 
patients who were known to be scan-negative are con- 
sidered as non-DVT patients, then the incidence of 
new varicose veins among the clinical DVT, isotopic 
DVT and scan-negative patients was 16, 35 and 16 per 
cent respectively. The relationship of the new varicose 
veins to the site of the thrombosis is shown in Table II. 
Of 14 patients with a postoperative thrombosis who 
developed varicose veins, the record of the site of the 
thrombosis was lost in 2, so that 24 legs of the remain- 
ing 12 patients were analysed. The side of the DVT 
and the side of the new varicose veins corresponded in 
only half of the legs studied. Likewise, there was little 
correlation between the presence of leg symptoms and 
varicose veins, since the incidence of leg symptoms 
was 18 of 135 for those having preoperative varicose 
veins, 10 of 112 for those with new varicose veins and 
33 of 306 for those with no varicose veins. 
Post-thrombotic syndrome (PTS): This has been 
diagnosed in 26 of the 564 patients at the 3-year follow- 
up. In 14, this was clearly present before the Dextran 
Trial and 12 of these patients had ulcers before their 
operation. Twelve patients developed a new PTS since 
their operation (Table III) and 1 of these progressed 
to ulceration. Eight of the patients had the syndrome 
at 1 year, while the other 4 developed it between 1 and 
3 years postoperatively. One of the new PTS patients 
had no postoperative DVT but had a spontaneous 
DVT 1 year later, so the PTS may be considered as 
unrelated to the operation. Of these 12 patients, the 
syndrome is bilateral in 8. Of 6 patients with no 
DVT, 5 had preoperative venous disease, suggesting a 
greater risk of PTS in patients coming to operation 
with varicose veins. 


Discussion 

A number of follow-up studies of patients with clinical 
thrombi have been reported, particularly series of 
patients in whom the thrombosis was severe enough 
to require intensive surgical or medical therapy. The 
reported incidence of post-thrombotic syndrome 
covers almost the whole range from 0 to 100 per cent 
and this must reflect diagnostic criteria as well as 
different therapeutic approaches. The classic studies of 
Bauer (1942) showed induration in 45 per cent of 
cases at 5 years and 72 per cent at 10 years, with a 
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Table I: VARICOSE VEINS AT 1-YEAR FOLLOW-UP 
OF 564 PATIENTS 


Preoperative veins 135/564 (24%) 
New postoperative veins (1 year) 112/564 (20% 
Non-DVT patients 98/513 (19%) 
No preop. veins 84/380 2275) 


DVT patients 
No preop. veins 


14/51 27%) 
14/35 (40%) 


Table Il: CORRELATION OF NEW POSTOPERATIVE 
VARICOSE VEINS WITH SIDE OF DVT 


DVT and varicose veins in same leg 
DVT and no varicose veins in same leg 
No DVT but varicose veins 

No DVT and no varicose veins 


— 
AO 


Table HI: NEW POST-THROMBOTIC SYNDROME 
IN 12 PATIENTS 


lyr 3 yr 
Postoperative DVT 3 5 
Clinical 2 3 
Isotopic i 2 
No postoperative DVT 5 6* 
Scan negative ł 1 
Scan not done 4 5 


* One patient developed a PTS following an apparently un- 
related episode of DVT 1 year after operation. 


corresponding incidence of ulceration of 20 and 50 per 
cent. There are few comprehensive data available for 
the period since the introduction of more aggressive 
medical treatment. Young et al. (1974) found evidence 
of the post-thrombotic syndrome in 50 per cent of 
legs affected by thrombosis after 3 years but also in 
20 per cent of the legs without evidence of thrombosis. 
Less data are available in patients with thrombi 
diagnosed only by the !?5I-fibrinogen test. Browse and 
Clemenson (1974) followed up 44 such patients and 
found that approximately one-quarter still complained 
of pain or swelling in the affected leg after 2-5 years. 
We have been unable to find any prospectively de- 
signed study of a large consecutive series of patients 
who have been examined before operation and sub- 
sequently followed after operation. The present study 
provides such data regarding the outcome in patients 
without demonstrable clinical or isotopic thrombi, 
thus providing the control information which will 
allow interpretation of the outcome in patients with 
different types of thrombosis. 

It has been shown that leg symptoms (leg pain, 
oedema and phlebitis) are commonly experienced 
following abdominal surgery and are of a severity 
which frequently leads to general practitioner con- 
sultation. These symptoms are troublesome for at 
least a year after operation but show a limited correla- 
tion with detection of deep venous thrombosis. The 
same is true of varicose veins, which show a clear 
increase after surgery, but only a limited correlation 
with the side of the thrombosis. The symptoms are 
consistent with those generally attributed to venous 
disease, but it is possible that other as yet unexplained 
mechanisms are involved. 
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in treatment policies is one possible explanation, 
since the cases of clinical thrombi were usually treated 
with anticoagulants while isotopic thrombi were 
treated only by bandaging and mobilization. 

A surprising finding from this study has been the 
high incidence of previous post-thrombotic syndrome 
(2 per cent) in patients coming to abdominal surgery. 
This group has not received prominent attention in 
the literature, but is responsible for roughly half the 
total post-thrombotic cases. Clearly the additive 
effect of repeated surgical procedures may be sig- 
nificant in many cases, and reinforces the need for 
prophylactic measures for all operations. 

A second surprising finding has been the incidence 
of changes in the legs of patients who have had no 
clinical or isotopic evidence of thrombosis. This 
factor, combined with the limited correlation between 
the side of the thrombus and the subsequent symptoms 
(also noticed by Browse and Clemenson in 1974), 
means that follow-up studies considering patients 
with diagnosed thrombi only will tend to give an 
exaggerated significance to the result of a single 
episode. Rather, the post-thrombotic syndrome should 
be seen in the context of the total lifespan, in which a 
number of individual episodes may contribute to the 
ultimate state, and that these episodes may not 
correspond in all cases to overt clinical or isotopic 
thrombi. It has been well known in the past that the 
post-thrombotic syndrome may occur in patients in 
whom no clinical thrombosis has been seen. It now 
must be recognized that the syndrome can also occur 
in the absence of subclinical thrombi. Whether this is 
due to the development of thrombi at sites not 
effectively monitored by the isotope technique, or 
reflects a lesser degree of accuracy for the test than it 
is generally believed to possess, remains an open 
question. It is known that many thrombi occur in 
patients before they come to operation (Heatley et al., 
1976) and it is possible that thrombi also occur in a 


Marjorie Mudge and L. E. Hughes 


variety of situations unassociated with hospitalization. 
With present techniques it seems unlikely that a normal. 
population could be monitored over a prolonged 
period to confirm or refute this hypothesis. 

The ultimate aim of studies of thromboembolic 
disease must be to develop regimens which eliminate 
both immediate and long term complications. The 
present study would suggest that we are further from 
achieving these aims in relation to long term problems 
than with regard to the immediate problem of pul- 
monary embolus. Detailed studies will be necessary 
for each prophylactic regimen to determine its 
effectiveness in preventing the development of leg 
problems resulting from progressive or summative 
venous pathology. 
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Pullthrough operation with delayed anastomosis 


for rectal cancer 


WILLIAM O. KIRWAN, RUPERT B. TURNBULL JUN., 
VICTOR W. FAZIO AND FRANK L. WEAKLEY* 


SUMMARY 
The technique of pullthrough resection with delayed 
anastomosis for carcinoma of the rectum as performed 
at the Cleveland Clinic is described. A series of 84 
cases of rectal cancer treated in this way is reported. 
The average tumour diameter was 4:5 cm, the 
average margin of resection was 4:1 em and the average 
distance of the tumour from the anus was 7:6 cm. The 
incidence of necrosis of the pullthrough was 1-2 per 
cent. The overall 5-year survival was 63 per cent with 
100 per cent, 57 per cent and 53 per cent for Dukes’ A, 
B and C tumours respectively. The quality of bowel 
function following surgery is described in detail. It is 
felt that this procedure has an important place in 
sphincter conservation in carcinoma of the middle third 
of the rectum. 


THERE is general agreement that carcinoma of the 
upper third of the rectum should be managed by 
anterior resection with restoration of continuity. It is 
likewise agreed that most cases of carcinoma of the 
lower third of the rectum should be treated by 
abdominoperineal excision with permanent colostomy. 
There has been an increasing tendency towards 
sphincter conservation for tumours of the middle 
third of the rectum, and we believe that the pull- 
through procedure has a significant role to play in 
this respect. 

Many variations of the pullthrough concept have 
been introduced by different workers. Hochnegg 
(1888) described a sacral approach for this procedure. 
Using an abdominal approach, the operation has 
subsequently been modified by many other workers 
(Babcock, 1932; Black, 1952; Bacon, 1956). 

The operation described in this paper was indepen- 
dently developed by Cutait and Figlioni (1961) and 
Turnbull and Cuthbertson (1961). This paper reports 
the experience of the Cleveland Clinic Department of 
Colon and Rectal Surgery with the pullthrough 
procedure and delayed colorectal anastomosis. 


Patients and methods 

Abdominal dissection: The sigmoid colon is mobilized medially 
in the usual manner, and the inferior mesenteric artery and 
vein are ligated close to the third part of the duodenum. The 
left colic artery is ligated close to its origin and if possible its 
bifurcation is preserved. The rectum is next mobilized down 
to the levator muscles. Strong silk ligatures are tied around the 
rectum 5 cm above and below the tumour. The lumen of the 
bowel is washed with 40 per cent ethyl alcohol. The remainder 
of the left colon and the splenic flexure are mobilized and the 
mesentery is detached from the lower border of the pancreas 
above the ligament of Treitz. At this stage the inferior mesen- 
teric vein is again divided at the ligament of Treitz. The junction 
of the descending and sigmoid colon, which is the proposed 
line of resection, is marked with a circumferential black silk 
ligature. The bowel is not divided at this time. 

Perineal dissection: In the exaggerated lithotomy position the 
anus is dilated and the bowel distal to the silk ligature is 
cleansed with 40 per cent ethyl alcohol. The full thickness of 
the bowel is divided circumferentially 1 cm above the dentate 


Table I; AGE OF 84 PATIENTS UNDERGOING 
PULLTHROUGH RESECTION FOR RECTAL 
CARCINOMA 


Age (vr) No. vA 
30-39 2 2-4 
40-49 16 19-0 
50-59 34 40-5 
60-69 25 29-8 
70-78 7 8:3 


Table H: DUKES’ STAGING OF 84 TUMOURS 
RESECTED BY PULLTHROUGH TECHNIQUE 


Dukes' stage No. 7b 
A i7 20:2 
B 33 39:3 
C 32 38-1 


"D 2 24 


line. The proximal bowel is grasped with haemostats and is 
pulled through. The mesentery of the pulled-through colon lies 
posteriorly. The bowel is pulled through until the marking 
ligature at the junction of the descending and sigmoid colon is 
protruding several centimetres beyond the sphincter (Fig. 1). 
The seromuscular layers of the pulled-through bowel are 
sutured to the rectal stump with chromic catgut (Fig. 2). A 
length of 10 cm of pulled-through colon is wrapped in gauze. 
The redundant bowel is excised and the distal end of the pulled- 
through colon is clipped to the gauze. 

Completion of abdominal phase: The mesentery of the pulled- 
through colon is sutured to the posterior abdominal wall. 
Sump irrigating drains are placed into the presacral space and 
the abdomen is closed, bringing out a temporary loop transverse 
colostomy through the upper part of the wound. The sump 
drains are irrigated with 31 of saline per 24 h and they are 
removed approximately 5 days later. 

Secondary perineal procedure: Ten days following the initial 
procedure the excess colon is excised (Fig. 3) and a secondary 
anastomosis using chromic catgut is made between the short 
rectal stump and the pulled-through colon and the anastomosis 
usually retracts immediately. 


Patients 

Between 1960 and 1976, 84 patients underwent the pullthrough 
procedure with delayed anastomosis for carcinoma of the 
rectum at the Cleveland Clinic Department of Colon and 
Rectal Surgery. Fifty-nine were male and 25 were female. The 
average age was 57 years (range 35-74 years). The age 
distribution of these patients is set out in Table I. Complete 
follow-up has been carried out on all 84 patients. 


Tumour details 

The average tumour diameter was 4:5 cm (range 1-3-10 cm). 
The average distance between the macroscopic tumour margin 
and the line of resection was 4:1 cm (range 1-12 cm). The 
average distance of the anal margin from the lower edge of the 
tumour was 7-6 cm (range 3-12:5 cm). The Dukes' staging of 
the tumours is set out in Table II. All tumours except one were 
described histologically as moderately differentiated. 
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Fig. 1. The junction of the sigmoid and 
descending colon is marked by a ligature. 
The sigmoid colon is completely excised. 





Fig. 2. The seromuscular layer of the pullthrough is 
sutured to the rectal stump. Note the protruding 
stump of colon to be excised at a later date. 


Results 

Mortality 

There was 1 operative death in the group of 84 patients 
(1-2 per cent). This patient, a 68-year-old male with 
a Dukes' stage B carcinoma, died from a massive 
pulmonary embolism 9 days postoperatively. 


Postoperative complications 
One patient (1:2 per cent) underwent ischaemic 
necrosis of the pullthrough. The patient, aged 60 
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Fig. 3. Excision of the pullthrough with delayed 


colorectal anastomosis at 7-10 days. The anastomosis 
is approximately 1 cm above the dentate line. 





years, suffered from generalized arterial disease and 
had had his abdominal aorta replaced by a graft 1 
year before his pullthrough operation. The inferior 
mesenteric artery had been divided at this previous 
operation. There was considerable anxiety about the 
blood supply to the pullthrough at the time of 
operation. The patient had a permanent colostomy 
performed and lived 13 years to die of a myocardial 
infarction. 

Six patients (7-1 per cent) developed pelvic sepsis 
in the early postoperative period. This sepsis was of 
a minor nature in all cases, requiring drainage in only 
2. No patient required a permanent colostomy 
because of pelvic sepsis. 

The stump failed to retract following the second 
phase in 1 patient (1-2 per cent). This problem was 
dealt with by further trimming the pullthrough 4 weeks 
following the original operation, and thereafter the 
stump retracted without difficulty. 

Eleven patients (13 per cent) developed laboratory 
evidence of postoperative urinary tract infection, but 
the real incidence was probably higher. Six of the 
59 male patients (10 per cent) developed intractable 
postoperative urinary retention and required trans- 
urethral prostatectomy. 

One patient (1-2 per cent) developed myocardial 
infarction in the postoperative period and 1 patient 
developed postoperative small bowel obstruction 
requiring surgery. Two patients (2:4 per cent) were 
diagnosed as suffering from pulmonary embolism in 
the postoperative period. 


Cancer cure 
Full follow-up information is available on all 84 cases. 
Forty-seven patients were eligible for consideration 
of 5-year survival and there were 30 5-year survivors 
in this group (63:8 per cent). The 5-year survival rate 
for patients with Dukes' stage A, B and C tumours is 
set out in Table III. 

Thirty-four patients have died from their tumour. 
The cause of death in these patients is set out in 
Table IV. 
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In the entire group of 84 patients, 5 have developed 
. evidence of pelvic recurrence of their tumour. Four of 
these tumours were Dukes' stage C and 1 was Dukes' 
stage B. 


Bowel function 

Bowel function was assessed by questioning all 
surviving patients. For the assessment of bowel 
function following the pullthrough operation for 
rectal carcinoma we have used a system which is 
similar to Visick grading (Visick, 1948) which has 
been used extensively in the assessment of the results 
of peptic ulcer surgery. The basis of this grading for 
our patients and the number of patients falling into 
each category are set out in Table V. Patients are 
placed in grade I only if they consider that their bowel 
function is entirely normal and is as good as it was 
preoperatively. Out of the 39 patients eligible for 
consideration of assessment of bowel function (alive 
more than 1 year postoperatively), 16 (41 per cent) 
were taking enemas, 13 (33:3 per cent) were unable to 
hold flatus and 4 (10-2 per cent) found it necessary to 
wear a pad. 


Sexual function 

It was considered that 27 patients were eligible for 
evaluation of male sexual function following the 
pullthrough operation for carcinoma of the rectum. 
Fourteen (51-8 per cent) considered that they had 
normal sexual function, 6 (22-2 per cent) had mildly 
impaired function and sexual function was markedly 
impaired in 2 (7-5 per cent). Five patients (18:5 per 
cent) were fully impotent. 


Discussion 
If the pullthrough procedure is to have a place in the 
management of carcinoma f the rectum it must meet 
certain criteria. 

1. It should be as effective as more radical operations 
in controlling the cancer. 

2. Operative mortality and postoperative complica- 
tions must be kept within acceptable limits. 

3. Bowel function must be reasonable so that the 
patient's condition is preferable to having a colostomy. 


Cancer cure 

The overall 5-year survival for cancer of the rectum 
treated surgically is approximately 49 per cent (Grage, 
1976). Our 5-year survival for cases treated by pull- 
through is 63 per cent, and this would seem to indicate 
that the pullthrough procedure provides as good 
cancer clearance as more radical surgery. The incidence 
of pelvic recurrence of tumour in the present series is 
5 out of 84 cases (6 per cent). It is possible of course 
that this incidence may increase with further pelvic 
recurrences in more recently operated patients. How- 
ever, most pelvic recurrences occur in the first 2 years 
(Morson et al., 1963). Nevertheless, ours is an entirely 
acceptable incidence of pelvic recurrence compared 
with the generally accepted figures for this complica- 
tion (Morson et al, 1963). All 5 patients who 
developed pelvic recurrence of their tumour had 
locally advanced cancers. It is concluded, therefore, 
that the pelvic dissection performed in the pullthrough 
operation is adequate for cancer clearance, and it 
seems unlikely that a more radical dissection would 
provide better results. 
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Table HI: DUKES’ STAGING RELATED TO 5-YEAR 
SURVIVAL IN 47 CASES OF CARCINOMA OF THE 
RECTUM TREATED BY PULLTHROUGH 


5-year survivors 


Pullthrough operation for rectal cancer 


Dukes’ stage No. No. y^ 
A 9 9 100 
B 21 12 57 
C 17 9 53 


TLIC SELENE Heres arts ierra EPI PEU UH LUE da att 


Table IV: CAUSE OF DEATH IN 34 PATIENTS 
FOLLOWING PULLTHROUGH OPERATION FOR 
RECTAL CARCINOMA 


Distant metastases 18 
Pelvic recurrence 5 
Metachronous colonic carcinoma 3 
Cardiovascular disease 4 
Operative deaths (pulmonary embolism) 1 
Prostatic carcinoma 1 
Bladder carcinoma 1 
Bacterial endocarditis l 
Table V: ASSESSMENT OF BOWEL FUNCTION IN 
PATIENTS STILL ALIVE AT MORE THAN 1 YEAR 
AFTER OPERATION 
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

Perfect Occasional Uses drugs Frequent Colostomy 

enema or major 

or Daily enema soiling 

Cannot or 
hold gas Wears pad 
or 
Occasional 
minor leak 

10 (25-6%) 14 (3592) 15 (38-85%) 0 0 


Mortality and postoperative complications 

The mortality of 1-2 per cent in the present series 
compares favourably with that reported in other 
series of pullthrough procedures, for example 12:5 per 
cent (Goligher et al., 1965), 4-5 per cent (Kennedy et 
al., 1970). The most troublesome complication of the 
pullthrough operation which has been described is 
necrosis of the pulled-through colon, and the incidence 
of this complication has been reported to be as high 
as 18 per cent (Goligher et al., 1965). The extremely 
low incidence of necrosis of the pullthrough in the 
present series is attributed to meticulous attention to 
colonic vascular detail and to excision of the sigmoid 
colon thus using the terminal part of the descending 
colon for the anastomosis. 

Pelvic sepsis, which has frequently been a problem 
in reported series (Kennedy et al., 1970), occurred in 
7 per cent of patients in the present series and was 
always of a minor nature and never necessitated the 
institution of a permanent colostomy. The complica- 
tion of rectovaginal fistula (Kennedy et al., 1970) was 
not encountered. The low incidence of pelvic sepsis 
and rectovaginal fistula is attributed to the per- 
formance of the anastomosis as a delayed rather than 
a primary procedure and the importance of this 
aspect is emphasized. In addition, it is considered 
important to perform a defunctioning loop transverse 
colostomy in each case. 

No problems have been encountered from stenosis 
at the site of the anastomosis between the proximal 
and distal segments. 
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Bowel function 

It is evident that bowel control is not perfect in all 
cases, but the contention that the operation results in 
a 'perineal colostomy' is rejected. Each patient had 
experience of a defunctioning colostomy and every 
patient clearly stated that the end result of the pull- 
through operation was preferable to having a 
colostomy. No patient had to have a colostomy 
instituted because of lack of bowel control. The 
patients who failed to develop a bowel habit post- 
operatively are managed adequately by a routine of 
tap water enemas, and we have found that patients 
are pleased with this routine. 


Sexual function 

The preservation of sexual function in the male is not 
a fundamental objective in the surgical management 
of cancer of the rectum. However, the normal sexual 
function in half of the present series confirms the 
benefit of performing the dissection anterior to 
Waldeyer's fascia, behind the fascia of Denovilliers 
and preserving the levator muscles. 

In summary, it is suggested that a pullthrough 
operation with delayed colorectal anastomosis pro- 
vides a valuable method of sphincter conservation in 
certain cases of carcinoma of the rectum and that by 
using this technique postoperative complications may 
be kept to a low level. 
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"The indications for simple closure of 


M. J. PLAYFORTH AND M. J. MCMAHON* 


SUMMARY 

One hundred and sixty-one patients undergoing simple 
suture of a perforated duodenal ulcer are reviewed retro- 
spectively. Nine patients (6 per cent) suffered a compli- 
cation of their ulcer during the postoperative period and 
3 (2 per cent) of them died. 

The mean length of follow-up was 26 months and 
during this period a total of 14 complications was seen 
in 12 patients. Five of these patients died after a compli- 
cation of their ulcer. 

Analysis of the data from patients who had complica- 
tions of their ulcers indicates that the operation of simple 
suture of a duodenal ulcer is indicated only in young 
and middle-aged women. 


In 1937 Roscoe Graham published his results from 51 
cases of perforated duodenal ulcer treated. by suture 
using an omental patch. One patient died of a pul- 
monary embolism, giving a hospital mortality of 2 per 
cent. This experience led Roscoe Graham to advocate 
simple closure of the ulcer in very clear terms: 


We have no responsibility to such patients but to save their 
lives. Any procedure... which aims to do more than this... 
can quite justifiably be considered meddlesome surgery. We 
have no responsibility during the surgery tó garry out any 
procedure designed to cure the patient of his original duodenal 
ulcer. 


Since 1937 this view has been questioned and a 
hospital mortality rate of 4-5 per cent for 112 cases 
treated by partial gastrectomy was achieved in Houston 
in 1955 (Cooley et al., 1955). 

The principles laid down by Roscoe Graham form 
the basis for a large proportion of contemporary 
surgical practice. In order to evaluate these principles 
in the context of present day surgery we carried out a 
retrospective study of the treatment of perforated 
duodenal ulcer treated by suture alone. 


Patients and methods 

A study of patients with perforated duodenal ulcers admitted 
under the care of nine consultants to the General Infirmary and 
St James's Hospital, Leeds, between the years 1968 and 1976 
was carried out. Of a total of 223 such patients, 161 received 
suture alone as the treatment of their perforation, largely 
owing to a policy decision concerning the treatment of this 
condition. 

Eight patients (of the total of 161) died in hospital and 21 
were apparently not seen at all in the outpatient clinic. Of the 
remaining 132 patients, 44 were discharged from outpatient 
follow-up and 13 were rereferred and subsequently discharged. 
Eighteen of 31 patients replied to a letter of inquiry regarding 
their symptoms after discharge from the outpatient department. 
Ten patients are known to have died since discharge from 
hospital and 47 are still being followed up. 

Of the 161 patients who underwent simple closure, 131 were 
men and 30 were women. The mean age was 51416 years 
(range 17-84) and the mean duration of ulcer dyspepsia was 
31 months. In 51 patients (32 per cent) there was no previous 
history of dyspepsia and in 39 patients (24 per cent) there was 
a dyspeptic history of longer than 5 years. The mean length of 
time between perforation and operation was 9--6 h and the 
mean length of follow-up was 26 months. 


Results 

Wound infections and minor chest infections were seen 
in 35 patients (Table 1). Other major postoperative 
complications were divided into two categories, those 
unassociated with the continued presence of the ulcer 
and those due to the ulcer. Subphrenic abscess or 
major cardiovascular and pulmonary problems were 
seen in 15 patients (9 per cent) and 5 of these patients 
died. Nine patients (6 per cent) suffered a postoperative 
complication related to the continued presence of the 
ulcer. There were 3 bleeding episodes (haematemesis 
or melaena), 3 reperforations and 3 cases of pyloric 
stenosis. Three (2 per cent) of these patients with an 
ulcer complication died. 

Patients who suffered a postoperative complication 
due to the continued existence of the ulcer differed 
from those who had a complication unrelated to the 
ulcer, as shown in Table II. In terms of the duration of 
the perforation before laparotomy, and the proportion 
of patients who suffered an associated debilitating 
condition, there was little difference between the 
groups. Patients who suffered an ulcer complication, 
however, tended to be older and to have a longer 
dyspeptic history than those who suffered a complica- 
tion apparently unrelated to the continued presence 
of the ulcer. 

One hundred and thirty-two patients were seen in 
the outpatient department, and further dyspepsia was 
complained of by 63 (48 per cent) (Table III). Four- 
teen complications of duodenal ulceration were seen 
in 12 patients (9 per cent). There were 6 episodes of 
haematemesis or melaena, 2 of reperforation, 2 of 
pyloric stenosis and 2 patients had a combination of 
reperforation and bleeding. Forty-three patients (33 
per cent) underwent an elective procedure to cure their 
ulcer and 9 (7 per cent) an emergency operation for an 
ulcer complication. Five patients (4 per cent) are 
known to have died as a result of an ulcer complica- 
tion during the follow-up period and 5 died from 
apparently unrelated causes. 

Patients who developed complications from their 
ulcer in the follow-up period were similar in respect of 
age and duration of dyspepsia to those who suffered 
postoperative complications of their ulcers, but 
whereas the postoperative group was exclusively male, 
the long term group contained 3 women and 9 men. 
The average age was 68 + 10 (range 51-84). Four (25 
per cent) of this group suffered a chronic debilitating 
disease before the closure of their perforation but 2 
had no previous dyspepsia. There were 14 complica- 
tions in 12 patients and the average length of history 
was 54 + 57 months. 

Table IV shows data from all the patients who suf- 
fered an ulcer complication in either the postoperative 
or later follow-up periods. It is clear that men of all 
ages, and with a wide variation in duration of previous 
dyspepsia, are at risk as well as elderly women. No 
woman under the age of 75 years suffered an ulcer 
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Table I: POSTOPERATIVE COMPLICATIONS AFTER 
SIMPLE CLOSURE OF 161 PERFORATED 
DUODENAL ULCERS 


Complication No. pA 
Wound infection 8 5 
Minor chest infection 27 17 
Subphrenic abscess 5 3 
Major cardiovascular and pulmonary 10 6 } 9* 
problems 
Haematemesis or melaena 3 2 
Reperforation 3 2} 6T 
Gastric outflow obstruction 3 2 


* Five deaths; t 3 deaths. Total mortality, 5 per cent. 


Table II: POSTOPERATIVE COMPLICATIONS 

RELATED AND UNRELATED TO THE ULCER 
AFTER SIMPLE CLOSURE OF PERFORATED 
DUODENAL ULCER (161 PATIENTS) 


Complications Other 


of ulcer complications 
Number 9 15 
Age (yr) 63 3-13 47-27 
Sex 9M 4F 11M 
Length of history (mth) S4 -- 46* 38--61f 
Duration of perforation (h) 12-8 13--8 
Previously ‘unfit’ 3 4 


* No history in 1; t no history in 5. 


Table HI: FOLLOW-UP DATA FROM 132 PATIENTS 
AFTER SIMPLE CLOSURE OF PERFORATED 
DUODENAL ULCER 





No 76 
Further ulcer pain 63 48 
Haematemesis or melaena 8* 6 
Reperforation 4 3 
Pyloric stenosis 2 i 
Elective peptic ulcer surgery 43 33 
Emergency peptic ulcer surgery 9 7 
Death due to an ulcer complication 5 E 
Other deaths 5 4 





* Two patients both bleeding and reperforation. 


Table IV: COMPLICATIONS SEEN DURING POST- 
OPERATIVE AND FOLLOW-UP PERIODS IN 21 
OF 161 PATIENTS AFTER SIMPLE CLOSURE OF 
PERFORATED DUODENAL ULCER 


|: Male Female 

(n= 18) (n = 3) 
Age (yr) 64 - 11 801-5 

(35-77) (75-84) 
Length of ulcer history (mth) 724-90 60-3- 85 

(0-360) (0—120) 

Previously unfit 6 1 
Deaths 6 2 





complication. Eight of the 21 patients who suffered a 
complication died. Complications due to the ulcer 
arose at times ranging from the early postoperative 
period to many years later (Table V). When they 
occurred, there was a high fatality rate irrespective of 
whether operative or conservative management had 
been used. 

Four patients had suffered a previous perforation 
which had been sutured before their inclusion in the 
present study. Their fate is shown in Table VI. Three 
of these patients required a further procedure, 2 of 


Table V: COMPLICATIONS DUE TO THE ULCER 


Time post- 
Complication suture Treatment Outcome 
Haematemesis lOd Partial gastrectomy Well 
or melaena i2d TV+P Well 
40d TV+P Died 
42d TV+P Well 
7 mth TV--P Well 
12 mth Conservative Well 
24 mth Partial gastrectomy Well 
36 mth Conservative Died 
84 mth Partial gastrectomy Died 
Reperforation 5d TV+P Died 
6d TV+P Died 
19d | Conservative Well 
5 mth Suture Died 
13 mth TV--GE Weil 
Reperforation 2mth Partial gastrectomy Died 
and haema- 6 mth Conservative Died 
temesis or 
melaena 
Stenosis Sd  TV--GE Well 
id TV+GE Well 
21d TV+GE Well 
4 mth Partial gastrectomy Well 
60 mth HSV Well 


DIETS ee Te ae a ocn NR 
TV--P, Truncal vagotomy and pyloroplasty; TV--GE, 
truncal vagotomy and gastroenterostomy ; HSV, highly selective 
vagotomy. 


Table VI: DETAILS OF PATIENTS WHO 
SUFFERED A PREVIOUS PERFORATION 


Time since History of 
Age previous perf. dyspepsia 
(yr Sex (mth) (mth) Outcome 
45 M 180 180 Well (72 mth) 
67 M 120 (7) 360 Haematemesis 

(2 mth) 

42 M 60 | 60 Pain— PG (12 mth) 
84 F 24 120 Reperforation and 


melaena (6 mth) 
PG, Partial gastrectomy. 


which were carried out as emergencies. Two of these 
patients died. 


Discussion 

One of the drawbacks which frequently beset retro- 
spective studies is incompleteness of data. This study 
suffers particularly from incomplete follow-up of 
many of the patients. However, our findings and 
conclusions are based upon events which were known 
to have occurred, and incomplete follow-up, though 
it may conceal other events, cannot in any way 
lessen the problems which we have recorded. 

In some patients there is clearly a considerable risk 
associated with the combination of perforation of a 
peptic ulcer and laparotomy, and in this study 5 of 
161 patients were unable to survive it. A further 3 
patients, however, died during their stay in hospital, 
not as a direct result of this experience, but largely due 
to the development of an ulcer complication (2 
reperforations, 1 haematemesis). Clearly the addition 
of a definitive procedure to ‘cure’ the ulcer in such 
patients may have prevented this mortality, but it 
would expose the patient to the risks of a somewhat 
more lengthy operative procedure. One of the crucial 
questions is the magnitude of this extra risk, which 
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may be very small compared with that already 
imposed by the perforation itself and that of anaes- 
thetic induction, laparotomy and closure of the per- 
foration. Certainly the results obtained by Jordan, 
DeBakey and Duncan (1974) from extensive clinical 
experience of curative surgery for the majority of 
perforated ulcer patients, would tend to support this 
view. In any event, our data do suggest that a lower 
. operative mortality might result from the addition of 
a definitive procedure to closure of the perforation in 
those patients who are thought to be able to accept 
the extra operating time (30 min to 1 hour) without 
undue risk, and provided that the necessary surgical 
expertise is available. 

During the outpatient follow-up period 14 
potentially fatal complications of the ulcer were 
recorded, and these appeared to be the primary cause 
of 5 deaths. 

The only group we could identify that appeared to 
run a small risk of ulcer complications after simple 
closure of the ulcer were young or middle-aged 
women, and in this group Roscoe Graham's recom- 
mendations probably apply today. 

At the other extreme, men with a long ulcer history, 
or elderly and infirm patients of either sex, appeared 











Simple closure of perforated DU 701 —— 
to be at risk from a serious complication. Simple . - 
ulcer closure appeared to be strongly contraindicated — . 
in patients who had suffered a previous perforation... - 

In conclusion, we feel that there are serious - 
limitations to the use of simple suture in the treatment — 
of a perforated peptic ulcer in the majority of patients. - 
This procedure, probably because it fails to check the - 
ulcerogenic process, exposes the patient to the definite 
risk of a further serious ulcer complication. 
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Anterior highly selective vagotomy with posterior 
truncal vagotomy: a simple technique for denervating 


the parietal cell mass 
G..L. HILL AND M. C. J. BARKER* 


SUMMARY 

Anterior highly selective vagotomy with posterior 
truncal vagotomy was performed in a consecutive series 
of 20 patients with uncomplicated chronic duodenal 
ulcer. 

After identification of the vagal trunks the anterior 
leaf of the lesser omentum was separated from the 
lesser curve of the stomach, carefully preserving the 
anterior nerve of Latarjet. The distal extent of the 
dissection was from a point approximately 7-8 cm 
from the pylorus. After ensuring that all branches of the 
anterior nerve passing to the lesser curve had been 
severed, the trunk of the posterior nerve was divided and 
a segment removed. The lower 6-7 cm of oesophagus 
were cleared of nerve fibres. 

All the patients recovered well from the operation and 
none suffered from prolonged gastric stasis in the post- 
operative period. Fourteen patients are well and free of 
symptoms (follow-up 3—15 months). Four patients have 
a sense of epigastric fullness and one of these vomits 
occasionally. Three patients have been troubled 
periodically by diarrhoea and one has ulcer-type pain 
although no recurrence has been seen on endoscopy or 
on barium meal examination. 

One week after surgery the mean percentage reduc- 
tion was 73 per cent in hasal acid output and 65 per cent 
in peak acid output after stimulation with pentagastrin. 
Five of the patients had late positive insulin tests; 3 of 
these were the first 3 patients in the series. The other 
patients were insulin negative. In 10 patients the pattern 
of gastric emptying of a radionuclide-labelled meal 6 
months after surgery was compared with that of 23 
controls, The mean half-emptying time was similar in 
the two groups (71-7 + 10-1 min v. 71-3 + 3-8 min). 

It is concluded that this new and simpler operation is 
technically feasible and it may be worth a cautious trial 
in centres with a special interest in this type of surgery. 


THERE is increasing evidence that the results obtained 
after the operation of highly selective vagotomy for 
duodenal ulcer are closely related to the technical 
expertise of the operating surgeon (Lancet, 1976). In a 
heavily built male patient with a narrow costal angle 
the operation can be quite difficult and even the most 
experienced operator can be tested in such circum- 
stances, The procedure could be simplified if it were 
known that preservation of the posterior nerve of 
Latarjet was unnecessary. Both anatomical and physio- 
logical studies suggest that this might be so. The 
anatomical studies of Jackson (1949) suggest that in 
40 per cent of cases the posterior nerve of Latarjet 
does not reach the antrum, and recent work by Daniel 
and Sarna (1976) has shown that stimulation of the 
anterior nerve of Latarjet produces contractile 
activity on both sides of the stomach. 

For some time we have been seeking ways to make 
the operation of highly selective vagotomy technically 


more simple and for this reason we conducted a 
cautious trial of anterior highly selective vagotomy 
with a posterior truncal vagotomy on a small number 
of patients with chronic duodenal ulcers. 


Patients and methods 

The operation has been performed on a consecutive series of 
20 patients who presented for elective surgical treatment for 
duodenal ulcer. In each case the clinical diagnosis was confirmed 
by barium meal examination and endoscopy and at operation. 
There were 17 males and 3 females, with a mean age of 41-7 
years (range 19-62) and a mean weight of 68-5 kg (range 
45-93). The average length of history was 6-1 years (range 
1-20). Emergency cases and patients presenting with pyloric 
stenosis were excluded. 


Operative technique 

Exposure: The abdomen is explored through a supraumbilical 
midline incision and the presence of a duodenal ulcer is 
confirmed. The sternum-lifting device described by Goligher 
(1974) is inserted and the operating table is tilted 20° head up. 
A self-retaining wound retractor is inserted and the oesophago- 
gastric region exposed by elevation of the left lobe of the liver 
with a deep pelvic retractor of the Lloyd-Davies type. 
Identification of the vagal trunks: The oesophagus is identified 
by palpation of the nasogastric tube within its lumen and the 
overlving peritoneum is incised transversely in the region of 
the hiatus. With careful dissection a thin, white membrane 
(the phreno-oesophageal ligament) is identified lying on the 
oesophageal wall deep to the peritoneum (Fig. 1). If the scissors 
are thrust deep to the sharp lower edge of this membrane, a 
tissue plane is opened exposing the left lateral edge of the 
oesophagus and a finger can be inserted here and passed deeply 
around the oesophagus at the level of the hiatus. A thick 
rubber tube replaces the finger and the oesophagus is elevated 
and drawn caudally. The anterior vagus nerve can now be seen 
and felt lying on the oesophagus. It is elevated with an Adson 
nerve hook and a soft rubber sling is placed around it. The 
posterior vagus nerve is usually about 0-5-1 cm to the right 
and behind the oesophagus and not included in the tubing 
surrounding the oesophagus. It is identified with the exploring 
finger, elevated with an Adson nerve hook and a rubber sling is 
also placed around it. The rubber tube surrounding the oeso- 
phagus is now removed and the distal dissection commenced. 
Division of the branches of the anterior nerve of Latarjet to the 
lesser curve: Vessels from the descending branch of the left 
gastric artery enter the stomach in two leashes, anterior and 
posterior, and each leash is accompanied by the branches to 
the stomach of the corresponding nerve of Latarjet (Fig. 2). 
The area or 'tunnel' between the two leashes contains loose 
areolar tissue and only occasional branches from the nerves of 
Latarjet. Thus, beginning 7-8 cm from the pylorus just 
proximal to the 'toe' of the 'crow's foot', the tunnel is entered 
(Fig. 3) and the roof (or anterior wall) containing vessels and 
nerves is divided serially. The dissection passes to the left over 
the anterior wall of the stomach to the cesophagogastric angle 
until the entire proximal part of the anterior nerve of Latarjet 
is free from the stomach wall. There are usually two or three 
fine strands of nerve which tether the anterior nerve of Latarjet 
to the lesser curve by crossing the tunnel. These must be 
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Fig. 1. Identification of the vagal trunks. The phreno- 
oesophageal ligament is identified on the oesophageal wall 
and the tissue plane deep to this is opened to define the 
correct plane for identification of the anterior vagal trunk. 





Fig. 2. The ‘tunnel’ of dissection. Vessels from the descending 
branch of the left gastric artery enter the stomach in two 
leashes and each leash is accompanied by the branches of the 
corresponding nerve of Latarjet. The area between the two 
leashes is the tunnel of dissection. 


divided before the anterior nerve of Latarjet is quite free to be 
displaced far to the right (Fig. 4). 

The final phase of dissection: The oesophageal tube is again 
inserted and the oesophagus is elevated (Fig. 4). An upper 
crescentic edge to the posterior wall of the tunnel is thus 
created and the scissors are thrust through this and a couple of 
centimetres of tissue are clamped and divided, allowing the 
upper stomach to be fully mobilized and a search to be made 
for any remaining branches of the anterior nerve to the 
stomach. 

The oesophagus is next cleared circumferentially down to 
bare longitudinal muscle for a distance of 6-7 cm using an 
Adson nerve hook and any fibres which could possibly be vagal 
(Fig. 5) are identified and coagulated by diathermy. When the 
oesophagus has been thoroughly cleaned and it has been 
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Fig. 3. Division of the roof of the tunnel of dissection. 
Beginning just proximal to the ‘toe’ of the ‘crow’s foot’, the 
tunnel of dissection is entered and the roof is divided 
serially. The dissection passes to the left over the anterior 
wall of the stomach to the oesophagogastric angle. 





TN SX. 
Fig. 4. The upper crescentic edge of the posterior wall of the 
tunnel of dissection is divided. 


ascertained that the anterior nerve of Latarjet is intact and 
undamaged, the posterior trunk of the vagus nerve is elevated 
on its sling, a 1-cm segment is removed and the divided ends are 
tied with silk (Fig. 5). 

Before closing the abdomen a fine suction drain is placed 
in the region of the hiatus deep to the oesophagus. 
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Fig. 5. The oesophagus is cleared circumferentially down to 
bare muscle for a distance of 6-7 cm. Inset, If the anterior 
nerve of Latarjet is intact and undamaged a segment of the 
posterior trunk is removed. 
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Fig. 6. The distribution of half-emptying times in 23 
controls compared with those of 10 patients 6 months after 
the operation of anterior highly selective vagotomy and 
posterior truncal vagotomy. 


Postoperative care: Intravenous fluids and nasogastric suction 
are continued until the patient is able to tolerate fluids, which 
is usually on the second postoperative day. 

Gastric emptying: This was studied in 10 normal subjects (8 


males, 2 females, mean age 36:4 years, range 19-61), 13 patients 
who had a diagnosed duodenal ulcer but had not had surgery 
(10 males, 3 females, mean age 41:4 years, range 26-72) and in 
10 patients in the present series 6 months after anterior highly 
selective vagotomy and posterior truncal vagotomy (8 males, 
2 females, mean age 46-2 years, range 19-62). The studies were 
conducted at about 1200 h after an overnight fast. A standard 
meal of two scrambled eggs, two slices of lightly buttered 
toast and a cup of tea was given. Technetium (**Tc™)-labelled 
macro-aggregated albumin (approximately 200 uCi) was 
added to the eggs during cooking; previous tests had validated 
this material as à suitable marker for gastric emptying (Barker, 
1976). Upon completion of the meal the patient was placed 
supine under the gamma camera (Nuclear Enterprises Mark 
III) where the stomach activity was displayed in the centre of 
the field of view. The image data were collected on a computer 
(Digital PDP-11) for 2 min. The patient then walked around 
for a 10-min period after which the image data were collected 
for another 2-min period. This sequence was continued for 
about 2h to give 10-12 collected frames. The data were 
analysed by selecting the region of interest around the 
displayed stomach image on the computer. Counts within the 
area were produced for each stored frame, corrected for 
radioactive decay and plotted semilogarithmically to give a 
curve from which the half-emptying time (7) was calculated. 
Gastric secretion: Gastric secretory tests were performed before 
operation and were repeated 5-6 days after operation. The 
methods used were those of Johnston and Jepson (1967) and 
Johnston et al. (1973a, b). Gastric contents were aspirated by 
continuous suction for a basal period of 1 h and for 1 h after 
the intramuscular injection of pentagastrin (6 ug/kg before 
operation and 10 ug/kg after operation). The collecting flask 
was changed at 5-min intervals during the pentagastrin test. 
One millilitre aliquots of the filtered fluid were titrated with 
0:1 N NaOH to pH 7. Basal acid output (BAO) was the total 
amount of acid secreted during the basal hour and peak acid 
output (PAO) was the peak 20-min acid output after penta- 
gastrin multiplied by 3. Insulin tests were also performed as 
described by Johnston et al. (1973b) 5-6 days after surgery. 
Acid output was expressed as peak acid output after insulin 
PAO, (acid output in the two consecutive 15-min periods which 
gave the highest reading multiplied by 2, expressed as mEq/h). 
Results are expressed as peak acid output after insulin minus 
basal. The response was judged positive or negative by 
Hollander's criteria (1948). The Hollander positives were 
divided into early positive, positive in the first hour after insulin 
and late positive (Ross and Kay, 1964). 


Results 

Clinical 

All the patients had an uninterrupted postoperative 
course apart from one whose abdominal wound 
dehisced on the tenth postoperative day. Most patients 
were taking fluids on the second day and a light diet 
by the fourth or fifth day. There was no clinical 
evidence of early postoperative gastric stasis in any 
of the patients. The period of follow-up is too short to 
allow an adequate clinical assessment, although 14 of 
the patients are well, symptom-free and eating normal 
meals. Bowel habit is slightly looser in some of the 
patients but in most there has been no change. Three 
patients complain of episodic diarrhoea, and although 
this is mild in 2, the other, a man who had the opera- 
tion 3 months before the time of writing, has 
complained of four or five attacks of severe diarrhoea. 
Four patients have a sense of epigastric fullness, but 
this is mild except in one, a woman who had the 
operation 1 year ago and has complained of occasional 
vomiting, although this symptom ceased after the 
administration of Maxalon. One other patient, also 
operated on more than a year ago, has had a recurrence 
of ulcer-type pain, although no ulcer has been seen at 
endoscopy or barium meal examination. 
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Gastric emptying 

The mean half-emptying time (7,) was 75:5 + 5-7 min 
(mean + s.e. mean) for the normals and 68-2 + 4-7 min 
for the patients with duodenal ulcer who had not had 
an operation. The mean 7, for the 10 patients 6 months 
after anterior highly selective vagotomy and posterior 
truncal vagotomy was 71-7 € 10-1 min. There were no 
significant differences between the mean 7, values for 
any of the groups. 

In Fig. 6 the results from the 10 normal subjects and 
those from the 13 duodenal ulcer subjects have been 
pooled and compared with those obtained for the 10 
patients 6 months after surgery. The distribution of 
T , values is very similar in the two groups, indicating 
that there areno marked differences of gastric emptying 
of the type of meal we have used in this study between 
the patients with anterior highly selective vagotomy 
and posterior truncal vagotomy and the unoperated 
patients, 


Gastric secretion 

Basal acid output: Mean BAO was 64+ 1-2 mmol/h 
before surgery and 1-8 € 0-5 mmol/h 6 days afterwards 
(P«0-001). The mean reduction was 73 per cent. 
Peak acid output: Mean PAO before surgery was 
45-1 £ 440 mmol/h and 16:8 € 2:9 mmol/h afterwards 
(P « 0-001). The mean reduction was 65 per cent. 


Completeness of vagotomy 

There were 14 negative insulin tests and 5 positive, 2 
of which were early positive (1 patient, who was an 
epileptic, did not have an insulin test). Of the first 4 
patients who had this operation, 3 had positive insulin 
tests. The mean PAO, after surgery after subtraction 
of BAO was 0:8 + 0-4 mmol/h. In 11 patients there was 
no acid response to insulin. 


Discussion 
This new operation for duodenal ulcer must be 
regarded as sub judice for some time yet, but early 
results from this small series are moderately encourag- 
ing. There is no doubt that the operation can be done 
more quickly than standard highly selective vagotomy 
and it probably is technically easier to perform. 
Nevertheless, we must stress that meticulous attention 
to operative detail, as with all forms of vagotomy, is 
still necessary to achieve consistently good results. 
Gastric emptying does not seem to be impaired by 
this operation. Although we used a relatively crude 
method of assessing gastric emptying (only one 
component of the meal was radiolabelled and it was 
assumed that gastric emptying was monoexponential), 
no gross differences were apparent between the 
operated patients and unoperated patients or normal 
controls. The single patient who complained of 
frequent vomiting also had prolonged gastric emptying 
(T, 157 min), but it is difficult to know how much the 
operation contributed to her problems for she had had 
similar symptoms before surgery. The results are also 
consistent with recent work by Daniel and Sarna 
(1976), who demonstrated in dogs that electrical 
stimulation of the anterior nerve of Latarjet produced 
contractile activity on the anterior side of the stomach 
which was followed rapidly by activity on the posterior 
side. This indicates that the axons of the neurons 
from the front of the stomach cross over to the back, 
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at least in the dog, and our work suggests that this also 
occurs in the human subject. 

Although reductions in basal acid output and peak 
acid output both to pentagastrin and insulin are 
similar in magnitude to those obtained after truncal 
vagotomy and drainage and highly selective vagotomy 
(Jepson et al., 1973; Lyndon et al., 1975), 5 patients 
had positive insulin tests when assessed 5-6 days after 
surgery. Certainly 3 of these positive tests occurred 
very early in the series when experience with the 
technique was being obtained, but one positive insulin 
test occurred in the last patient in the series when the 
operative technique described above was followed 
almost exactly. This suggests to us that the procedure 
as described needs further development in order to 
denervate consistently the parietal cell mass and we 
are studying this problem further. 

It is not our intention to promote this new operation 
at this time. We are simply making an attempt to 
develop a more straightforward and technically 
simpler procedure than highly selective vagotomy. 
More thorough work needs to be done in units with a 
special interest in this type of work and which have the 
facilities to look closely at the results. In the mean time 
most surgeons should be content to know that if the 
posterior trunk of the vagus nerve is inadvertently cut 
during the operation of highly selective vagotomy, a 
drainage procedure is not necessary and possibly the 
patient will never know the difference. 
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The combination of proximal gastric vagotomy with 
a rotational posterior gastropexy for duodenal ulcer 
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SUMMARY 

Preoperative oesophageal reflux symptoms have been 
controlled and the emergence of such symptoms de 
novo prevented in duodenal ulcer patients by combining 
proximal gastric vagotomy with a rotational posterior 
gastropexy. Fifty-two patients having such operations 
are compared with 46 patients treated by proximal 
gastric vagotomy (PGV) alone. The two groups match 
for age, sex and weight but there were more grade 3 
refluxers in the group having rotational posterior 
gastropexy (28) than among those having proximal 
gastric vagotomy alone (5). 

Six out of 28 patients in the PGV group who did not 
have preoperative regurgitation symptoms developed 
acid brash postoperatively on a 1-64-year follow-up as 
against none of 17 patients in the other group. One year 
follow-up was complete in 94 cases and 57 had a 
3i-6i-vear follow-up. The 95 per cent confidence limits 
for cure of grade 3 reflux symptoms by the combined 
PGV and gastropexy operation were 447-887 for 
heartburn and 57-8-97-5 for regurgitation. Post- 
operative dvsphagia can be minimized by attention to a 
few details during performance of the simple gastropexy 
procedure. 

Á pentagastrin-glucose pH monitoring test has been 
devised for this study. When the mean duration of 
reflux episodes during the 1 h after pentagastrin and 
the 1h after 200 ml of 20 per cent glucose is plotted 
against the number of such episodes, the differences 
indicate that PGV impairs whilst PGV and gastropexy 
improves function at the gastro-oesophageal junction. 
Faber's peak acid output (PAO,) discriminant (Faber et 
al., 1975) was first used to define positive insulin tests 
in males. Such positive cases have been reported as 
having a 50 per cent chance of developing recurrent 
ulceration. We found that 9 out of 31 patients in the 
PGV group were positive at 1 year as against 2 out of 
28 patients having the combined operation (P « 0:05). 
We have now applied Maybury's criterion (Maybury 
et al., 1977) of PAO, adjusted for height to our results. 
Significant differences between the two operations 
were only evident after a curve derived from Maybury's 
data was increased by 50 per cent and then applied to 
our results. Nine out of 36 of the PGV group as against 
l out of 36 of the PGV and gastropexy group were 
positive by this test (P«0-01). Addition of such a 
procedure to PGV may reduce the ulcer recurrence rate 
after PGV alone. 


Patients and methods 

Between September 1971 and February 1977, 98 duodenal 
ulcer patients had either a proximal gastric vagotomy (46 cases) 
or a proximal gastric vagotomy combined with a rotational 
posterior gastropexy (32 cases). Randomization was not carried 
out because 28 patients with grade 3 oesophageal reflux symp- 
toms had a PGV and gastropexy while only 5 such cases had a 
PGV alone. Also the PGV series was started 5 months earlier 
than the PGV and gastropexy series. However, the two groups 
matched well in respect of age, sex, weight and symptoms. 


Despite non-randomization, we think the results of the two 
operations can be fairly compared. It might be argued that the 
first 10 or so operations constituted a ‘learning period’ during 
which vagotomy might be expected to be incomplete. In fact, 
on insulin testing at | year or more postoperatively, only 1 of 
the first 9 PGV patients (completed before the PGV and 
gastropexv series was started) was Faber positive (Faber et al., 
1975). This compares with 9 Faber positives out of a total of 
3l tests carried out in males after PGV. If the runs test for 
randomness is applied to the Faber positives they are found to 
be evenly scattered through the group of male PGV insulin 
tests. Similarly, the runs test shows an even scatter of Maybury 
positives (Maybury et al., 1977) through the whole group of 
insulin tests carried out after both PGV and PGV and gastro- 
pexy in both males and females. In this respect the series is not 
non-random. 

One of us (D. M. H.), who carried out most of the operations, 
was taught the technique of highly selective vagotomy (HSV) 
or proximal gastric vagotomy by Professor David Johnston 
before commencing this work. By this procedure the body, 
fundus, cardia and lower 4—5 cm of oesophagus are denervated, 
preserving the nerves of Latarjet to the antrum up to 6-7 cm 
from the pylorus. 

In PGV and rotational posterior gastropexy the raw areas 
that have been dissected in PGV are rotated away from each 
other by suturing the strong sling fibres of Willis at mid- 
anterior gastro-cesophageal junction level to the tough 
pre-aortic fascia. Two or three good sutures leave the oeso- 
phagus under slight tension with the fundus rolled up over its 
front. At this stage a no. 38-40 stomach tube should pass 
from the oesophagus into the stomach without let or hindrance. 
With the large tube in place the anterior fundoplication (which 
has formed automatically if the pre-aortic fascia sutures have 
been correctly inserted) is fixed in place by two to three 
more sutures between the anterior stomach wall and the 
oesophagus. The gastro-oesophageal fat pad must be excised 
asthe first stepafter completion of PGV in order to demonstrate 
the sling fibres of Willis. This procedure produces an intra- 
abdominal segment of oesophagus witha flap valve at the gastro- 
oesophageal junction. It also separates nerve twigs (cut during 
PGV) by traction and rotation at gastro-oesophageal level 
and rotation at lesser curve level (Wilson et al. (1974) have 
briefly described but not evaluated a similar anti-reflux operation 
without vagotomy for reflux oesophagitis). The cut edges of 
the lesser omentum are finally approximated to lessen adhesion 
formation (Tanner, 1975). 


The pentagastrin-glucose pH test 

A Beckman pH electrode (151860-03) was positioned 35 cm 
from the anterior nares in the fasting patients (or 5 cm above 
the gastro-oesophageal junction as calculated from previous 
endoscopic findings). Oesophageal pH was measured by a 
Radiometer 22 pH meter, the output being recorded con- 
tinuously with a multiscript recorder (Braun Electronic). The 
patient lav on his right side with the foot of the bed elevated 
20°. After a 15-min basal recording pentagastrin 0-6 ug/kg 
body weight was given intramuscularly and the pH monitoring 
continued for 1 h. The patient then drank 200 ml of 20 per cent 
glucose solution and recording was continued for a further 
hour. The number of reflux episodes below pH 4-5 was plotted 
on a graph against the mean duration of these episodes per 
patient, as advised by Bennett (Stanciu et al., 1977). 
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We first studied a test period of 1 h 15 min ín which penta- 
gastrin and glucose were given at the same time. We found that 
the test was more useful when the stimuli were separated, 
pentagastrin being given before glucose (Bose, 1978). Ten 
non-dyspeptic volunteers, 8 PGV and 12 PGV and gastropexy 
patients who gave informed consent had the pH test of 2h 
15 min carried out at least 6 months postoperatively; the 
Operated patients were matched for age, sex, weight and 
symptoms. 


Insulin test 

The test procedure was that of Baron and Williams (1973). 
The automatic gastric pump (United Analysts, East Boldon), 
which was designed and developed in our department (Old et 
al., 1969) was used in the ‘on blockage’ mode as a suction 
source, ensuring standard collection of gastric secretion. The 
secretion indices used were Faber's peak acid output (PAOj), 
discriminant for males only, of 8 mmol H*/h (Faber et al, 
1975) and Maybury's PAO; discriminant adjusted for height 
applied to both sexes (Maybury et al., 1977). Thirty-six PGV 
patients (including 5 females) and 36 PGV and gastropexy 
patients (including 8 females) had insulin tests carried out at 
least 1 year postoperatively. 


Statistical methods 

The Fisher's exact test, the Mann-Whitney U test and the runs 
test for randomness (Langley, 1970) were used to analyse the 
results. P values of less than 0-05 were considered significant. 


Results 
Clinical description 
Clinical details are shown in Table I. Our impression 
that those patients with reflux were heavier was wrong; 
the 33 preoperative grade 3 refluxers showed no age, 
sex or weight difference from the other 65 patients. 
We have, as yet, insufficient obiective data to counter 
or help confirm our impression that refluxers have 
deep, tight abdomens and that they differ from non- 
refluxers in certain psychological features. 
Complications (Table II) were few, apart from 
respiratory infections (generally minor) and dysphagia, 
both seen more frequently after PGV and gastropexy. 
Dysphagia was minor and transient apart from 1 case 
(the first PGV and gastropexy we performed), whose 
dysphagia settled after Negus oesophagoscopy and 
bouginage 1 month postoperatively. The incisional 
hernias (usually more of a divarication than a true 
hernia) might have been avoided by not using a mid- 
line incision when the recti were divaricated. 


Follow-up 

There were no operative deaths but there were 3 deaths 
unrelated to the operation (carcinoma of the bladder, 
head injury and myocardial infarction) and one case 
could not be traced (a PGV and gastropexy grade 3 
refluxer). We thus have a complete follow-up for 94 
patients since March 1977 (Table III) which includes 
57 patients followed for 34-64 years. One of us 
(F.X. L.) saw many patients without knowledge of 
the operation performed, but a fully blind follow-up 
was not possible, Seventy-eight patients have been 
seen or contacted by telephone within the past 6 
months (up to March 1978). 

Heartburn was defined according to Tuttle et al. 
(1961). ‘Regurgitation’ and ‘acid brash’ refer to 
regurgitation of bitter, sour or acid fluid into the 
mouth so that an effort has to be made either to spit 
the fluid out or to swallow it again. Symptoms were 
graded using the York classification (Hall et al., 1976). 
The frequency and duration of pain, pain which wakes 
the patient at night and symptoms related to posture 
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Table I: CLINICAL DETAILS OF 98 CASES OF 
DUODENAL ULCER (76 MALES AND 22 FEMALES) 


No. of cases 
Age at operation (yr) 
<30 


12 
30-59 68 
60-4- 18 
Weight (kg) 
« 65 33 
6574-9 37 
75—-94-9 22 
95-4- 3* 
Duration of symptoms (yr) 
«i 3 
1-5 24 
6-10 30 
10 4l 
Associated conditions 
Gastric ulcer 7t 
Gallstones 9 
Duodenal stenosis 17 
Hiatus hernia on barium meal 10 
* Not recorded 3. 
t Healed 6; active 1. 
Table H: COMPLICATIONS 
PGV (46) PGVG (52) 


Chest complications 
Splenectomy required No 
Subhepatic abscess Q 1 
1 
4 
6 


7 (3 major)* 14 (1 major)* 
No 


Wound infection 0 
incisional hernia 
Transient dysphagia 


2 

il 

* Major chest complications, consolidation, collapse or 
pleural effusion on X-ray. 

PGV, Proximal gastric vagotomy; PGVG, proximal gastric 
vagotomy and rotational posterior gastropexy. 


Table HI: DURATION OF FOLLOW-UP (94 CASES) 


PGV (45) PGVG (49) 
1-2 yr 7 12 
2-6 yr 29 37 
6-64 yr 9 0 


PGV, Proximal gastric vagotomy; PGVG, proximal gastric 
vagotomy and rotational posterior gastropexy. 


Table IV: POSTOPERATIVE SYMPTOMS 1-63 YEARS 
AFTER OPERATION IN 94 PATIENTS 


PGV (45) PGVG (49) 
Epigastric fullness 16 13 
Early dumping (very mild) i 2 
Food vomiting 3 6 
Bile vomiting 3 2 
Diarrhoea I 1 


PGV, Proximal gastric vagotomy; PGVG, proximal gastric 
vagotomy and rotational posterior gastropexy. 


Table V: EFFECT OF PGV AND GASTROPEXY ON 
GRADE 3 REFLUX SYMPTOMS 


07 
fe 
Preop. Postop.  ?4 Postop. Cured or 
Symptoms grade 3 cured cured improved improved 
Heartburn 22 15 68-2 6 95:4 
Regurgitation 18 15 83-3 2 94-4 
(acid brash) 


Data for 28 cases on 1—-5i-vear follow-up. 
Confidence limits (9527) of cure: heartburn 44-7—88:7; acid 
brash 57-8-97:-5. 
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help to reduce observer error in grading (De Dombal 
and Horrocks, 1975). There was no significant differ- 
ence between the two groups regarding postoperative 
symptoms (Table IV) apart from the incidence of de 
novo acid brash (PGV group 6 of 28, PGV and 
gastropexy group O of 17) and the amelioration in 
PGV and gastropexy cases of heartburn and acid 
brash in grade 3 refluxers (Table V). Twenty-eight of 
33 patients with grade 3 heartburn or grade 3 acid 
brash were in the PGV and gastropexy group. A 
detailed analysis of the 6 unsatisfactory cases is given 
in Table VI. 


The pentagastrin-glucose pH monitoring test 

This test of 2h 15 min is helpful in distinguishing 
controls from PGV patients and PGV patients from 
those having had PGV and gastropexy, as shown in 
Figs. 1 and 2. We drew our barrier line arbitrarily to 
follow an exponential line which keeps all controls to 
the left of it because the 42 controls in a 15-h test 
reported by Stanciu et al. (1977) are all shown lying 
to the left of such a line. 

In contrast to Øster et al. (1977), we found a 
difference between PGV patients and controls (Fig. 1). 
The tests are, however, not similar and our studies are 
not complete; in particular, we need more controls to 
define our barrier line. There is also a difference 
between PGV and PGV and gastropexy patients (Fig. 
2). Furthermore, the latter lie well to the left of the 
graph. The reflux episodes are short, even in the 2 
patients with more than ten dips, indicating a more 
rapid oesophageal clearance of acid after PGV and 
gastropexy. 


Insulin tests 

The results of the insulin tests are shown in Fig. 3. 
There is a significant difference between the two 
operations when Faber's original criterion (Faber et 
al., 1975) for males only was used to define positives 
with a 50 per cent chance of recurrent ulceration. 
One of us (J. M. O.) drew a critical line on a graph 
from the equation given in Maybury's paper (Maybury 
et al., 1977). The vertical axis was used for height and 
the horizontal axis for PAO;. Any point falling to the 
right of this line denotes a positive insulin test. * This 
graph also demonstrates that the highest acid outputs 
occur after PGV. These patients have presumably a 
greater risk of recurrence. With Maybury's criterion 
differences between the two operations are only shown 
when our line is shifted 50 per cent to the right. 


Discussion 

Regurgitation is an imprecise term, and if care is not 
taken it may be misused to cover acid brash, bile 
vomiting and food vomiting. The distinction between 
the three is important. Tanner (1976) found that most 
failures of Roux-en-Y conversion were in patients with 
regurgitation misclassified as bile vomiters. Definition 
of the severity and true nature of reflux symptoms 
lessens the likelihood of operating on a patient with a 
quiescent duodenal ulcer whose symptoms could be 
controlled by conservative measures. Many patients 
with refluxing duodenal ulcers referred to us do not 
need surgery. 

We have found acid brash easier to assess than 
heartburn. De novo occurrence of acid brash seems 
more likely after PGV: of 28 PGV patients who did 
not have preoperative regurgitation, 6 subsequently 
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Fig. 3. PAO, in cases which were positive for Faber's and 
Maybury's criteria. Faber's criterion: 2 out of 28 PGV and 
gastropexy patients positive, 9 out of 31 PGV patients 
positive (P<0-05). Maybury's criterion +50 per cent; 1 out 
of 36 PGV and gastropexy patients positive, 9 out of 36 
PGV patients positive (P — 0-01). 


developed symptoms as against none of 17 PGV and 
gastropexy patients, The general opinion that this 
operation does not interfere with gastro-oesophageal 
function is surprising. Recent work suggests that 
truncal vagotomy impairs the sphincter response to 
abdominal compression (Angorn et al. 1977). The 
subject is, however, controversial. To complicate 
matters further, vagal function may be impaired in 


hiatus hernia (Atkinson, 1978). We think that 


refluxing duodenal ulcer patients may secrete less acid 
than non-refluxers. We are working on this problem 
as we consider that refluxing duodenal ulcer patients 


have a low recurrence rate after surgery. None of our 


three proved or suspected recurrent ulcer patients 
were grade 3 refluxers preoperatively. 


We have studied a group of duodenal ulcer patients, 


referred to one general surgeon, in which secondary 
reflux symptoms were commonly present if looked for. 
Other surgeons have reported frequent oesophageal 
reflux symptoms in duodenal ulcer—Earlam, 1976 
(60 per cent); Oster et al., 1977 (45 per cent). We are 


not concerned here with primarily oesophageal reflux; 


these subjects are usually referred to special centres 
(e.g. cardiothoracic units) for repair of their hiatal 
hernias and duodenal ulcers in such patients are of 
secondary importance and infrequent (Collis, 1970). 


Referral patterns of general practitioners contribute 


to these differences and a study of oesophageal reflux 


in general practice will help to explain them. 
We have seen no ‘bloat symptoms’ and dysphagia 
has been only a transitory problem which is more 


common in females (9 of our 17 patients were female). 
This disproportional sex incidence of postoperative 
dysphagia is significant (P<0-0025). Overcorrection 


of the situation at operation is more easily avoided 


during PGV and gastropexy than when a full Nissen's 


fundoplication is combined with PGV, in our small 


experience of the latter operation. Reflux is often 


accentuated by delayed gastric emptying (Franklin, 
1977); 15 of our 17 cases of duodenal stenosis had 





* The calculations involved can be obtained from Dr J. M. Old, 
Department of Surgery, General Hospital, Tyne and Wear. 
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reflux symptoms. Reflux symptoms were cured or 
improved by dilatation or duodenoplasty combined 
with PGV (7 cases) or PGV and gastropexy (including 
6 of the 7 grade 3 refluxers). Restenosis did not occur 
(1-63 year follow-up). PGV is a good operation for 
duodenal stenosis (Kennedy, 1976; McMahon et al., 
1976; Delaney, 1978). 

Cholecystectomy increases the incidence of diar- 
rhoea after truncal vagotomy (Taylor et al., 1977). 
Diarrhoea (possibly due to an irritable bowel 
syndrome) occurred in only 1 of our 9 cases, starting 
3 years postoperatively. 

The difficulty with pH tests has been the frequency 
of cases in which the test was positive but the 
symptoms were negative (Cohen, 1976), Bennett's 
barrier line (Stanciu et al., 1977) helps us to solve this 
problem. There may be a place for combining our 
sensitive but short pH test with Bennett's relatively 
insensitive. 15-h overnight test or De Meester and 
Johnson's (1975) 24-h test (Old, 1978). 

The best explanation of our insulin test results is 
that the gastropexy procedure reduces the chance of 
reinnervation between cut nerve twigs (Sankar et al., 
1975, 1976). It may also protect against perforated 
necrosis (Halvorsen et al., 1975) due to buttressing of 
the denuded lesser curve against the posterior 
abdominal wall. 

Six of our cases have an unsatisfactory outcome 
(Table VI). Two are food vomiters, one of whom 
still vomits after every meal following his third opera- 
tion, a pyloroplasty. Excessive antral denervation is 
one possible cause; another is gastritis, which is 
known to increase in extent after truncal vagotomy 
and after PGV (Meikle et al., 1976). One case has a 
reflux oesophagitis problem which could have been 
avoided if a gastropexy had been added to his PGV. 
Three have proved or suspected recurrent ulcers, 
which could have been avoided if the vagotomy had 
been complete. PGV and PGV and gastropexy are 
well within the competence of a general surgeon if 
attention is paid to technique and adequate exposure 
is available. Sternal retraction helps (McAdam, 1975) 
but occasionally splitting of the sternum into the left 
fourth interspace is necessary. We carried this out 
frequently early in the series without morbidity. A 
better training programme for consultants and 
registrars learning how to do the operation is necessary. 
Two of our 3 patients with recurrence had been 
operated on by registrars. The main cause of recur- 
rence after vagotomy is not reinnervation but sprouting 
from undivided nerve twigs after PGV or PGV and 
gastropexy or sprouting from undivided nerve trunks 
after truncal vagotomy (Murray, 1969). 

There may be a place for the addition of PGV toa 
Nissen's plication in hiatal hernia repair (Bahadorzadeh 
and Jordan, 1975) although there is little doubt from 
a review of the literature (Mustard, 1971) that the 
addition of truncal vagotomy and drainage makes 
the result worse. Our results suggest that the addition 
of a rotational posterior gastropexy to PGV is a 
successful operation for refluxing duodenal ulcer. The 
place of PGV and gastropexy in non-refluxing 
duodenal ulcer patients should be determined by a 
controlled trial. 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 


Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly." 

1. Journal of Antimicrobial 
Chemotherapy (1975) 1, (Suppl.) 71 

2. Lancet (1975) 4, 1251 








cephaloridine 


Glaxo 


Full prescribing information on Ceporin (trade mark) is available from: Glaxo Laboratories Ltd, Greenford, Middlesex UB6 OHE 
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Most of these infections 

are caused by anaerobes 
dn both the colon and the female genital 
“tract, the importance of non-sporing 
obligate anaerobes — commonly 
occurring organisms of the normal 
bacterial flora — as the major pathogens 
in post-surgical infection is now 
increasingly recognized, '~® 





‘Flagyl’ is specifically, 
intensely bactericidal to 
anaerobes... 

“The only available antimicrobial with 
selective activity against obligate 
anaerobes,2:5.9 'Flagyl' is consistently 
bactericidal to these organisms — at 
readily obtained serum, tissue and 
body fluid concentrations.!.7.19 


...and thus 
uncompromisingly, 
spectacularly effective 
against most of the 
infections 


“In all our infected patients the clinical 
and microbiological response to 
metronidazole was dramatic. Within 


12-24 hours the temperature and pulse- 


rate had usually returned to normal, the 
patient looked and felt better... There 
was a strikingly rapid disappearance of 
anaerobic bacteria from pathological 
discharges, which ceased to be 
purulent and offensive and quickly 
subsided.'"'? 


‘Flagyl’ doesn't have the 
drawbacks of previous 
treatments 

‘Flagyl’ is favourably distinguished 
from previously preferred antimicrobial 
treatments by reliable anaerobicidal 
activity,!! low toxicity? anda 
specificity of action incapable of 
inducing resistance in aerobic 
pathogens.2?.4.5.12 


‘Flagyl’ injection: especially 
for the seriously ill 
— a conveniently given, rapidly 
effective new dosage form for 
anaerobic sepsis following major 
surgery,’ quickly achieving, and 
.Satisfactorily maintaining, high blood 
| levels.?.13 
| ^... safe, easy to administer, and well 
: tolerated by patients...” 


@ bacteriologically compatible in 
the body with other 
antimicrobials'? 


9 now in oral, rectal and i.v. 
presentations 


@ 17 years’ well tolerated use in 
other indications 


‘Flagyl * injection prescribing information 
N.B. Metronidazole is inactive against aerobic and 
facultatively anaerobic bacteria. 


Presentation 

injection (for intravenous infusion) 0.5 per cent 
wiv in 100 mi bottles (500 mg metronidazole per 
100 mb. 


Uses 

1) Treatment of infections in which anaerobic 
bacteria have been identified or are suspected as 
pathogens, particularly Bacteroides fragilis and 
other species of bacteroides and including other 
species fot which metronidazole is bactericidal, 
such as fusobactetia, eubacteria, clostridia 

and anaerobic cocci. 

“Flagyl has been used successfully in: septicaemia, 
bactersemia, brain abscess, necrotising pneumonia, 
osteomyelitis, puerperal sepsis, pelvic abscess, 
pelvic cellulitis, peritonitis and post-operative 
wound infection, from which one or more of these 
anaerobes have been isolated, 

25 Prevention of post-operative infections due to 
anaerobic bacteria, particularly species of 
Dacteroides and anaetobic streptococci. 


Dosage and administration 

in patients with severe anaerobic infection for whom 

oral medication is not possible or is contta- 

indicated ; it is particularly useful in emergencies 

and is indicated in patients needing surgery who: 

~ have or are believed to have anaerobic sepsis 
such às septicaemia, peritonitis, subphrenic or 
pelvic abscesses. 

— at operation show signs of established or 
impending anaerobic sepsis, 

— undergo operations in which contamination 
occurs with anaerobes from the gastro-intestinal 
of female genital tracts or the oropharynx. 

in infants and other patients maintained on 

intravenous fluids, 'Flagyl' injection may be 

diluted with appropriate volumes of normal saline, 

dextrose-saline, dextrose 5 per cent w/v or 

potassium chloride injections (20 mmol and 

40 mmol). . 

1. Treatment: 

Adults and children over 12 years: 100 mi by 

intravenous infusion eight-hourly. The injection 

should be infused intravenously at the rate of 5 ml 

per minute but may be administered alone or. 

concurrently (but separately) with other 
bacteriotogically appropriate anti-bacterial agents in 

parenteral dosage forms. Oral medication with 400 

mg three times daily should be substituted as soon 

as this becomes feasible. Treatment for seven days 

Should be satisfactory for most patients but, 

depending upon clinical and bacteriological 

assessments, the physician might decide to 
prolong treatment e.g. for the eradication of 
infection from sites which cannot be drained ot are 

Hable to endogenous re-contamination by 

anaerobic pathogens from the gut, oropharynx or 

genital tract. 

Children under 12 years: As for adults but the single 

intravenous dose is based on 1.5 ml (7.5 mg 

metronidazole) per kg bodyweight and the oral 
dose on 7.5 mg pet kg bodyweight, 

2. Prevention: 

Adults and children over 12 years: 100 mi by 

intravenous infusion immediately before, during or 

after operation, followed by the same dose eight- 
hourly until oral medication (200 to 400 mg three 
times daily) can be given to complete a seven-day 
course. 

Children under 12 years: As for adults but the single 

intravenous dose is based on 1.5 m! (7.5 mg 

metronidazole) per kg bodyweight and the oral 
dose on 3.7 to 7.5 mg per kg bodyweight. 

Contra-indications, warnings, etc. 

There are no absolute contra-indications for the 

use of Flagyl injection for anaerobic antibacterial 

therapy. 

Precautions : 

The recommended dosages, frequencies of 

administration and durations of medication have 

been found effective and well tolerated in nearly all 
cases. However, regular clinical and biological 

Surveillance are advised if administration of ‘Flagyl!’ 

fot more than 10 days is considered to be necessary. 

Clinicians who contempíate continuous therapy, for 

the relief of chronic conditions, for periods longer 

than those recommended ate advised to consider 
the possible therapeutic benefit against the risk of 
penpheral neuropathy. 





Such evidence as is available suggests that patients 
with various degrees of renal impairment handle 
metronidazole like patients with normal renal 
function. Daily dosage may, however, be halved for 
patients with renal failure, if the clinician so wishes, 
as such dosage has been found effective. 

Patients should be advised not to take alcoholic 
drinks during metronidazole therapy. 

Metronidazole enhances the activity of warfarin and 
H ‘Flagyl’ is to be given to patients receiving this 

ot other oral anticoagulants the dosage of the latter 
should be recalibrated. 

Pregnant women tolerate metronidazole well and 
no adverse effect on their offspring has been 
reported. As with all medicines ‘Flagyl’ should not 
be given during pregnancy or during lactation 
unless the physician considers it essential, 


Side effects and adverse reactions: 

No serious adverse reactions have been encountered 
with the recommended regimes. There have been 
occasional reports of an unpleasant taste in the 
mouth, furred tongue, nausea, vomiting (very 
rarely) and gastro-intestinal disturbance. 
Drowsiness, dizziness, headache, ataxia, skin 
rashes, pruritus, inco-ordination of movement and 
darkening af the urine (due to a metronidazole 
metabolite) have been reported but very rarely. 
During intensive and/or prolonged metronidazole 
therapy, a few instances of peripheral neuropathy 
have been reported but in most cases the reaction 
disappeared after treatment was stopped or when 
dosage was reduced. A moderate leucopenia has 
been reported in some patients but the white cell 
count has always retumed to normal before or after 
treatment has been completed. Transient 
epileptiform seizures have been reported in a few 
patiants undergoing intensive, high-dosage 
metronidazole tadiosensitisation therapy. 


Pharmaceutical precautions 
THIS PRODUCT SHOULD SE PROTECTED 
FROM LIGHT. 


Further information 

Treatment of overdosage : 

There is no specific treatment for gross overdosage of 
‘Flagyl’. Uneventful recovery has followed attempts 
at suicide with quantities of 30 and 60 x 200 mg 
tablets. Other established indications for ‘Flagyl 
include urogenital trichomoniasis giardiasis, ali 
forms of amoebiasis, acute uicerative gingivitis and 
acute dental infections. 'Flagy! is also available as 
tablets and, in some territories, as suppositories. 
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Immediate resection in the treatment of 


large bowel emergencies 


DAVID VALERIO AND PETER F. JONES* 


SUMMARY 

In a consecutive series of 122 patients who required an 
emergency operation for disease or injury of the colon 
or rectum, 80 (65 per cent) had an immediate resection 
of the diseased segment of bowel, with an operative 
mortality of 15 per cent. The free use of immediate 
resection is of benefit to patients, but good results 
depend on the experience of the surgeon and the use of 
a number of special techniques. 


THE surgery of colonic and rectal emergencies changed 
very little over the first half of this century, with the 
emphasis on proximal colostomy only, at the first 
operation. Then increasing use of total colectomy for 
perforation or megacolon complicating severe ulcera- 
tive colitis widened the scope of emergency colonic 
surgery, and more frequent use of right hemicolectomy 
with primary anastomosis for neoplastic obstruction 
of the right colon showed that immediate resection 
was both possible and useful. Advances in anaesthesia, 
methods of resuscitation and antibiotic therapy during 
the period 1945-55 were essential precursors of this 
change, and soon some surgeons (Baronofsky, 1950; 
Ryan, 1958) were describing the advantages of im- 
mediate resection for colonic emergencies. It was, for 
instance, widely recognized that serious delays could 
occur between emergency colostomy and second stage 
excision of the carcinoma, that perforated and 
diverticular disease carried a high mortality (31 per 
cent) when treated by proximal colostomy and drain- 
age only (Dawson et al, 1965) and that elderly 
patients found the three stage procedure of emergency 
colostomy, resection and final colostomy closure a 
trying and time-consuming regime. 

However, many surgeons who had experience of 
battle injuries of the colon had come to hold strong 
views on the virtues of protective colostomy, and had 
understandable doubts about the consistent safety of 
anastomosing distended and unprepared colon. As a 
result, many of these surgeons worked out their own 
adaptations of the principle of immediate resection, 
and this paper records the experience of one surgical 
unit in this field. 


Patients and methods 

The unit at Woodend Hospital receives, on 1 day in every 4, all 
surgical emergencies requiring hospital admission arising in a 
population of about 400 000. Since 1970 emergency colonic 
resection has been employed, and this paper records all large 
bowel emergencies operated on in the unit in the 5 vears 
1973—7. The basic policy has been to carry out an immediate 
resection of the lesion causing the emergency whenever this 
appeared to be both appropriate and feasible. All deaths 
occurring within 2 months have been regarded as operative 
deaths. Although all the surviving patients have been followed 
up, no attempt has been made here to study the long term 
survival. 

Altogether, 122 patients, all over the age of 13 years, were 
admitted and operated upon as emergencies during the study 
period. Table I shows the diagnostic categories and the 
operative mortality. 


Table I: DIAGNOSTIC CATEGORIES FOR 122 
COLONIC OR RECTAL EMERGENCIES 


Diverticular 


Carcinoma disease Colitis Miscellaneous 
59 patients 27 patients 12 patients 24 patients 
(48%) (22%) (10%) (20%) 
Obstructed 50 Perforated 20 Crohn's 7 

(deaths 8) (deaths 4) 

Perforated 9 Bleeding 3  Proctocolitis 5 
(death 1) (deaths 2) Perforated 4 
Obstructed | Mepgacolon 4 

colon 
Obstructed 3 Fulminant 4 

small 

bowel 


13 Immediate 
resections 
2 Deaths 


12 Immediate 
resections 
2 Deaths 


18 Immediate 
resections 
5 Deaths 


37 Immediate 
resections 
3 Deaths 


Table H: SITE AND IMMEDIATE TREATMENT OF 
CARCINOMA WITH OBSTRUCTION OR 
PERFORATION 


Site: Caecum and ascending colon 22 
Transverse colon and splenic flexure 15 
Descending colon 6 
Sigmoid colon 11 
Rectum 5 


Total 59 
No. of 
Immediate treatment deaths 
Right hemicolectomy 17 i 
‘Extended’ right hemicolectomy 5 l 
Resection of distal colon, anastomosis, 8 Í 
no colostomy 
Resection of distal colon, anastomosis, 5 
proximal colostomy 
Colostomy only 16 
(8 had resection later) 
Total colectomy and ileostomy i 
Paul-Mikulicz resection i 
Short circuit 6 


C c 


Colorectal carcinoma (Table II) 
This group was much the largest, amounting to 48 per 
cent of all the patients. Intestinal obstruction was the 
commonest presentation (50/59), and it is interesting 
that, contrary to current teaching, most of these ob- 
structions occurred in the right colon. This group was 
most often treated by emptying the contents of the 
distended small intestine back into the stomach by 
gentle stripping (Jones and Matheson, 1968), im- 
mediate right hemicolectomy and end-to-end anasto- 
mosis of ileum to colon, using interrupted inverting 
mattress sutures of 2/0 silk or Nuralon. In 6 patients 
the tumour was irremovable so only a side-to-side 
ileocolic anastomosis could be done. 

When the obstructing neoplasm lay in the trans- 
verse colon an ‘extended’ right hemicolectomy was 
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often done (Fig. 1). In this operation as much trans- 
verse colon, including splenic flexure, is removed as is 
necessary to achieve radical resection of the neoplasm; 
the cut end of ileum is then anastomosed end-to-end 
to unobstructed colon. This procedure can be greatly 
facilitated by decompressing the proximal colon first, 
and the following method has frequently been found 
to be effective (Fig. 2). A purse string suture is in- 
serted in ileum immediately proximal to the ileocaecal 
valve. A 28F or 30F gauge Foley catheter is 
passed into an incision within the suture, through the 
ileocaecal valve and into the caecum. The catheter 
should already be connected up to a large Y-con- 
nection, one arm of which is attached to a sucker and 
the other to a length of tubing. As soon as the catheter 
tip passes the ileocaecal valve and the balloon is in- 
flated, the tubing is pinched, and then gas and liquid 
faeces will begin to pass along the catheter. This is a 
remarkably clean and effective way of decompressing 
obstructed colon. It is essential to use the biggest size 
of Foley catheter, and even this size occasionally 
blocks with faecal matter, but clears if the short length 
of tubing is opened and shut intermittently. 

Neoplastic obstruction situated beyond the splenic 
flexure was treated in one of several ways. Most often 
the procedure followed was a Foley catheter decom- 
pression, immediate radical resection, end-to-end 
anastomosis and the establishment of a protective 
transverse colostomy. This method was chosen 
because, having performed an immediate resection, 
there is no need to hurry the second stage operation, 
and the end-to-end anastomosis is reasonably safe 
provided it is performed on decompressed colon. 
However, often the anastomosis was protected by a 
proximal transverse colostomy; closure of this stoma 
was a relatively minor procedure. Sometimes, when 
obstruction was severe and the patient was in poor 
condition, Brooke’s (1955) suggestion of forming the 
colostomy immediately proximal to the carcinoma 
was used; at an early second stage operation the 
colostomy was excised in continuity with the carcinoma 
and an end-to-end anastomosis made in prepared 
bowel. This two stage operation has been used on five 
occasions, each time without operative difficulty and 
with an uneventful convalescence. 

Rectal carcinoma rarely caused intestinal ob- 
struction (5 patients). When the carcinoma was low 
and required abdominoperineal excision it was 
thought wiser to perform an emergency left iliac 
colostomy and carry out a planned excision later (3 
patients). An obstructing carcinoma at or near the 
rectosigmoid was treated by an immediate resection 
and anastomosis with a protective transverse colostomy 
(2 patients). 

Scrutiny of the 8 deaths among these 50 patients 
showed that 7 had either metastatic disease or 
irremovable tumour. 

Perforation of a carcinoma is a strong indication for 
immediate resection and this has been the method of 
treatment in the 9 patients with this complication. One 
patient aged 31 years had a perforated carcinoma 
arising in chronic ulcerative colitis and she underwent 
an emergency total colectomy. Very thorough lavage 
of the peritoneal cavity with tetracycline solution 
(1 g/l) was carried out in each case, partly as an anti- 
bacterial measure and partly in the hope that carcinoma 
cells might also be washed out. The only death 
occurred in a woman of 84 with faecal peritonitis. 
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Fig. 1. ‘Extended’ right hemicolectomy. The shaded 
area shows the extent of the resection. 





SUCKER 


Fig. 2. Decompression of the obstructed colon using 
a 28 F or 30 F gauge Foley catheter. The two 
opposed arrows indicate the site at which the short 
length of tubing can be pinched to produce suction. 


Comment 

Altogether 37 of the 59 patients had an immediate 
resection, with 3 deaths. Twenty-two had a standard 
or an extended right hemicolectomy with a primary 
anastomosis; the 2 deaths in this group occurred in a 
man with two obstructed carcinoids of the ileum and 
ileocaecal valve with liver metastases, and in an 84- 
year-old woman with faecal peritonitis. Of the 13 
patients who had a resection of distal colon with 
anastomosis, it was considered safe to dispense with a 
protective colostomy in 8; the 1 death in this group 
was in a man of 86 with renal failure. There were no 
anastomotic leaks in any of the 36 patients (1 patient 
had a Paul-Mikulicz resection). 


Diverticular disease 
The commonest acute complication of diverticular 
disease—-perforation with spreading peritonitis—is one 
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Fig. 3. Diagram to illustrate the use of the 30 x 2-cm 
sigmoidoscope to inspect the whole of the lumen 

of the colon. In this illustration a solitary bleeding 
diverticulum has been visualized. 


| BISHOP— KOOP 





Fig. 4. Bishop-Koop type of anastomosis adapted to 
emergency colonic resection. The cut end of the 
small bowel is anastomosed to the side of the 

colon a short distance from its proximal end, which 
is exteriorized as a mucous colostomy. 


which presents considerable problems. The patients 
are usually elderly and often seriously ill. On the other 
hand, the lesion (which is usually in the sigmoid colon) 
is readily removable and the results of proximal 
colostomy with simple drainage are not good. A 
primary anastomosis in the presence of peritonitis is 
generally inadvisable, so Hartmann's method of sig- 
moid resection has been the operation most often used. 

Of the 20 cases of diverticular perforation in this 
series, 12 had a Hartmann's resection of whom 9 
recovered, 4 of these having had a faecal peritonitis. 
Of the 3 deaths, 1 was from pulmonary embolism and 
2 from advanced faecal peritonitis at the time of 
operation. Seven of the 9 survivors had a later opera- 
tion to perform a restorative colorectal anastomosis. 
Some of these operations were made difficult by 
multiple adhesions. There was no need to undertake 
this operation until several months after the original 
operation, and all 7 have made good progress since 
the second operation. The other procedures used are 
shown in Table HI. 


Table IH: SITE AND IMMEDIATE TREATMENT OF 
COMPLICATIONS OF DIVERTICULAR DISEASE 


Site: Caecum 1 
Transverse colon 2 
Sigmoid colon 22 
Diverticulosis with bleeding 2 
Total 27 
No. of 
Immediate treatment deaths 
Transverse colostomy and drainage only 3 J 
Hartmann’s resection 12 3 
Resection and anastomosis 5 2 
Transverse colostomy, resection later 4 0 
Paul-Mikulicz resection 1 1 
Local excision of diverticulum 2 0 


Compared with these moderately satisfactory re- 
sults, diverticular disease which produces continued 
severe rectal bleeding presents many problems, and 
the bad results reflect the severity of the bleeding, the 
advanced age of many of the patients and the difficulty 
of knowing which part of the colon to resect. These 
difficulties have recently been fully reviewed by Jones 
and Ewen (1978). The 2 patients who died after 
resection and anastomosis (Table III) were both in this 
category and aged 79 and 82 years respectively. When 
faced with the necessity of operating on one of these 
patients an intraoperative inspection of the colon was 
carried out through a sterile 2-cm sigmoidoscope (Fig. 
3). The splenic flexure was mobilized, a small incision 
made in it and the lubricated sigmoidoscope, with 
obturator in situ, guided down to the caecum. The lens 
was then applied and the lumen closely observed 
during withdrawal. Using the same procedure, the 
sigmoidoscope was passed to the lower sigmoid and the 
bowel lumen again observed during slow withdrawal. 
In this way an area containing fresh blood could be 
found and localized. This manoeuvre proved of special 
value in an 82-year-old patient with continuing fresh 
rectal bleeding. There was no visible lesion in the 
colon on outward inspection, but a sigmoidoscopic 
examination showed that fresh blood lay only in the 
sigmoid loop; when the adherent loop was mobilized 
a large solitary diverticulum was found which con- 
tained clotted blood. 

Some patients with acute sigmoid diverticulitis 
present with small bowel obstruction due to a loop 
becoming adherent to the inflamed colon. To prevent 
recurrence in the 3 patients who presented in this way, 
a sigmoid resection was done in addition to release 
of the small bowel. 


Inflammatory bowel disease 

All of the 12 patients who had acute complications of 
proctocolitis or of Crohn’s colitis were treated by 
immediate resection. Total colectomy and ileostomy, 
with exteriorization of the distal sigmoid colon as a 
mucous fistula, was a useful alternative to procto- 
colectomy when the patient was gravely ill or excision 
of the rectum was undesirable. 

Patients with Crohn’s colitis outnumbered patients 
with proctocolitis, and all 4 patients with a perforation 
of the colon had Crohn’s disease. 

The 2 patients who died had both been on oral 
prednisone for several years and one refused treatment 
until in extremis. Both died with uncontrollable sepsis 
and failure of their wounds to heal. 


Miscellaneous group (Table IV) 

Volvulus of the colon was a rare emergency in the 
present series, Injuries of the colon were treated by 
exteriorization and those of the rectum by drainage 
and defunctioning colostomy. 

The 5 patients with ischaemia of the proximal colon 
(3 due to superior mesenteric artery occlusion and 2 
due to strangulating obstruction) all presented prob- 
lems in diagnosis and in the assessment of the extent of 
ischaemia; because of this, 3 underwent a ‘second look’ 
laparotomy. All 5 patients had an ileocaecal resection, 
and 2 patients also needed resection of a considerable 
length of jejunum, both of whom survived. Four 
of these patients had a type of anastomosis (Fig. 4) 
advocated by Bishop and Koop (1957) to give 
maximum protection of the anastomosis, and also had 
a small bowel intubation (Munro and Jones, 1978) to 
keep the small bowel decompressed and free of kinks; 
all made a good recovery. 

The patient with haemorrhage from angiodysplasia 
of the caecum presented some problems in manage- 
ment and has been fully described by Jones and Ewen 
(1978). The young woman who had pseudomem- 
branous colitis was gravely ill and was operated upon 
because she appeared to have a perforated colon; this 
was not the case, but the colon was so severely inflamed 
that it was thought safer to make a defunctioning ileo- 
stomy. The patient with ischaemic colitis presented 
with intestinal obstruction which did not respond to 
starvation and intravenous fluids; at operation there 
was a Stricture at the hepatic flexure. The 3 patients 
with colonic pseudo-obstruction were operated on 
after they had failed to settle on conservative manage- 
ment and when there seemed to be a risk of caecal 
rupture. The apparent underlying causes were acute 
pancreatitis, carcinoma of the prostate and acute 
interstitial cystitis respectively. 


Discussion 

In this consecutive series of 122 patients who required 
an emergency operation for disease or injury of the 
colon or rectum, 80 (65 per cent) had an immediate 
resection. of the lesion, with an overall operative 
mortality of 15 per cent. However, among the 37 
immediate resections for carcinoma there were only 
3 deaths (8 per cent), which suggests that Savage's 
(1967) enthusiasm for this method of treatment was 
justified. Clark et al. (1975) and Irvin and Greaney 
(1977) both reported an operative mortality rate for 
primary resection of over 30 per cent, and Clark et al. 
(1975) found a high incidence of morbidity, such as 
wound dehiscence and anastomotic leaks, which was 
not seen in the present series; Fielding and Wells 
(1974) reported a similar experience. Irvin and Greaney 
(1977) had, on the basis of their results, to advise 
against immediate resection of obstructed neoplasms 
in the distal colon. 

There seem to be two possible explanations for the 
considerable differences in these results. One is that 
the patients in both the present report and that of 
Savage (1967) were each in a personal series in which 
there can be a large measure of supervision and con- 
sistency of treatment; this is a different matter to re- 
porting on patients collected from all the surgical units 
of a hospital which have varying special interests. 

All the immediate resections in this series were 
undertaken by one of two consultants, or by the 
senior registrar of the unit. Some difficult judgements 
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Table IV: MISCELLANEOUS COLORECTAL 
EMERGENCIES 

No, undergoing 


No. of | immediate 
Diagnosis cases resection 
Volvulus of the colon: 
Sigmoid 4 3 (1 death) 
Transverse colon i 0 
Caecum i 1 
Iniuries of colon or rectum 4 0 
Superior mesenteric artery 3 3 (1 death) 
obstruction 
Strangulating obstruction of caecum 2 2 
and ileum 
Intussusception of colon | | l 
{villous papilloma) 
Pseudocyst of pancreas i 1 
obstructing splenic flexure 
Angiodysplasia of caecum with ] 1 
haemorrhage 
Pseudomembranous colitis i 0 
Ischaemic colitis i l 
Pseudo-obstruction of colon 3 0 
Torsion of appendix epiploica | 0 


have to be made in the selection of treatment for these 
patients which can only safely be undertaken by 
surgeons of experience. The other possible explanation 
for the differences in results is that emergency colonic 
surgery requires the deployment of several special 
techniques, including safe and effective methods of 
decompressing large and small intestine, the use, when 
required, of ‘extended’ right hemicolectomy and the 
Bishop-Koop anastomosis, a secure anastomotic 
technique, use of a protective colostomy after anasto- 
mosis of unprepared distal colon and reliable methods 
of wound closure and prevention of wound sepsis. 

The figures for immediate resection in the treatment 
of diverticular disease in the present series underline 
how serious these emergencies are and leave no room 
for any complacency. They are not so good as those 
reported by Roxburgh et al. (1968) and Eng et al. 
(1977). The two-thirds mortality in bleeding diverticu- 
lar disease shows how much thought and effort must 
be given to the care of these patients (Drapanas et al. 
1973). 

The Grampian region of Scotland is a good area in 
which to study the natural incidence of disease because 
all the main hospitals are situated in Aberdeen and 
there is no alternative hospital group available to 
which emergencies might be sent. This suggests that 
the incidence of the surgical large intestinal emergencies 
recorded here gives a reasonable picture of the natural 
occurrence of these conditions in the adult population. 
If this assumption is correct then it appears that 
immediate resection can be applied to more than two- 
thirds (67 per cent) of large intestinal emergencies 
with a reasonably low mortality rate. There is no 
doubt that the patients reported here benefited im- 
mediately from this practice, and the indications are 
(Fielding and Wells, 1974) that urgent resection of the 
obstructed colon also holds long term advantages for 
the patient. 
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Parathyroid hormone and calcium homeostasis 


in acute pancreatitis 
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L 5. BENJAMIN AND A. J. McKAY* 


SUMMARY 

Sequential daily measurements of plasma parathyroid 
hormone (PTH) have been performed in 89 patients 
with acute pancreatitis. A total of 439 PTH assays was 
obtained during 98 episodes of the disease. Three main 
patterns of PTH response were found. These responses 
were correlated with severity of disease graded by 
objective criteria and also to corrected serum calcium 
levels. The first type of PTH response was characterized 
by significantly elevated PTH levels soon after hospital- 
ization with a subsequent decrease in levels to within 
the normal range by the third or fourth day of illness. 
This type of response was specifically associated with 
transient severe hypocalcaemia (corrected calcium < 2-0 
mmol/l). It was also associated with the most severe 
forms of disease and 6 of the 7 deaths. The second type 
of PTH response revealed initial PTH values in the 
upper level of the normal range (400—600 ng/l) while 
persistently low PTH levels were characteristic of the 
third type of response. Persistently low PTH levels 
were associated with normocalcaemia, and no patient 
in this group died. None of a group of 14 control 
patients exhibited the type 1 PTH response. An effec- 
tive PTH response to an unidentified hypocalcaemic 
stimulus results in satisfactory calcium homeostasis in 
most patients with acute pancreatitis. 


Tre levels of parathyroid hormone (PTH) have been 
measured in the blood of patients with acute pancrea- 
titis by several teams of investigators, with conflicting 
results. Some have reported low PTH levels associ- 
ated with hypocalcaemia (Condon et al., 1975; Robert- 
son et al., 1976; McMahon et al., 1978), while others 
described high levels of PTH and a significant inverse 
correlation with serum ionized calcium levels (Weir 
et al., 1975). A small number of patients were studied 
in each of these four reports, and in very few were 
sequential measurements of PTH levels recorded. 
This lack of serial PTH measurements results in 
difficulty in assessing the role of the hormone in 
calcium homeostasis in acute pancreatitis. In addi- 
tion, only the most recent report (McMahon et al., 
1978) took account of the hypoalbuminaemia which 
is the most common cause of a lowered total serum 
calcium level in patients with acute pancreatitis (Imrie 
et al., 1976). 

We carried out the present study of sequential 
daily analysis of PTH levels in a larger series of 
patients (n = 90) to elucidate the efficacy or other- 
wise of calcium homeostasis in acute pancreatitis. 
Our previous work had validated the use of a correc- 
tion factor for serum calcium levels according to 
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changes in serum albumin based on measurements 
of serum ionized calcium in sequential blood samples 
of patients with acute pancreatitis (Allam and Imrie, 
1977). An additional aim of this study was to provide 
a rational basis for the therapy of true hypocalcaemia 
in severe acute pancreatitis and to assess the place 
of supplementary PTH or calcium (gluconate or 
chloride) or other approaches. 


Patients and methods 

Ninety patients with acute pancreatitis had sequential PTH 
assays performed during the first week of illness. In one 
patient acute pancreatitis was a complication of hyperpara- 
thyroidism, and persistently elevated PTH levels were found 
during and after the acute stage of the illness until the removal 
of a parathyroid adenoma. The omission of this female 
patient from further analysis left 36 male and 53 female 
patients, with a mean age of 51:3 years. Eight of these patients 
had two episodes of pancreatitis and one had three episodes 
monitored during the study. From the same blood sample, 
plasma PTH, serum calcium, albumin and phosphate were 
measured and corrected calcium values were obtained. Speci- 
mens for PTH assay were separated immediately and the 
plasma frozen at —20 °C. Plasma PTH was quantitated using 
a double antibody radioimmunoassay which employed highly 
purified bovine PTH both as standard (MRC 71/324) and for 
radio-iodination (MRC 76/568). Guinea-pig anti-bovine PTH 
serum (MRC 73/525) was used at a final dilution of 1/500 000. 
The mean sensitivity of the assay was 150 ng/l and the upper 
limit of normal 600 ng/l. The mean intra-assay and inter-assay 
coefficients of variation were 9 and 15 per cent respectively 
and the assay has performed satisfactorily in the appropriate 
Supraregional Assay Service quality control scheme. 

Individual serum calcium concentrations were corrected for 
their corresponding serum albumin as follows: Ca (corrected) 
= [(47 ~alb.) x 0-0194]+-Ca, where Ca is serum calcium in 
mmol/l, alb. is serum albumin in g/l and Ca (corrected) is 
serum calcium in mmol/l corrected for albumin. The full 
derivation of this formula, its validation and the methods used 
in the measurement of total serum calcium, albumin and 
phosphate have previously been described in detail (Imrie et 
al., 1976; Allam and Imrie, 1977). The normal serum calcium 
level for our laboratory is 2-20-2:60 mmol/l, albumin 42- 
52 g/l (purified human albumin used as a standard). Patients 
were considered to have severe hypocalcaemia when the cor- 
rected calcium levels were less than 2-00 mmol/l. 

Acute pancreatitis was graded according to severity by the 
number of adverse prognostic factors present within the 
initial 48 h of hospitalization (Table I). This is a modification 
of an earlier system (Ranson et al., 1976) and validation of 
the accuracy of this grading of disease has recently been 
published (Imrie et al., 1978). Patients were considered to 
have severe disease if three factors were present and very 
severe if four or more were recorded. 





* University Departments of Surgery and Biochemistry and 
Radioimmunoassay Laboratory, Royal Infirmary, Glasgow. 
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Table I: PROGNOSTIC FACTORS IN PATIENTS 
WITH ACUTE PANCREATITIS 





. WBC >15x 10°/ 

. Glucose 7 10 mmol/l (no diabetic history) 
Urea 716 mmol/l (no response to i.v. fluids) 
. Pao, «60 mmHg (7:5 kPa) 

Calcium < 2-0 mmol/l 

Albumin «32 g/l 

LDH > 600 units/l 

GOT/GPT > 100 units/l 

. Age 55 yr 
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If three or more adverse prognostic factors are present within 
48 h of hospitalization, severe acute pancreatitis is confirmed. 
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Fig. 3. Type 2 PTH response pattern in one patient 
with normocalcaemia but severe acute pancreatitis. 
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normocalcaemía and severe acute pancreatitis. Dav 0, results 
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Table H: RELATIONSHIP BETWEEN PTH 
RESPONSE AND SEVERITY OF DISEASE 


PTH response Severe AP Very severe AP Deaths 
Type I (n= 47) 20 15 6 
2 (n 25) 6 2 1 
3(n- 26) 8 4 ü 
34 2i 7 





AP, Acute pancreatitis. 
n= number of attacks of acute pancreatitis except in deaths 
column, where fatalities are recorded. 


Table HI: RESULTS IN 7 FATAL CASES 


Calcium 
(2-20—2-60 mmol/t) 
Case Total Corrected PTH (up to 600 ng/l) 
1 0-90 1-10 980 
2 1-40 1-68 1280 
3 1-60 1:82 1700 
4 1-65 2-03 1060 
5 1:85 2:23 1050 
6 2:00 2-06 1060 
T 2:30 2-54 330 


Lowest calcium and corresponding PTH in patients who died. 


Parathyroid hormone and calcium homeostasis in pancreatitis 


Results 

The 98 episodes of acute pancreatitis occurred in 89 
patients, of whom 41 (461 per cent) had biliary 
disease, 32 (36 per cent) an antecedent history of 
alcohol abuse, 2 good evidence of Coxsackie viral 
infection and 1 postoperative pancreatitis. In 13 (14-6 
per cent) the aetiology is still uncertain at this stage 
of follow-up. Three main patterns of PTH response 
were recorded in these patients and there was no 
clear relationship with the aetiology of disease in an 
individual patient. 

In the type 1 response (n — 47 attacks of pancrea- 
titis), plasma levels of PTH were found in excess of 
600 ng/l. The most common pattern for this PTH 
response was for the highest levels of PTH to be 
recorded in the initial blood sample and for levels 
subsequently to decrease to within the normal range 
by the fourth day of illness (Fig. 1). In 32 per cent 
of the patients with a type 1 response a rising level 
of plasma PTH was found after admission before a 
gradual decrease to normal values. This variation in 
the PTH response pattern shown in Fig. 1 was not 
clearly related to the time interval between the initial 
blood sample and the onset of pain. The maximum 
PTH level was greater than 900 ng/l in 64 per cent 
of the episodes of pancreatitis and the highest indivi- 
dual recording was 3050 ng/l. 

In all 8 patients with severe hypocalcaemia, a type 
I response occurred. Transient corrected calcium 
levels below 2-0 mmol/l occurred in 7 of these patients, 
with a normocalcaemic status being achieved later in 
the illness (Fig. 2). The elevated PTH levels were 
associated with a restoration of corrected calcium to 
greater than. 2-0 mmol/l in all but one patient who 
suffered multi-organ failure and severe metabolic 
imbalance before death. 

There were 34 episodes of severe and 21 of very 
severe acute pancreatitis in this study. The majority 
of both severe (59 per cent) and very severe (71 per 
cent) attacks of the disease were associated with a 
type 1 response (Table II). Analysis of the patients 
who died revealed a correlation with the type I 
response pattern, 6 of the 7 patients exhibiting this 
type of PTH pattern (Table III). All 7 patients who 
died had between four and eight prognostic factors 
present and varying degrees of hypocalcaemia and 
plasma PTH elevation were recorded in the 6 patients 
with the type 1 response (Table III). The exception 
was Case 7, who, although having four positive prog- 
nostic factors, did not have hypocalcaemia. This 
patient had a type 2 response pattern and died from 
à second myocardial infarction during the first week 
of hospitalization with acute pancreatitis (Tables H 
and MI). 

The type 2 response pattern was associated with 
initial PTH levels in the range 400-600 ng/l with a 
gradual decline towards the fourth day in hospital 
(Fig. 3). Twenty per cent of the type 2 responses also 
exhibited an initially rising PTH level before the 
steady decrease which ensued. Six severe and 2 very 
severe episodes of acute pancreatitis were character- 
ized by this type of response (Table II). The patient 
who died has been described above. 

Finally, in the type 3 pattern plasma PTH levels 
did not exceed 400 ng/l during the early phase of 
acute pancreatitis (Fig. 4). This response occurred in 
26 episodes of acute pancreatitis, 8 of which were 
severe and 4 very severe (Table II). None of the 
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attacks of pancreatitis characterized by this type of 
PTH response was associated with either severe hypo- 
calcaemia or the death of the patient. 

None of the 14 control patients who suffered from 
myocardial infarction, acute cholecystitis or perforated 
duodenal ulcer exhibited a type 1 PTH pattern. All 
controls were monitored for a similar period after 
admission to that for the group of patients with acute 
pancreatitis. Only 2 patients revealed a type 2 pat- 
tern while the remaining 12 had a type 3 pattern of 
PTH response. 


Discussion 

In the present extensive investigation of plasma PTH 
response patterns in patients with acute pancreatitis, 
we have found significantly elevated levels of PTH 
early in the course of the most severe disease, and 
particularly in cases characterized by severe and tran- 
sient. hypocalcaemia. This indicates a correlation 
between low levels of serum ionized calcium and high 
levels of PTH with effective calcium homeostasis in 
severe acute pancreatitis. In only one patient was 
there a failure to restore falling serum calcium levels 
in the face of rising PTH levels, and he suffered 
multiple metabolic upsets. He was not given the 
glucose-insulin-potassium infusion therapy which 
had previously proved beneficial. Both clinically and 
biochemically, he was similar to a patient with features 
of the sick cell syndrome (Flear and Singh, 1973), 
who was reported in our earlier study (Allam and 
Imrie, 1977). 

The overall plasma PTH patterns in this study 
confirmed previous suggestions based on the pres- 
ence of hypophosphataemia, decreased tubular re- 
absorption of phosphate and infrequent true hypo- 
calcaemia (corrected values and directly measured 
serum ionized calcium) that a satisfactory or adequate 
PTH response was present in patients with acute 
pancreatitis (Imrie et al, 1976; Allam and Imrie, 
1977). The results are also in agreement with those 
in 11 patients in whom a significant inverse correla- 
tion between elevated PTH and lowered serum ionized 
calcium level was found (Weir et al., 1975). 

In contrast, our findings are at variance with those 
of investigators who found low PTH levels in patients 
with acute pancreatitis, especially in cases with hypo- 
calcaemia and more severe forms of the disease (Con- 
don et al, 1975; Robertson et al., 1976; McMahon 
et al., 1978). Some of these workers (Condon et al., 
1975) suggested that supplementary PTH might be 
given to patients with pancreatitis and hypocalcaemia, 
but we would contend, on the basis of the data pre- 
sented, that this would be very rarely, if ever, justi- 
fiable or necessary. 

Of the 14 patients studied by Condon and his 
colleagues, only 3 had sequential PTH assays per- 
formed, and elevated levels of the hormone were 
present in each patient (Condon et al., 1975). Cor- 
relations with calcium levels were invalid because 
total serum calcium alone was the reference. 

The basis for a postulated inadequate PTH re- 
sponse associated with the hypocalcaemia of acute 
pancreatitis was rather tenuous in another of the 
reports as each of the 9 patients in that study had 
only a single recording of PTH at variable stages 
after onset of illness (Robertson et al., 1976). Finally, 
and most recently, 12 patients (6 severe and 6 mild 
acute cases of pancreatitis) have been the subject of 
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a study which also failed to provide data on serial 
estimations of PTH yet suggested that subnormal 
hormone levels characterized severe pancreatitis 
(McMahon et al., 1978). These workers reported 
difficulty in the classification of severity of disease, 
but the use of objective prognostic factors has now 
been soundly validated in the present and other 
studies, permitting accurate separation into mild and 
severe acute pancreatitis (Ranson et al., 1976; Ranson 
and Pasternack, 1977; Imrie et al., 1978). Using these 
criteria we have found 64 attacks of mild pancreatitis 
with no deaths in this series while 34 severe attacks 
were associated with 7 deaths. Indeed, very severe 
attacks, characterized by the presence of at least four 
prognostic factors, had a 1 in 3 mortality. Objective 
grading of severity of acute pancreatitis in this study 
has shown a frequent correlation between the most 
severe disease and markedly elevated PTH levels of 
the type 1 response. The infrequency of an association 
of low PTH levels with the type 3 response in severe 
acute pancreatitis, and the total lack of correlation 
with severe hypocalcaemia and mortality, represents 
cogent evidence against the belief that low PTH levels 
are typical of the most severe pancreatitis. 

It is essential to postulate a hypocalcaemic stimulus 
to account for the high PTH level which we have 
described in the type 1 response. That this stimulus 
may be specific to acute pancreatitis is suggested by 
the results obtained in the control patients. The 
shape of the PTH response curve, either steadily 
falling from high levels or initially rising after admis- 
sion, suggests that the stimulus may be of variable 
duration. Alternatively, a variable rate of PTH re- 
sponse may account for the differences, as we were 
unable to find any correlation between the time of 
onset of symptoms and the initial blood sample. The 
hypocalcaemic stimulus may be due to the binding of 
ionized calcium in nodules of fat necrosis (Edmond- 
son and Berne, 1944), but a flux of calcium ions from 
extra- to intracellular fluid may also be important 
(Allam and Imrie, 1977). Possible magnesium de- 
pletion and pH changes must also be taken into 
account in a consideration of the calcaemic status of 
patients. Our own findings of normal levels of serum 
and urinary magnesium in patients with acute pan- 
creatitis (unpublished data) indicate that magnesium 
depletion is not an important consideration in hypo- 
calcaemia in this disease. In respect of pH changes, 
the more severe attacks of acute pancreatitis are 
usually associated with an early metabolic acidosis 
tending to raise ionized calcium levels, but later 
in the disease respiratory alkalosis associated with 


hypoxaemia may need to be taken into account in 
assessment of hypocalcaemia (Imrie et al., 1977). 

The most effective therapy of severe hypocalcaemia 
which occasionally occurs in severe acute pancreatitis 
may be glucose-insulin-potassium infusion in an 
attempt to reverse calcium influx to cells and to re- 
store extracellular ionized calcium values, Calcium 
gluconate or chloride infusions may also be helpful 
but it must be remembered that these specific measures 
are rarely required because of the efficacy of the PTH 
response, Furthermore, these steps cannot be viewed 
in isolation, as cardiorespiratory, renal and other 
biochemical support measures are frequently neces- 
sary in these severely ill patients. 
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The effect of highly selective vagotomy on the 
relationship between gastric mucosal blood 


flow and acid secretion in man 
S. E. KNIGHT, R. L. McISAAC AND L. P. FIELDING* 


SUMMARY 

Previous work has shown that the duodenal ulcer 
population can be defined by a lower ratio between 
gastric mucosal blood flow and acid secretion (during 
pentagastrin stimulation) than is found in normal 
subjects. The results of the present investigation have 
shown that the ratio is restored to normality by highly 
selective vagotomy. This suggests that increased tonic 
activity of the vagus on the parietal cell is one of the 
important disorders in duodenal ulceration. 


SURGICAL treatment for duodenal ulcer has been 
almost wholly guided by the concept ‘no acid, no 
ulcer’. Though effective surgery is associated with 
reduction in gastric acid output (Aubrey and Forrest, 
1970), laboratory studies of acid secretion have thrown 
little light on the cause of the disease. Furthermore, 
they have not led to a discriminant physiological test 
for the presence or absence of ulcer (or of a tendency 
to develop one) in that normal subjects and duodenal 
ulcer patients show considerable overlap in terms of 
acid production under stimulation by histamine or 
pentagastrin (Baron, 1963). 

In 1853 Virchow suggested that changes in the 
microcirculation of the stomach were implicated in 
ulcer formation, and in 1973 Moody postulated that a 
change in the relationship between mucosal blood flow 
and acid secretion might be of importance in the 
pathogenesis of ulcer. A test of these two suggestions, 
made 120 years apart, has been delayed by the inability 
to measure gastric mucosal blood flow (GMBF) 
repeatedly and safely in the conscious animal or in 
man. Repeated measurements demand a clearance 
technique in which a marker substance crosses the 
mucosal barrier and is then trapped in the gastric 
juice by an interaction with luminal content, such as a 
small quantity of hydrogen ion, which alters the 
chemical or physicochemical properties of the marker. 
Satisfactory substances are the cationic markers 
amidopyrine (Jacobson et al., 1966) and aniline 
(Curwain and Holton, 1973). Unfortunately, both are 
too toxic for use in man. Safety can be achieved by the 
use of neutral red which is similarly cationic and also 
non-toxic. Preliminary studies in the dog showed good 
correlation between amidopyrine and neutral red 
clearance (Aures et al., 1975), but in man when neutral 
red was used alone a metabolite interfered with the 
extraction of the marker from blood (Aures et al., 
1976), so producing spuriously low clearances. The 
method was consequently abandoned by its originators. 
However, this problem can be overcome by changing 
the solvent in the extraction technique from semi- 
polar (butanol) to non-polar (diethyl ether). This 
simplified method gives satisfactory comparative 
results to those of established markers in the dog 
(Knight and Mclsaac, 1977a). Encouraged by these 
findings, the method has been applied to man; though 
in man another method is not available for comparison, 


the consistency of the results and their similarity to the 
findings in the dog encourages the belief that neutral 
red is a valid measure of GMBF (Knight and Mclsaac, 
1977b). 

Further studies in volunteers and in patients with 
duodenal ulcer, during which acid secretion and 
GMBEF in response to pentagastrin stimulation were 
measured simultaneously, showed for both groups a 
linear relationship between secretion and flow. 
Strikingly, however, the slope of the line was less in 
the duodenal ulcer patients, that is, blood flow was 
lower for any given acid output. These results were 
sufficiently consistent and the differences sufficiently 
large to separate the two populations (Knight et al, 
1977). 

In the present study the results in a larger number 
of volunteers and in patients with duodenal ulcer are 
reported. Twelve of the latter group have been 
studied on a second occasion after highly selective 
vagotomy (HSV). 


Methods 
Subjects 
There were 21 volunteers (15 men, 6 women, mean age 35 
vears, range 23-59 years) and 25 patients with active symptom- 
atic duodenal ulcer shown by endoscopy (21 men, 4 women, 
mean age 36 years, range 21-70 years). Twelve patients were 
studied a second time 10-14 days after a HSV in which mapping 
of the acid-secreting area at operation with a pH probe had 
been used to confirm nerve section. 

Informed consent was obtained from each person and the 
investigation was approved by the local ethical committee. 


Gastric function tests 
After an overnight fast each subject was intubated with a 
double lumen nasogasiric tube (Sherwood 12-14 French), 
the position of which was confirmed by a water recovery test 
(Hassan and Hobsley, 1970). The overnight secretion was 
aspirated and discarded; a 15-min basal sample was taken as à 
reference for neutral red standards. A winged needle was in- 
serted into a vein in each forearm: one was for drug infusion 
and the other for blood sampling. Venous blood (15 ml) was 
taken for neutral red standards, and after a loading dose of 
neutral red (250 ug/kg) a constant infusion was continued at 
250 ug kg h -*. A further three blood samples were taken at 
15-min intervals; subsequently, 30-min intervals were used. 
Gastric juice was aspirated continuously by a constant suction 
pump (SAM 17, Aerosol Products) and collected every 15 min. 
After 45 min, pentagastrin (4 ug kg ^! h ^) was infused for 1-5 h. 
Each gastric sample was analysed for volume, acid content 
and neutral red concentration. Acid output was measured by 
titration with 0-IM-NaOH to pH 74 using a pH electrode 
and an automatic titrator (Radiometer, Copenhagen). Acid 
secretion was expressed as umol H*/min. The concentration 
of neutral red in blood and gastric juice was measured by a 
technique already described (Knight and Mclsaac, 19772). In 
summary, this method consists of extraction of neutral red from 
blood (3 ml) and gastric juice (1 ml) with diethyl ether at pH 10. 
Neutral red was then extracted from ether into 0-ImM-HCi and 
the concentration read from a spectrophotometer (SP1800, 
NNMERO EE ac elt 
* Academic Surgical Unit and Department of Physiology, st 
Mary's Hospital Medical School, London. 
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Fig. 1. Acid secretion in response to pentagastrin of the three 
groups. Each point is the mean of three determinations at 
maximal output. 
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Fig. 2. Noutral red clearance at peak acid output. Each 
point mw the mean of three determinations taken simultaneously 
with those for acid output. 
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Fig. 3. Regression plot of the relationship between acid 
clearance, 


output and neutral red Each point represents 
simultaneous values for acid and GMBF at 15-min intervals 
during the experiments described in the teat. 
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Fig. 4. Regression plot for patients after HSV compared with 
all duodenal ulcer patients before vagal section. Conditions 
of the experiment were tho same as for Fig. 3. 


Table I: RELATIONSHIP OF GMBF TO ACID 
SECRETION 


P for 
algnificance 
r (correlation ofr different 
Group coefficient) from zero Y» bX-ra 
Volunteers 0-80 «: 0-001 Yo 0148X--21:5 
(m= 68; k= 21) 
Duodenal 0-72 «0-001 Y-0-078X--12-0 
ulcer (aca 75; k = 25) 
patients 
Patients «0-001 Yo 0-193 X 4-043 


0-60 
after HSV (x & 39; k = 12) 


^ is the number of data pomts in each group and k is the 
number of subjects studied. The asmgie regression line for each 
group is denoted by Y= bX--a, where b is the slope of the 
line and a is the Y mtercept. 


Pye Unicam) at 540 nm agamst standards. The cleerance of 
neutral red from blood to gastric juice in ml/min was calculated 
from the following: clearance = GY/Bt, where V is the volume 
of gastric aspirate, G the concentration of neutral red in gastric 
juice, B the concentration of neutral red in blood, t= 15 mun. 


Statistical analysis 

Pooled data pomts ware analysed for skewness and kurtosis 
and found to be normally distributed. Acid secretion and 
neutral red clearance (including reproducibility of the method) 
were analysed usmg (a) analygs of vartance for population. 
differences and for tests of significance of a single regression 
line within each group and (b) analysis of covariance for 
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Prescribing Information 
Presentation. Temgesic Injection contains 0.3 mg/ml 
buprenorphine as the hydrochloride, in a 5% dextrose 
solution. It is a colourless liquid, in clear glass snap- 
ampoules of 1ml (0.3mg) or 2 ml (0.6mg). 
Uses. A strong analgesic for use in moderate and 
severe pain, in patients suffering from:- 
(i) pain while undergoing terminal care for malignancy; 
(ii) post-operative pain; 
(iii) post-myocardial infarction (N.B. See Further 
Information). i 
Dosage and administration. Adults: The 
recommended dosage is 0.3-0.6mg by intramuscular 
or slow intravenous injection, repeated every 6 to 8 
hours or as required. Temgesic is not at present 


A landmark in 
the search for a safer 


strong analgesic 
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recommended for administration to children. 
Contra-indications, warnings, etc. There are no 
absolute contra-indications. Occasionally Temgesic 
may cause respiratory depression, and care should 
therefore be taken when treating patients with 
impaired respiratory function. Because buprenorphine 
has antagonist properties, it may precipitate mild 
withdrawal symptoms in narcotic addicts, and it should 
be given with care initially to patients previously treated 
with narcotic analgesics. 

Temgesic may cause some drowsiness, and this could 
be potentiated by other centrally acting agents; hence 
ambulant patients should be warned not to drive or 
operate machinery if affected. Since Temgesic is 
metabolised in the liver, the intensity and duration ofits 
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action may be affected in patients with impaired liver 
function. Until further information is available, Temgesic 
should be used with caution in patients receiving 
monoamine oxidase inhibitors, and it is not at present 
recommended during pregnancy. Temgesic Injection 
contains 50mg dextrose per 1 ml, but no sodium or 
potassium. 

Overdosage. Temgesic has a very wide safety margin, 
and clinical experience has shown that doses well in 
excess of those recommended can be administered 
without untoward effect. Should respiratory depressior 
occur to a clinically undesirable degree, supportive 
measures should be used to maintain adequate 
ventilation and oxygenation. 

The effects of buprenorphine are not reversed by 


The outcome of a17-year British research 

| programme into the therapeutic potential of 
compounds with partial agonist action, 
Temgesic is both a strong analgesic and a 
morphine antagonist with unique receptor 
kinetics: 





* Clinically as effective an analgesic as morphine’ 





* duration of action up to twice that of morphine"? 





* substantially lower dependence profile than conventional 
centrally acting analgesics‘ 





* no psychotomimetic effects** 





* wide safety margin? 





Temgesic Injection 


a landmark in the search for a safer strong analgesic. 


available on monitored release for the relief of post- 
operative pain and of pain resulting from myocardial 
infarction or terminal malignancy. 










Full prescribing information is available from 
CD Reckitt & Colman Pharmaceutical Division, Hull HU8 7DS. Tel: (0482) 26151. 


$ Temgesic is a registered trade mark. 


certain narcotic reversing agents, such as levallorphan 
and nalorphine. Naloxone is partially effective. 
Doxapram, a respiratory stimulant, administered in 

the recommended dose range either by repeated 
intravenous injection or by infusion, can be used to 
stimulate respiration. 

Side effects. Drowsiness, or sleep from which the 
patient can easily be aroused, occurs particularly in the 
post-operative period. Improved mood or mild euphoria 
has occasionally been observed. infrequently 
respiratory depression may occur, and nausea, 
vomiting, dizziness and sweating have been reported 
in some ambulant patients. Constipation has not been 
reported, 


Dependence liability. The human and animal studies 
conducted indicate that buprenorphine has a 
substantially lower dependence profile than 
conventional centrally-acting analgesics. 
Pharmaceutical precautions. Temgesic Injection is 
stable, but should be kept cool and protected from light. 
Legal category. Prescription Only Medicine (P.O.M.). 
Package quantities. Package of ten ampoules 

(1ml or2 ml). 

Further information. Temgesic is available on 
Monitored Release, during which period:- 

Temgesic Injection should be used post-operatively and 
following myocardial infarction only in institutions 
capable of dealing with respiratory failure and having 
facilities for controlled pulmonary ventilation. 


Product Licence numbers 
Temgesic Injection 1 ml 44/0056 
Temgesic Injection 2ml 44/0057 
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differences in slope and elevation between regression lines for 
B gach group (Armitage, 1973). 


Results 

Acid secretion stimulated by pentagastrin (Fig. 1) 
Each point represents the mean of the three 15-min 
periods taken during the last hour of pentagastrin 
infusion. The scatter of data taken from the volunteers 
and patients was wide and there was no significant 
difference in gastric acid output between volunteers 
and patients studied preoperatively (mean acid 
output + s.d.: 439+ 248 umol H*/min and 503 +234 
umol H*/min respectively). After HSV there was a 
statistically significant reduction in acid secretion 
(P « 0-05), but the range for the group remains large. 


GMBEF estimated by neutral red clearance (Fig. 2) 

In contrast to the results of acid output, there was a 
"significant difference in GMBF between the normal 
group and the duodenal ulcer group at peak acid 
secretion (80-- 33 ml/min and 51:17 ml/min re- 
spectively; P «0-01). However, after HSV neutral red 
clearance was 6l 20.3 ml/min, and an analysis of 
variance comparing pre- and postoperative tests 
showed that this rise in GMBF after surgery was 
statistically significant (Fira = 797; | P001). 
Though NR clearance after HSV was less than the 
values found in volunteers, the difference in means was 
not statistically significant (0-1 > P> 0-05). 


Relationship of GMBF to acid secretion (Table I, 
Figs. 3, 4) 

There was a significantly linear relationship between 
neutral red clearance and acid secretion in all three 
groups, though the proportion of the variance 
accounted for was least in the postoperative group 
(Fig. 3). Preoperatively, and as previously found, the 
slope of the regression line for patients was less than 
the slope for the volunteers, but after surgery this 
value increased into the normal range (Fig. 4). 


Discussion 

These results confirm the previous finding that the 
gastric mucosa in patients with duodenal ulceration 
secretes relatively more acid for a given level of blood 
flow when compared with a normal group. The 
differences allow the normal and duodenal ulcer 
populations to be identified. Furthermore, after HSV 
the relationship of GMBEF to acid secretion lies in the 
normal range. 

Neutral red clearance in combination with acid 
secretion stimulated by pentagastrin is thus a simple 
gastric function test, and if the data remain the same 
with larger samples could provide a diagnosis in the 
physiological laboratory for duodenal ulceration. 
Postoperatively, it also may prove a valid test for 
completeness of vagal section. 

Of more interest is the light possibly thrown on the 
functional disorder in duodenal ulceration. The 
balance between GMBF and acid output is most 
‘probably controlled by histamine (Gerkens et al., 
1977). Gastrin administration releases intramural 
histamine in the rat (Kahlson et al., 1973), and it may 
be postulated that pentagastrin behaves similarly in 
man. The histamine then acts by an H, effect to 
produce acid secretion. The addition of vagal stimu- 
lation augments acid production, but does not cause 
a further rise in intramural histamine (Lundell, 1974), 
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nor is vagal stimulation alone associated with a rise 
in GMBF in the rat (McIsaac, 1976). This evidence, 
combined with the finding that there is a restoration 
of the relationship of mucosal blood flow and acid 
secretion to normal after HSV, suggests that in 
duodenal ulcer patients there is increased vagal action 
directly on the parietal cell to produce more acid than 
in normal subjects in response to the gastrin/hista- 
mine-H, stimulus. Incremental increase of the latter is 
associated with a greater rise in acid production for 
each step than in normal subjects. Furthermore, it is 
probable that the changes in GMBF under circum- 
stances of pentagastrin stimulation are, as with the 
production of hydrogen ion, predominantly under H; 
receptor control. Further studies, presently in progress, 
in which mucosal blood flow and acid secretion are 
altered by histamine with or without appropriate 
receptor blockade, will test the latter hypothesis. 
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A double blind trial of the prolactin inhibitor 


bromocriptine in painful benign breast disease 
R. E. MANSEL, P. E. PREECE AND L. E. HUGHES* 


SUMMARY 

A double blind crossover trial of the prolactin inhibitor 
bromocriptine in painful benign breast disease is 
reported. Twenty-nine women with cyclical mastalgia 
and 11 with non-cyclical pain were treated with bromo- 
criptine, 5 mg daily, and placebo over six menstrual 
cycles. Assessment of response to treatment was made 
by a linear analogue system and clinical examination 
together with plasma prolactin estimations. Bromo- 
criptine produced a significant improvement in breast 
symptoms and a significant fall in prolactin levels in the 
cyclical pain group, but had no effect in the non-cyclical 
group. These results suggest that bromocriptine offers a 
new and effective approach in the management of 
cyclical breast pain. 


No effective non-operative treatment exists for severe 
breast pain despite detailed studies of the problem by 
Atkins (1950) and Patey (1949). The failure of simple 
hormonal therapy and the intractable nature of the 
symptom has led some surgeons to perform mastec- 
tomy in selected cases. A simple and effective hormonal 
therapy is badly needed but development of a logical 
treatment is hindered because little is known of the 
cause of breast pain. However, a recent radioimmuno- 
assay study showed that serum prolactin levels were 
higher than control values in women suffering from 
fibroadenosis and cystic disease (Cole et al., 1977). 
Since both these pathologies are commonly seen in 
patients with breast pain, a trial of the prolactin- 
lowering agent bromocriptine seemed a logical 
approach to treatment. The aim of this study was to 
assess the effectiveness of bromocriptine in relieving 
the symptoms of cyclical and non-cyclical breast pain. 


Patients and methods 

Forty women with severe breast pain of at least 6 months' 
duration were entered into the study. Women were referred by 
their general practitioners for treatment of their breast pain 
after empirical therapy with diuretics or hormones had proved 
unsuccessful. Patients were initially investigated and reassured 
or treated in the Cardiff Breast Clinic. Severe and persistent 
cases were referred to the Mastalgia Clinic for consideration of 
entry to the trial. Women with a lump requiring biopsy and 
those taking any hormonal preparation were excluded from 
the study. 

Before randomization the patients were divided into two 
categories of breast pain—cyclical and non-cyclical—on clinical 
criteria reported elsewhere (Preece et al, 1976), The cyclical 
group (29 women, mean age 32-9 years, range 19-44 years) had 
premenstrual pain and nodularity, usually located in the upper 
outer quadrant of the breast, which usually corresponded to the 
clinical diagnosis of fibrocystic disease. The non-cyclical group 
(11 women, mean age 42-7 vears, range 26-61 years) had well- 
localized ‘burning’ pain, often located in the inner half of the 
breast and unrelated to the menstrual cycle. This type of pain 
is commonly associated with the inflammatory type of duct 
ectasia. 

The double blind trial consisted of six menstrual cycles of 
treatment with either placebo or bromocriptine with a single 
crossover between the second and third cycles. The treatment 
order was pre-randomized in manufacture and a key to the 
code was held by the pharmacist who issued the tablets. A new 


bottle was started on the first day of each menstrual cycle or 
the first day of the month if the patient was postmenopausal (in 
the non-cyclical group). At the end of each cycle the bottles, 
which contained sufficient tablets for 40 days, were returned to 
the clinician who then counted the unused tablets, The dosage 
used for bromocriptine was 2-5 mg twice daily on each day of 
the cycle except at the beginning of the first cycle and at the 
crossover point, when an incremental scale was used as shown: 

Days 1-3 inclusive, 1-25 mg at night. 

Days 4-9 inclusive, 2-5 mg at night. 

Days 9-15 inclusive, 1-25 mg in the morning and 2-5 mg at 
night. nd 

Day 15 onwards, 2-5 mg twice daily. 

A similar incremental scale was used for the placebo tablets 
which were identical in appearance to the active tablets. 

Assessment of response to treatment was made in two ways. 
Each patient was seen every month in late cycle (between day 
25 and day 30) and examined by a clinician who then assessed 
breast tenderness and nodularity separately using a simple 
scale (1 = mild or no tenderness/nodularity; 2 == moderate; 
3 = severe). The clinician then left the room and the patient 
completed a linear analogue form without assistance, which 
was then retained by the clinician for marking at the end of 
the trial. A 100-mm scale was used and an example is shown in 
Fig. 1, together with the breast symptoms and general symp- 
toms covered by the scale. The patient was asked to mark the 
scale at a point which corresponded with the average level of 
her symptoms over the preceding 2 weeks. The scales were 
marked by measuring from the left-hand end to the mark made 
by the patient, thus giving a score in millimetres. A similar 
form was also completed at mid-cycle and sent back by post; 
this form covered the early part of the cycle. Thus an early and 
late cycle score was obtained for each symptom in each treat- 
ment cycle. 

Before the trial and at each visit in late cycle a venous blood 
sample was taken between 9.00 a.m. and noon for estimation 
of plasma prolactin, which was performed in a radioimmuno- 
assay system developed at the Tenovus Institute in Cardiff 
(Groom, 1977). Each patient also took her basal oral tempera- 
ture daily and this was plotted on a basal body temperature 
chart to allow estimation of cycle length and frequency of 
ovulatory cycles. Each patient was asked to use a mechanical 
method of contraception for the duration of the trial. 


Statistics 

The prolactin results were expressed as means with the standard 
error for the total placebo cycles and the total bromocriptine 
cycles and analysed using Student's z test. The linear analogue 
and simple scale results were expressed as means of placebo 
and bromocriptine cvcles for each individual patient and 
analysed by Wilcoxon's matched pairs signed rank test. For 
convenience, the linear analogue results were also grouped and 
the mean values for the pre-trial, placebo and bromocriptine 
cycles are discussed below. 


Results 

Of the 29 patients in the cyclical group, 8 were with- 
drawn from the study; owing to side effects in 4, 
to pregnancy in 2 and to an intercurrent illness in 2, 
thus leaving 21 patients who completed the six cycles. 
Three women in the non-cyclical group dropped out 
of the study owing to side effects, leaving 8 women for 
analysis. Thus approximately 17 per cent of patients 
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Fig. 1. An example of the linear analogue scale used. The 
breast and general symptoms measured are shown below the 
scale. 
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Fig. 2. Scattergram of the individual pre-trial plasma 
prolactin levels measured in late cycle. The bars represent 

the mean with 1 standard error and the dotted line represents 
the upper limit of normal. 


Cyclical pain 
(n=21) 


were unable to continue the trial owing to side effects, 
mainly nausea, vomiting, dizziness and headaches, 
which are all known side effects of bromocriptine. No 
patient suffered significant side effects while on placebo, 
but the 2 patients who became pregnant were taking 
placebo at the time. | 

The mean pre-trial prolactin levels in both groups 
(Fig. 2) were within the normal range for our labora- 
tory, 10-35 mu/100 ml, but 3 patients had values 
above the normal range although none had abnormal 
pituitary radiology or complained of galactorrhoea. 
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Table I: CYCLICAL PAIN GROUP: LINEAR ANALOGUE 
RESULTS 


Numbers of patients favouring either treatment 


Bromocriptine in benign breast disease 


Better on Better on No 
bromocriptine placebo change 
Breast symptoms 
Pain 14* 2 3 
Heaviness 16* 4 1 
Tenderness 18* 1 2 
Soreness ]4* 5 2 
Interference with 
sex life 12* 0 It 
General symptoms 
Headache 10 8 3 
Irritability 137 4 4 
Depressed 9 7 5 
Bloated stomach 9 6 6 
Wellbeing 14 6 | 
Tired 12 9 0 


* P—0-05 Wilcoxon's matched pairs signed rank test. 
T Eight not sexually active. 


Table Ill: TENDERNESS AND NODULARITY SCORES 
WITH PROLACTIN LEVELS IN THE CYCLICAL 
GROUP IN LATE CYCLE 


Plasma 

prolactin 

Tenderness Nodularity (mu/100 ml) 

Pre-trial 2-46 0:13 2:46-- 0-16 22-4.- M1 
(n2 21) 

Placebo 1-90--0:11 2-05 :- 0-09 24-8431 
(n — 48) 

Bromocriptine 1-34-- 0-06 1:68 +. 0-07 12:9-- 1:9 
{n= 50) 

Bromocriptine r. 
placebo P<0-001* P<0-01* P«001Itf 


Values are mean + standard error. 
* Wilcoxon's signed rank test. 
t Student's z test. 


Table Ii: TENDERNESS AND NODULARITY SCORES 
WITH PROLACTIN LEVELS IN THE NON-CYCLICAL 
GROUP IN LATE CYCLE 


Plasma 
prolactin 
Tenderness Nodularity (mu/100 ml) 
Pre-trial 2-01 +. 0-09 16340321 2074+29 
(n= 8) 
Placebo 1954-012 1-38 2.0°13 1754-23 
(n — 10) 
Bromocriptine 1:76 0-13 1-24 2-0-19 19-6+5-9 
(n = 13) 
Bromocriptine r. 
placebo n.s.* n.s.* n.s.t 


Values are mean -i- standard error. 
* Wilcoxon's signed rank test. 
+ Student's z test. 


In the cyclical group, the linear analogue results 
(Table 1, Fig. 3) showed marked improvement (in 
favour of bromocriptine) in all the breast symptoms 
measured. These improvements were all statistically 
significant at the 5 per cent level. Some of the general 
symptoms were also improved on bromocriptine 
(Fig. 4) but only the score for irritability reached 
statistical significance. These findings were confirmed 
by the clinician's assessment of tenderness and nodu- 
larity (Table ID, which also showed that bromo- 
criptine produced a significant reduction in these 
breast signs. This reduction of symptoms and signs 
was accompanied by a significant fall in the plasma 
prolactin levels (Table II) in these patients. 
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Fig. 4. The linear analogue results for the general symptoms occurred between placebo and bromocriptine cycles 


in the cyclical pain group. The star shows a significant 


difference at the 5 per cent level between placebo and group (Table III). Bromocriptine did not appear to 
bromocriptine using Wilcoxon's matched pairs signed rank reduce the prolactin levels in this group, although the 
ios number of samples available for analysis was small. 


The tablet counts showed that the great majority of 

In contrast, the non-cyclical group showed no tablets had been taken correctly and the basal body 
improvement in their breast symptoms (Fig. 5). temperature charts showed that the premenopausal 
Bromocriptine only improved one symptom, that of women had mainly ovulatory cycles. 
interference with sexual life, but this change was not 
statistically significant. Bromocriptine failed to im- Discussion 
prove the general symptoms in this group (Fig. 6) and The majority of women with painful breasts can be 
the scores for headache and bloated stomach were managed by adequate reassurance but a small number 
actually increased by bromocriptine. The clinician also of women experience breast pain and tenderness 
failed to observe any significant improvement in severe enough to interfere with everyday activities. In 
breast tenderness and nodularity in the non-cyclical contrast to existing empirical (and ineffective) 


therapies, bromocriptine provides the first logical 
approach to management. 

The assessment of symptoms such as breast pain is 
always difficult. We have chosen to use a linear 
analogue system in addition to a simple pain and 
tenderness scale because previous workers (Aitken, 
1969; Berry and Huskisson, 1972) have found it to be 
highly sensitive and to correlate well with other 
methods of measurement. This has been borne out in 
the present trial, where the results of the linear ana- 
logue have correlated well with the simple scale used 
by the clinician. The assessment form was readily 
accepted by the patients and we found its flexibility 
useful as it could be returned by post if an abnormally 
long or short menstrual cycle occurred. 

The two previous studies using bromocriptine for 
breast symptoms (Schulz et al., 1975; Martin-Comin 
et al, 1976) claimed improvement on a basis of 
results in small, uncontrolled studies. Andersen et al. 
(1977) reported a double blind study of the pre- 
menstrual syndrome in which improvement in breast 
pain was the only significant finding and Benedek- 
Jaszmann and Hearn-Sturtevant (1976) also noted 
improvement in breast symptoms during a trial of 
bromocriptine for premenstrual tension and infertility. 
We have confirmed these previous findings and 
extended them to show that only cyclical breast pain 
responds to the drug. This specific response may be 
due to the fact that the cyclical pattern of breast pain 
has a different aetiology from the non-cyclical group. 
Cyclical breast pain with upper outer quadrant 
nodularity in the premenstruum is widely thought to 
have a hormonal basis, whereas non-cyclical pain 
appears to have no relationship to the ovarian cycle. 
We have found this latter type of pain to be associated 
with the inflammatory phase of duct ectasia, a 
condition which has no obvious direct relationship to 
the endocrine system. The general (non-breast) 
symptoms of both groups did not respond to bromo- 
criptine, although irritability was improved in the 
cyclical group. This may well have resulted from the 
marked improvement in the breast symptoms. 

Bromocriptine is fairly well tolerated if an incre- 
mental dose is used at the beginning of therapy, 
although a small percentage of patients will be unable 
to tolerate the drug at all. The side effects, although 
initially alarming, tended to disappear if the drug was 
continued. Bromocriptine has been used at far higher 
doses of 10-20 mg for up to 25 months in the long 
term treatment of acromegaly without producing 
major side effects (Wass et al., 1977). 

The detailed role of prolactin in the pathogenesis of 
benign breast disease is still unknown and there does 
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not appear to be a simple relationship between the 
plasma prolactin level and the degree of breast pain 
in an individual patient. However, it is clear from these 
results that prolactin plays a significant role in benign 
breast disease, either directly or by modifying the 
ovarian hormones. These mechanisms await elucida- 
tion but, in the meantime, bromocriptine offers relief 
for the woman with cyclical pain. 

It is important that women with breast pain be 
divided into non-cyclical and cyclical groups before 
commencing bromocriptine treatment. At present 
there appears to be no point in treating non-cyclical 
pain in this way, since results are no better than with 
placebo and side effects can be annoying to some 
patients. 
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The clinical and economic effects of early return 
to work after elective inguinal hernia repair 


J. B. BOURKE AND M. TAYLOR* 


SUMMARY 

Since 1 January 1976 male patients of four consultant 
surgeons undergoing elective repair of a unilateral 
inguinal hernia have been included in a trial to see if 
‘early return to work or normal activity is associated 
with an increased recurrence rate and also to investigate 
any economic consequences. To date 295 patients have 
been entered into the trial and the first 150 have been 
reviewed at 1 year. There was a complete follow-up at 
I year. There was I recurrence (0-7 per cent) at I 
year, and this had occurred by the time the patient 
came to the clinic to be included in the trial. Patients 
supervised by their general practitioner were off work 
for 78-5 days, while those advised to return to work early 
were off work for 52-1 days. This difference of 25-4 days 
is significant at the 0-1 per cent level. Loss of earnings 
while off work was reported by 36-7 per cent of patients, 
and the average sum lost was £19-86 per week. Thus, 
patients lost £72-06 on average. If patients went back 
to work at 52 days instead of at 78 days, the benefit to 
the economy would be of the order of £7 m., and this 
‘early’ return to work is not associated with an increase 
in the recurrence rate at I year. 


The objective of operative treatment of an inguinal 
hernia is permanent cure and recurrence can only be 
regarded as failure. In order to reduce the risk of re- 
currence, rest in the postoperative period has been 
advocated. It was Bassini’s (1890) custom to place his 
patients in a plaster-of-Paris cast and to keep them in 
bed for 6 weeks after operation. Wakeley (1940) 
advised 2 weeks' bed-rest after herniorrhaphy, followed 
by a month's convalescence and the avoidance of 
heavy lifting for 6 months. Edwards (1943) recom- 
mended that all patients should spend 3 weeks in bed 
- after a hernia operation. He then advised 3-4 weeks in 
a convalescent home and, since he was describing a 
military system, 4-5 weeks in a convalescent depot. 
However, Edwards noted that 12 per cent of hernias 
repaired in this country recurred. More recently, Ross 
(1975) has shown that no correlation exists between 
the time off work and recurrence rate. Lichtenstein et 
al. (1970) have shown that surgical wounds in experi- 
mental studies derive little strength from the healing 
process and controlled observations showed that non- 
absorbable sutures impart 70 per cent of normal tissue 
strength to the freely sutured incision. This support is 
maintained indefinitely and is independent of wound 
healing, which restores only 40 per cent of normal 
tissue strength by the end of 2 months. These studies 
showed that tissue and suture strength are the only 
factors responsible for wound integrity in the early 
postoperative period, and provided the physiological 
rationale for permitting unrestricted physical exertion 
after surgery. In a series of over 2000 patients under- 
going primary hernia repair during a 15-year period, 
the recurrence rate was 0-9 per cent despite immediate 
postoperative resumption of normal activity (Lichten- 
stein and Shore, 1976). 


Glassow (1976) has pointed out that 12-5 per cent 
of all surgical admissions to general hospitals in 
Britain are for hernia repairs, and he noted that if the 
period of absence from work after discharge from 
hospital were shortened, the saving from a personal 
and a community viewpoint would be considerable, 
while the saving to the national economy would be 
immense and measurable in many millions of pounds. 
However, he gave no details. 

It was against this background that it was decided 
to investigate the effect of early return to work after 
inguinal herniorrhaphy on recurrence rate, and at the 
same time to study the economic consequence of 
decisions taken by doctors and/or their patients. 


Methods 

Questionnaire 

In order to investigate the current practice among general 
practitioners on their advice to patients on the timing of return 
to work or normal activity after elective inguinal herniorrhaphy, 
a questionnaire was sent with a covering letter of explanation 
to a random selection of 50 doctors. Prepaid reply envelopes 
were enclosed and 38 were returned. 


Clinical study 

Since 1 January 1976 male patients under the care of Messrs 
Bourke, Hopkinson and Makin and Professor Hardcastle 
have been admitted to the study. After discharge from hospital, 
where elective repair of a unilateral inguinal hernia had been 
undertaken, patients were seen 2-3 weeks later in a special 
clinic in the Department of Surgery at the General Hospital. 
All the repairs had to be carried out with a monofilament non- 
absorbable suture and were performed by any member of the 
surgical firm. Junior staff could only operate unsupervised 
when the consultant was satisfied as to the adequacy of their 
technique and their competence. Patients who had another 
procedure performed at the same time (e.g. excision of hydro- 
cele) were excluded. Emergency repairs have also been ex- 
cluded. 

When seen in the follow-up clinic, details were entered on an 
individual data sheet. An industrial history was taken and the 
patient allocated to one of four groups: 

I. Light work (e.g. office clerk, insurance agent, bank 
manager—-non-lifting occupations). 

2. Intermediate work (e.g. interior decorator who does not 
have to move ladders). 

3. Heavy work (e.g. faceworking miner, manual labourer-— 
heavy lifting and hard manual work). 

4, Retired and unemployed. 

Information about operative details were noted and data 
about postoperative wound and chest complications were 
recorded. 

The patient was then allocated randomly to one of two 
groups: either return to work or activity as supervised by his 
general practitioner, or early return to work. Those in the 
latter group had it explained to them that their herniorrhaphy 
was very sound and that thev could safely return to work or 
normal activity on the following Monday. Patients were asked 
to have their certification changed where necessary and a letter 
of explanation was sent to the general practitioner asking for 
his support and cooperation. 


* University Department of Surgery, City and General 
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Patients were given a card to return with a prepaid envelope. 
These cards were to be used for recording the date of return to 
full work/activity. If these cards had not been returned by 
6 months, a reminder was sent to the patient. 

Patients were then reviewed 1 year after operation. At this 
time the presence or absence of a recurrent hernia was decided 
by an independent assessor who was unaware to which group 
the patient belonged. A smoking history and a history of 
chronic chest disease were sought. The patients were asked 
about compensation and the amount obtained. Careful inquiry 
was also made about the patients’ income during the post- 
operative period and before return to work. 


Definitions 
Two definitions of recurrence have been used: 

1. A weakness in the operation area necessitating a further 
operation or the provision of a truss (Marsden, 1958). 

2. The presence of an expansile cough impulse (Shuttle- 
worth and Davies, 1960). 

A wound infection was defined as a free discharge of pus 
either spontaneously or after incision from the would (Ljung- 
qvist, 1964). A chest infection was defined as a productive 
cough with either appropriate physical signs or an abnormal 
chest X-ray. 


Results 

Questionnaire 

Fifty questionnaires were sent out and 38 (76 per cent) 
were returned. Thirty-one respondents were of the 
opinion that a period of inactivity after hernia repair 
helps to reduce the chances of a patient developing a 
recurrent hernia, 5 disagreed and 1 did not know. 
The mean recommended time off work was 53 days 
(range 28 days to 26 weeks). 

The questionnaire then asked if a distinction should 
be made according to occupation and all respondents 
agreed with this. The mean time advised for a light 
worker was 32 days (range 0-10 weeks), for an inter- 
mediate worker was 50 days (range 2-12 weeks), for a 
heavy worker was 71 days (range 4-26 weeks) and for a 
retired person was 46 days (range 0-12 weeks). 


Prospective trial 

On 1 April 1978 295 patients had been included in the 
study and the first 150 of these have been reviewed at 
1 year. There is a complete follow-up at 1 year and no 
patient is unaccounted for. 

Details about the patients are given in Table I. The 
two groups are similar with respect to work groups 
and the side and type of hernia. Two-thirds of hernias 
were of the indirect type. There were 11 wound in- 
fections (7-8 per cent). At 1 year all the wounds were 
well healed and there were no chronic wound 
sinuses. Sixty-seven (47:8 per cent) of the operations 
were carried out by consultants. The patients spent 
a mean time of under 5 days in hospital after 
operation. 

There was no difference in age between those re- 
turning to work in the general practitioner group 
(mean age 49-9 * 1-60 years) and the early return to 
work group (mean age 49-47 + 1-29 years). 

Nine patients have been excluded because they were 
found not to conform to the protocol at review. Four 
patients had bilateral hernias repaired. One patient 
had a hydrocele treated at the same time as bilateral 
inguinal hernias were repaired. One patient had bi- 
lateral epididymal cysts treated at the time of hernior- 
rhaphy. One each had a femoral and a spigelian hernia 
and a further patient was an emergency and not an 
elective repair. 
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Table I: COMPARATIVE DETAILS OF PATIENTS IN 
THE GENERAL PRACTITIONER AND EARLY 
MOBILIZATION GROUPS 


Early return to work after hernia repair 


General 
practitioner Early 
mobilization mobilization 
group (n= 69) group (n= 71) 
Work groups 
Light 8 14 
Intermediate 23 20 
Heavy 28 27 
Retired and unemployed 10 10 
Self-employed 3 2 
Side of hernia 
Lett 34 37 
Right 35 34 
Type of hernia 
Indirect 40 49 
Direct 24 19 
Shding 1 — 
Direct/indirect 4 3 


Complications 
Wound infection 4 7 
Chest infection 5 7 
Pulmonary embolus — 1 
Scrotal haematoma i — 
requiring incision and 


drainage 
Smokers 35 35 
Chronic chest disease 11 12 


Seniority of operator 


Senior house officer 23 31 
Registrar 7 

Senior registrar 3 1 
Consultant 36 31 


Days in hospital 4-98 4.57 


Table H: DETAILS OF THE 4 PATIENTS WHO 
DEVELOPED RECURRENT HERNIA 


Patient 1 Patient 2. Patient 3 Patient 4 
Group GP GP GP Early 
Work Inter- Inter- Inter- Heavy 
mediate mediate mediate 
Age 59 63 45 51 
Type of hernia Indirect Indirect Indirect Direct 
Wound No No No No 
infection 
Chest infection No No No No 
Days off work 145 82 72 128 
Smoker No Yes No No 
Chronic chest No Yes No No 
Disease 
Grade of Consultant Consultant Consultant Consultant 
surgeon 
Recurrence 


There was 1 recurrence at 2 weeks when the patient 
reported to the follow-up clinic. His recurrence was 
symptomatic and was repaired for a second time. It has 
since recurred, but he is at present asymptomatic and 
under review. 

Four further recurrences were detected by an in- 
dependent assessor, and these patients remain under 
review as 2 were unaware of the recurrence and the 
other 2 were asymptomatic. Details of the 4 patients 
are given in Table II. 
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Table HI: RECURRENCE RATES IN DIFFERENT 
SERIES 


Overall Reoperation 
recurrence recurrence 
Author rate (75) rate (7) 
Marsden (1958) — 70 
Shuttleworth and Davies 15-4 — 
(1960) 
Morris et al. (1968) 4-3 — 
Glasgow (1976) 0:4 — 
Lichtenstein and Shore (1976) c 0:9 
Devlin et al. (1977) 
a. Stainless steel wire — 0-8 
b. Polyester material — 8.1 
Bourke and Taylor (1978) 
One-year results 35 0-7 
Predicted results: 
Worst estimate 14-0 2:8 
Best estimate 9-5 1-9 


The overall recurrence rate at 1 year is therefore 5 
out of 141 patients (3-5 per cent). The recurrence rate 
as defined by the need for further operation at 1 year 
is 1 out of 141 patients (0-7 per cent). 


Financial information 

One hundred and twenty patients returned to work 
after herniorrhaphy. Sixty-three received the same 
money while off work after herniorrhaphy (52:5 per 
cent). Forty-four lost some money (36:7 per cent), 
while 13 (10-8 per cent) gained some money. The 
average sum of money gained was £7:19 per week 
(range £1:50—£30, median value £3 per week). The 
average sum of money lost was £19-86 per week (range 
£3-£70, median value £16 per week). 

Four claims for compensation by patients have been 
settled by 1 year, and these patients received a mean 
sum of £192.75 (£450, £156, £150 and £115). Five 
claims for compensation are still pending. 


Return to work and normal activity 

There were 59 patients in the general practitioner 
mobilization group and 61 in the early mobilization 
group who returned to work. The general practitioner 
group were off work for a mean of 78-5 days (range 
18-229 days), while the early mobilization group were 
off work for 57-2 days (range 23-128 days). However, 
early in the study it was discovered that a nationalized 
industry would not allow its employees back to work 
‘early’. These patients have, therefore, been excluded 
and the data recalculated. The mean general prac- 
titioner time was 77-5 days (range 18-229 days), and 
the mean early mobilization group time was 52:1 days 
(range 23-128 days, s.d. 23-1). The difference is 25-4 
days (t= 4-40, P < 0-001). 

In the retired and unemployed group the mean time 
off work in the general practitioner group was 39-7 
days (range 15-116 days) and in the early mobilization 
group was 35-8 days (range 23-112 days). In this 
retired/unemployed group there are 3 patients who 
have been unemployed for many years and it is doubt- 
ful if they will ever be gainfully employed again. 


Economic information 

In England and Wales 50 000 inguinal herniorrhaphies 
in men are performed per annum (Report, 1977). In 
Nottingham 9 out of 10 operations within this classifi- 
cation are elective inguinal herniorrhaphies. Thus if 


the practice of early return to work at about 8 weeks 
after herniorrhaphy was adopted throughout England 
and Wales, about 3212 working man years per year 
could be gained. In the present study 36:7 per cent of 
the patients would have over £72 more in their pockets. 
Patients as a whole would have £883 612 more money. 
The mean Social Security payment (Bourke, 1978) is 
£36.30 per week, and early return to work would 
have saved £5-92m. per year. Adoption of the 
policy reported in this study throughout England 
and Wales could benefit the economy by some 
£6:8 m. 


Discussion 

The 1-year results in this study show that it is possible 
for patients to go back to work after inguinal hernior- 
rhaphy earlier than if supervised by their general 
practitioners. However, it was originally hoped that 
patients would only have about 28 days off work after 
herniorrhaphy, whereas in fact the early group re- 
turned to work at 52 days— twice as long as was hoped. 
The general practitioner group returned to work at 
77 days. It is interesting to note that the recommended 
time by general practitioners in the questionnaire was 
53 days. Thus, the early group in this study achieved 
what the general practitioners recommended, while the 
general practitioners’ own achievement was 45 per 
cent more than their recommended time. It is sad to 
report that it is impossible, as yet, to alter the be- 
haviour of a nationalized industry. It is also interesting 
the amount of time that its workers 'convalesce' after 
herniorrhaphy: the shortest was 11 weeks and the 
longest was 23 weeks. 

The central part of any analysis of treatment of 
inguinal hernia is the recurrence rate. It has repeatedly 
been stressed (Glassow, 1976; Lichtenstein and Shore, 
1976) that long term follow-up is essential, and thus 
l-year figures must be treated with caution. However, 
data are available when recurrences occur and it is 
thus possible to estimate ultimate recurrence rates. 
The value of this technique in assessing elective 
inguinal herniorrhaphy versus a truss in the elderly 
has recently been established (Neuhauser, 1977). 
Lichtenstein and Shore (1976) suggested that only 25 
per cent of recurrences have occurred by 1 year, while 
Marsden (1958) found that 37 per cent of recurrent 
hernias had occurred by 1 year. Using these estimates 
and Marsden's (1958) restricted definition of a recur- 
rence, the worst estimate of the ultimate recurrence 
rate is 2-8 per cent and the best estimate is 1-9 per cent. 
Table III shows the recurrence rates from different 
series, and it can be seen that Devlin et al. (1977) had 
a 6-year recurrence rate of 0-8 per cent when stainless 
steel wire was used for the repair compared with an 
8-1 per cent recurrence rate when a polyester-based 
material was used. However, in contrast to the present 
study their follow-up was incomplete. It may well be 
that the use of a monfilament suture such as stainless 
steel wire is important, and the low 1-year recurrence 
rate using Marsden's (1958) definition obtained in this 
series may be due, in part, to the stipulation that poly- 
propylene or nylon must be used for the repair. It 
should be noted that the use of monofilament sutures 
appears in this series and in that of Devlin et al. (1977) 
to be associated with a reduction or disappearance in 
the occurrence of a sinus. 

Table H gives details about patients developing a 
bulge which satisfied the criteria of Shuttleworth and 


Davies (1960) for recurrence but were asymptomatic 
and are still under review. These patients stayed off 
work for extended periods, and wound or chest in- 
fection was not encountered. It is, perhaps, surprising 
that all were repaired by consultants! This is, perhaps, 
no more than a small number phenomenon, as 
almost half of the repairs were carried out by 
consultants. 

The wound infection rate is a little high for a clean 
operation at 7:8 per cent, but this should reduce to 
under 5 per cent when the next 100 patients are 
reviewed at 1 year. 

The most surprising part of the study was the finding 
that 36-7 per cent of patients lost an average of £19-86 
per week while off work after an operation. This may 
be the most compelling reason for attempting to 
change attitudes to time off work after herniorrhaphy, 
as return to work at 4 weeks would have made a big 
financial difference to these patients. 

The saving of £5.92 m per year in England and 
Wales on Social Security payments by patients return- 
ing to work at between 7 and 8 weeks could be further 
improved if patients started work at 28 days. 

Ross (1975) found no evidence that a prolonged 
period of convalescence did not reduce the subsequent 
recurrence rate. The present study suggests that 
patients can go back to work early without increasing 
the recurrence rate. It may well be that the most im- 
portant factor, as stressed by Devlin et al. (1977), is 
the use of a monofilament suture, and that if this is 
used patients can return to work at 4 weeks and 
the recurrence rate can be acceptably low. If this 
occurred, the economic advantages to the patients, the 
Social Security system and the economy would be of 
the order of over £15 m. per year. 
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A new method for the rapid measurement of body 


composition in critically ill surgical patients 
G. L. HILL, I. D. McCARTHY, J. P. COLLINS AND A. H. SMITH* 


SUMMARY 

A rapid, non-invasive method for the measurement of 
absolute amounts of fat, protein, minerals and water 
in the body has been developed which is applicable to 
very ill patients. The patient is weighed and skinfold 
thickness is measured with calipers. The body contents 
of potassium, nitrogen, sodium, chlorine, calcium and 
phosphorus are measured in a whole-body radiation 
counter after irradiation with fast neutrons. From these 
values absolute amounts of body fat, protein, minerals 
and water are calculated. The procedure, which takes 
about 40 min, is carried out with the patient lying 
supine on a couch. The errors in the absolute measure- 
ment of the components expressed as percentages of 
body weight are: for fat, 4-5 per cent; for protein, 1:6 
per cent; for minerals, 0-8 per cent; and for water, 
4-9 per cent. The radiation dose is equivalent to that 
of a chest radiograph (50 mrem). 

We have used this technique (a) to determine the 
tissue composition of the weight lost in 16 patients 
after excision of the rectum; (b) to establish that the 
weight gained by 16 patients receiving intravenous 
nutrition was mainly water; and (c) to show that in 
10 patients who received a simple solution of amino 
acids for 2 weeks after rectal excision body protein 
was preserved as efficiently as in 10 similar patients 
who received a full course of intravenous nutrition. 

This is the first time body weights of living persons 
have been broken down into terms of fat, protein, 
minerals and water, and the method should help to solve 
a number of metabolic and nutritional problems in 
clinical surgery. 


ASSESSMENT of therapy in surgical patients with meta- 
bolic or nutritional problems might be helped consider- 
ably if absolute amounts of fat, protein and water in 
the body could be determined directly. It could be 
valuable, for instance, in studies of nutritional therapy, 
to be able to break down the changes in body weight 
which have resulted from treatment with specific 
intravenous nutrient solutions; and there are prob- 
lems connected with obesity and massive weight 
loss which might be solved by such a method. It 
could lead, for example, to a definition of body pro- 
tein depletion and enable studies to be made of the 
effect of this condition on the outcome of surgical 
operations. 

We have taken advantage of the new technique 
of in vivo neutron activation analysis to develop a 
method for the measurement of protein, minerals, 
fat and water in the body which is applicable even 
to very ill surgical patients. 


Methods 

Determination of the total body protein 

The subject is irradiated bilaterally with high energy neutrons 
which deliver a dose equivalent of 50 mrem (about the same 
dose as that delivered during a chest radiograph) to the surface 
tissues of the body. The gamma radiation emitted by radio- 
nuclides induced by the neutrons is specific for various elements 
in the body. The complex spectrum from the patient is measured 


in a whole-body radiation counter and analysed to give the 
counting rates due to PN, a short-lived reaction product of 
nitrogen. This counting rate is corrected for decay and varia- 
tions in output of the neutron generator, and total body 
nitrogen is then calculated by multiplying the counting rates 
by a calibration factor. This calibration factor was derived 
from measurements of urea-filled anthropomorphic phantoms 
of a variety of shapes and sizes. Total body protein is calcu- 
lated from the total body nitrogen by multiplying by 6:25. 

The standard deviation (analytical error) is +54 g for total 
body nitrogen and the absolute error in the estimate of protein, 
including both systematic and random errors, is not more 
than 1:1 kg, i.e. about 1-6 per cent of body weight (Oxby et al., 
1978). 


The determination of body minerals 

The amounts of calcium, phosphorus, sodium, chlorine and 
potassium in the body are determined from the same gamma- 
ray spectrum that was used for the determination of total 
body nitrogen. The analysis gives the activities of the radio- 
nuclides, calcium-49, aluminium-28 (which comes from phos- 
phorus), sodium-24 and chlorine-38, which are produced by 
neutron activation, and potassium-40, which is a naturally 
occurring radionuclide of potassium. The masses of the 
original stable elements are then calculated by multiplying 
these activities by appropriate calibration factors. 

in this study the weight of body minerals is taken as the 
sum of the separate weights of calcium, phosphorus, potas- 
sium, sodium and chlorine. 

Although the coefficient of variation of repeated measure- 
ments of a subject of constant composition is large for total 
body minerals (about 30 per cent), the absolute error is small 
(less than 0-8 per cent of the body weight) because the total 
weight of the minerals (about 1-5 kg) constitutes only a small 
component of the body weight. 


The determination of body fat 

This is assessed from skinfold thickness by the method de- 
scribed by Durnin and Womersley (1974). The thickness of 
the biceps, triceps and subscapular skinfolds are each measured 
three times with a Holtain skinfold caliper according to a 
standard technique. The skinfold thickness is the sum of the 
means of the three measurements at these three sites, and 
using Durnin and Womersley's regression equations body 
density ís calculated from this. From this estimate of body 
density the percentage of body weight that is fat is calculated 
using Siri's (1956) equation: 


7 fat = | uie | -450x 100. 


density (g/ml) 
The standard deviation for the estimate of total body fat was 
--0-30 kg, calculated on the basis that the variance of the 
skinfold thickness was the sum of the variances of the measure- 
ments at the three separate sites. The absolute error in the 
estimate of fat is within -+4-5 per cent of the body weight. 


Calculation of the weight of water in the body 

The water in the body was calculated as the body weight 
minus the weights of the protein, minerals and fat. The abso- 
lute error of the body water estimation calculated in this way 
is +49 per cent of the body weight. 


Measurement procedure in practice 
The procedure, which takes about 40 min, begins in the ward. 
Nude body weight is measured to the nearest 0-1 kg using a 





* University Departments of Surgery and Medical Physics and 
Department of Nuclear Medicine, General Infirmary, Leeds. 


A CHOICE OF NEEDLES 
FOR SUTURING TOUGH TISSUE. 


The ETHICON* Trocar Needle The TAPERCUT* Needle 
for exceptional penetration deep in tissue providing the penetration of a cutting 
needle with the minimal trauma of a 
round bodied design 





ETHICON Ltd., P.O. Box 408, Bankhead Avenue, Edinburgh EH11 4HE, Scotland. 





o AC HOICE OF NEEDLES FOR TOUGH’ TISS UE 








calibrated Avery beam balance. The thicknesses of the biceps, 
triceps and subscapular skinfolds are measured with a Hol- 
tain caliper. The patient is then transferred to the irradiation 
facility where each side of his supine body is irradiated with 
neutrons for 40 s. He is then moved to the whole-body radia- 
tion counter where, while lying quietly on his back, the induced 
radioactivity is counted. The counter is contained in a small 
radiation-shielded room in which the patient is isolated during 
the 30-min counting period (Fig. 1). 

A computer read-out giving absolute values for body 
nitrogen and body minerals is available 10 min after the 
counting is completed. The calculation of body fat and body 
water is done in a few minutes on a desk calculator. 


Accuracy of the method 
Although protein, minerals and fat were determined independ- 
ently, the weight of body water was determined by difference, 
and therefore this estimate is dependent on the accuracy of the 
other measured values. We therefore measured total body 
water directly in 107 patients who were referred to us for 
nutritional assessment by determining the dilution in the 
body of 200 uCi of tritiated water administered intravenously, 
plasma samples being taken at 3 and 5 h (Williams et al., 1964). 

The accuracy of the method of breaking down body weight 
into terms of protein, minerals, fat and water was then assessed 
by adding together the weights of each of these components 
and comparing this weight with the measured body weight. 
Fig. 2 shows the sum of the weights of the four independently 
measured components of body composition—fat, protein, 
minerals and water— plotted against the measured body 
weight. The equation of the regression line of calculated 
weight (Wo) on measured weight (Wm) is: 

We = 433--0:92 Wu: 32 kg; r= 097; P<0-0001. 

The value of the intercept is not significantly different from 
zero, so that the line effectively passes through the origin. 

Fig. 2 also shows the close relationship between the indirectly 


estimated or ‘calculated’ body water (H,) and that measured 
directly by tritium dilution (H4). The regression equation is: 


Hy = 2:064-0-95 H,--3:5 kg; r= 0:89; P<0-0001. 


Results 

To date we have measured the components of body 
composition in nearly 200 patients, more than a third 
of whom were critically ill. Many of the patients we 
have studied have had measurements taken twice, 
and most of these have been done at some period 
soon after a major operation. Very ill patients were 
always accompanied by a doctor during the measur- 
ing procedure. 

Two female patients became claustrophobic and 
frightened while in the whole body counter and the 
measurement was not completed, but in all other 
cases it was concluded successfully. 

Although the method can be used clinically to 
assess changes in individuals, it has particular value 
when groups of patients are studied, and we have 
used it to determine (a) the tissue composition of 
the weight lost after surgery and (b) the tissue compo- 
sition of the weight gained by patients being fed 
intravenously. We have also studied the changes in 
body tissues which occur in patients who are receiv- 
ing protein-sparing therapy after major surgery. 


Tissue composition of weight lost after surgery 

Fig. 3 describes the composition of the weight lost by 
16 adult patients over the 2 weeks following the 
operation of rectal excision (8 patients had procto- 
colectomy and 8 patients abdominoperineal excision). 
For the group there was an average weight loss of 
4:1+0-@kg (mean s.e. mean). This was composed 


Measurement of body composition of critically ill 


733 


of 1-0-- 0-2 kg protein, 1-3+0-3 kg fat and 1-8 x 0-6 kg 
water. 

The proportion of the average body weight that 
was lost (6.9 per cent) did not accurately reflect the 
proportion of total body protein that was lost (10-4 
per cent) because there was a retention of water. Only 
5-3 per cent of the total body water was lost. 


Tissue composition of weight gain in surgical patients 
receiving intravenous hyperalimentation 

Fig. 4 is a graphical representation of the changes in 
body composition which occurred in 16 critically ill 
patients who gained weight over a 2-week period 
while being fed entirely by the intravenous route 
according to the technique of Duke and Dudrick 
(1975). The patients are arrayed according to the 
magnitude of the change in body weight. There was 
an average weight gain of 1:96+0-39kg but no 





Fig. 1. The supine patient is irradiated for 

80 s (40 s each side) with fast neutrons before 
being transferred to the whole body radiation 
counter where the induced radioactivity 

is counted for 30 min. 
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Fig. 2. Accuracy of the method: the sum of the weights 
(calculated weight) of the four independently measured 
components of body composition (fat, protein, minerals and 
water) is plotted against the measured body weight in the 
left-hand diagram. On the right the close relationship 
between calculated body water and body water measured 
by tritium dilution is shown. 
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significant change in either total body protein ( — 0-12 
t 0-31 kg) or total body fat (--0-52 x 0-31 kg). There 
was, however, a significant increase in body water of 
1:56 + 0:49 kg (P « 0-01), which was of the same order 
of magnitude as the weight increase. Fig. 4 shows 
that most of the weight gain observed in these patients 
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Fig. 3. The tissue composition of the weight lost by 16 
patients over 2 weeks following rectal excision. The 
percentage loss of each component of body composition 
is shown. 
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Fig. 4. Changes in body weight, protein, fat and water 
in 16 surgical patients who received intravenous hyper- 
alimentation over a 2-week period. The broken lines 
indicate the maximum difference between the measure- 
ments which can, with 95 per cent probability, be 
attributed to measurement error alone, 


who were being fed intravenously was due to water 
gain. 


Changes in body composition in patients receiving pro- 
tein-sparing therapy after major surgery 

Fig. 5 shows the changes in the four components of 
the body in 10 patients during the 2 weeks after 
proctocolectomy or abdominoperineal excision of the 
rectum. These are compared with the changes that 
occurred over the same period in 10 matched patients 
undergoing the same procedure who received addi- 
tional nutrition in the form of an infusion of amino 
acids without an energy source and 10 other matched 
patients who received postoperatively a full course of 
intravenous hyperalimentation. It can be seen that 
intravenous amino acids preserved body protein as 
effectively as a full course of intravenous nutrition, 
although a small amount of body fat was lost. Again 
water retention occurred in the patients treated with 
intravenous nutrition and this accounted, almost 
entirely, for the weight gain that was observed. The 
clinical aspects of this study have been fully described 
elsewhere (Collins et al., 1978). 


Discussion 

This rapid method for measuring absolute amounts 
of protein, minerals, fat and water in the body has 
helped our understanding of the tissue composition 
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Fig. 5. Changes that occurred over the 
first 2 postoperative weeks in body 
weight, protein, fat and water in 

10 controls, 10 patients treated with 
amino acids without an energy source 
and 10 patients treated with intravenous 
hyperalimentation. 


of weight changes that occur with different types of 
surgical treatment. In particular, we have been able 
to study changes occurring in very ill patients, and 
the results obtained so far have proved to have im- 
portant therapeutic implications. Others have studied 
the tissue composition of postoperative body weight 
loss, using nitrogen balance to study lean tissue 
changes (Gilder et al, 1962; Kinney et al, 1970; 
Elbute, 1974), indirect calorimetry for fat changes 
(Kinney et al., 1970) and total body water for water 
changes (Elwyn et al., 1975). These methods are, in 
general, time-consuming and laborious, and most 
studies in which they have been used have been con- 
cerned with small groups of patients, many of whom 
were not critically ill. 

The body may be considered to be made up of fat 
and fat-free material and the latter to consist of water, 
protein and minerals. In health the composition of 
the fat-free portion of the body remains constant 
once the stage of physiological maturity is reached, 
and a normal fat-free body is thought to contain 
about 73 per cent water (Pace and Rathbun, 1945). 
In surgical illness, however, no such constancy occurs 
and changes in body weight, not due to changes in 
body fat, may be due to changes in water or protein 
or both (changes in body minerals are quantitatively 
very small). The value of our method has been in 
determining whether a weight change, not due to fat, 
represents a change in body protein and body water 
in normal proportions. The results show, for instance, 
that an average of one kilogramme of body protein 
was lost by the group of 16 patients over the 2 weeks 
following rectal excision. If this amount of protein 
had been lost as wet lean tissue then it would have 
been accompanied by a loss of water of about 3:7 kg 
(wet lean tissue contains 213 g protein/kg—Widdow- 
son, 1965), but less than half of this amount of water 
was lost. Thus, a clinician using weight loss as a 
guide to lean tissue loss would have underestimated 
the problem. Furthermore, our results show that 
weight gains occurring in critically ill surgical patients 
being fed intravenously should be interpreted very 
cautiously; they are more likely to be due to gains 
in water than gains in protein. 

Although the method is of particular value for 
group studies, we do occasionally use it to study very 
complex patients who are being fed intravenously. 
For instance, it can be helpful to know long term 
changes in body protein occurring in critically ill 
patients where fluid losses or gains are large and 
nitrogen balance is impractical or impossible. It has 
yet to be shown, however, that the measurement of 
body protein has any real advantage over total body 
potassium measurements in such patients. 

In the future the technique of neutron activation 
analysis may allow more accurate studies of body 
minerals, particularly sodium and chlorine. With the 
radiation dose (50 mrem) we use at present physio- 
logical changes in these elements are not detectable, 
but with higher radiation doses (500 mrem) changes 
in sodium could be detected with the same precision 
as that presently available for nitrogen. We are also 
exploring the feasibility of partitioning the body 
water phase. We are using the technique of percu- 
taneous needle muscle biopsy to study the intra- 
muscular concentration of potassium in various 
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categories of surgical illness, and if the changes prove 
to be quantitatively small then it will be possible to use 
the total body potassium measurement (which is 
measured at the same time as total body nitrogen) to 
calculate intracellular water. 

Experience with this method has shown that it 
provides a new and probably practical approach to 
many problems in surgery. It might be applied, for 
instance, to study the effects of various treatments 
for morbid obesity. It might throw light on the 
difficult problem of the diagnosis of surgical mal- 
nutrition and it will help us in the future to test the 
effect of new nutritional therapies. 

Some of these problems are now being investigated, 
but others will soon become apparent to those who 
want the sort of information which the method can 
provide. 
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Evidence for an enterotropic hormone: compensatory 


hyperplasia in defunctioned bowel 
R. C. N, WILLIAMSON AND F. L. R. BAUER* 


SUMMARY 

The relative contributions of luminal and systemic 
Jactors to the development of compensatory intestinal 
hyperplasia were assessed by comparing the adaptive 
response to jejunal resection in functioning and defunc- 
tioned ileum. In Thiry-Vella loops of upper ileum, 
mucosal contents of RNA and DNA increased by 16- 
21 per cent 2-7 days after jejunectomy (P = 0-05-0-01), 
but DNA specific activity was unchanged. In lower 
ileum remaining in continuity with the nutrient stream, 
nucleic acids were elevated by 27-86 per cent (P « 0-001) 
and specific activity by 34—36 per cent (P = 0-05—0-005). 
Proximal to the site of resection, duodenal hyperplasia 
was equally rapid but less intense than in the distal 
bowel. Full adaptation requires both intraluminal 
nutrients and enterotropic hormones to be present. 


Loss of functioning intestine, from surgical excisica 
or exclusion or from limited segmental disease, pro- 
duces adaptive changes in the residual healthy bowel 
(Gleeson et al., 1972; Silk et al., 1975; Dowling, 1976). 
The predominant role of intraluminal nutrients in 
regulating this compensatory hyperplasia is shown 
by reduction in or absence of adaptation to partial 
resection or bypass in animals maintained by total 
parenteral nutrition (Feldman et al, 1976; Fenyó 
et al., 1976; Levine et al., 1976). Besides direct stimu- 
lation of mucosal growth (Dowling and Booth, 1967), 
oral feeding may influence intestinal cell proliferation 
indirectly (Dworkin et al., 1976; Spector et al., 1977), 
perhaps by means of gastrointestinal hormones. 
Humoral involvement in the control of adaptation is 
suggested by the rapidity and uniformity of the 
enteric response to jejunal transection and resection, 
and studies in cross-circulated rats confirm the exist- 
ence of a transmissible agent capable of stimulating 
cell proliferation in the gut (Williamson, Buchholtz 
et al., 1978). Hormonal factors might also explain 
greater initial adaptation distal to jejunal resection, 
as compared to bypass of a similar segment (William- 
son, Bauer et al, 1978a). Local and systemic influ- 
ences were compared in the present experiment by 
studying the response to proximal enterectomy in 
functioning and defunctioned segments of ileum. 


Materials and methods 

Male Sprague-Dawley rats (Holtzman Co., Madison, Wis- 
consin) weighing 170-220 g were allocated to one of three 
groups. Control rats had laparotomy with delivery and hand- 
ling of the entire small bowel (Fig. la). In the remaining 
animals, the small bowel was delivered and the combined 
jejunum and ileum was measured into quarters and divided 
at two sites, representing 50 and 75 per cent of the total dis- 
tance between the ligament of Treitz and the ileocaecal valve. 
The third quarter of jejunoileum was isolated as a Thiry- 
Vella fistula (TVF) by closure and invagination of the upper 
end and exteriorization of the lower end as an ileostomy. 
Creation of the TVF was performed either alone (TVF alone, 
Fig. 15) or with concomitant resection of the first and second 
quarters of the jejunoileum {TVF + resection, Fig. Ic). In both 
cases, intestinal continuity was restored by direct end-to-end 


anastomosis, leaving the fourth quarter of the jejunoileum in 
contact with the nuirient stream. 

Operations were performed under light ether anaesthesia 
between 0800 and 1200 h. Intestinal suture material was 6/0 
silk. The supply of food, but not water, was withdrawn at 
the time of operation and was restored after 24 h. Rats were 
killed by cervical dislocation either 48 h or 1 week postopera- 
tively. Rats to be killed at 48 h weighed slightly more (207 + 
8 g s.d.) at operation than those to be killed at 1 week (185 +- 
4 g) (Fig. 2). One hour before death each animal received a 
subcutaneous injection of 50 uCi *HTdR (New England 
Nuclear Corporation, Boston, Massachusetts). 

Immediately after death the small bowel was excised and 
flushed with ice-cold saline. Segments 5 cm in length were cut 
from the centre of the duodenum and the third and fourth 
quarters of jejunoileum (Fig. 1). The internal circumference 
of these three enteric segments was measured to the nearest 
0-5 mm. Mucosal scrapings were obtained from each segment, 
as previously described (Oscarson et al, 1977; Williamson, 
Bauer et al., 1978a; Williamson, Buchholtz et al., 1978), and 
were frozen in liquid nitrogen within 5 min of death for sub- 
sequent chemical analysis. 

Later, mucosal samples were thawed and homogenized in 
5 per cent (w/v) citric acid in 0-25 M sucrose. Contents of RNA 
and DNA were estimated by the method of Scott et al. (1956), 
modified by Hinrichs et al. (1964). Aliquots of the DNA frac- 


, ion were counted by liquid scintillation spectrometry at 25 


per cent efficiency, corrected by internal standardization. 
DNA specific activity was calculated by dividing the total 
radioactivity (dpm) incorporated into DNA by the total 
number of cells, i.e. the DNA content (mg). 

Statistical significance was assessed by Student's z test for 
unpaired data. 


Results 
Postoperative course 
Control rats lost 7-8 per cent of their body weight 
during the first 24 h after operation. After resumption 
of feeding they regained this loss within a further 24 h 
and during the next 5 days they increased their weight 
by 25 per cent. In rats with a Thiry- Vella fistula initial 
weight loss was generally greater and body weight 
remained lower than controls thereafter (P 0-005). 
Animals with jejunectomy in addition weighed least 
throughout the experiment (P = 0-01—0-001) (Fig. 2). 
Yields of live healthy rats at sacrifice were 100 per 
cent (control), 72 per cent (TVF alone) and 61 per 
cent (TVF + resection). Causes of death included 
anastomotic leakage and ischaemia of the Thiry— 
Vella loop. 


Duodenal adaptation 

Within 48 h of jejunal resection, limited hyperplasia 
of the duodenal mucosa was manifested by 15 per 
cent increments in RNA and DNA content over con- 
trol values, and by a 33 per cent increment in DNA 
specific activity (Fig. 3). One week after resection, 
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Fig. 1. Diagram to show operations performed. The numbers 


1, 2, 3 and 4 refer to the four quarters of the combined 
jejunum and ileum. Control animals (a) had laparotomy and 


handling of the bowel. Creation of a Thiry-Vella fistula from 


the third enteric quarter was performed either alone (b) or in 
association with resection of the first and second quarters 
(c). Five-centimetre segments (shaded) were cut from the 
centre of the duodenum, upper ileum (third quarter) and 
lower ileum (fourth quarter) for biochemical analysis. 
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lig. 2. Mean body weights of animals sacrificed 48 h 
or 1 week after operation. FVF, Thiry- Vella fistula. 


nucleic acids were 20-38 per cent higher and luminal 
circumference was 22 per cent greater (Table I) than 
in either of the other two groups, while specific 
activity remained 62 per cent higher than in controls. 
Creatign of an ileal Thiry-Vella fistula alone was 
without appreciable effect on the duodenum. 


Upper ileal adaptation 

Isolation of the upper ileal segment as a Thiry- Vella 
fistula caused no mucosal hypoplasia within 7 days, 
despite halving the circumference of the bowel (Table I). 
Although nucleic acids in the excluded loop were in- 
creased at 48 h and decreased at 1 week, none of the 
differences reached significance (Fig. 4). As in the 
duodenum, total radioactivity was unaltered by crea- 
tion of a Thiry-Vella fistula alone and changes in 
specific activity merely reflected changes in DNA 
content. Compared with values in normal ileum, how- 
ever, jejunectomy raised 48-h contents of RNA and 
DNA in defunctioned ileum by 18-21 per cent; incre- 
ments (16-19 per cent) were still detectable at 1 week, 
but specific activity was unaltered at either time. 
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Fig. 3. RNA and DNA contents and DNA specific 
activity in the duodenum after operation (means t s.e. 
mean). TVF, Thiry- Vella fistula. Number of rats is 
shown below the bars. Significance versus control: 

a, P« 0:05; b, P<001; c, P 0-005; d, P0001. 
Significance versus TVF alone: e, P<0-01; f, P —0-002. 


Table 1: CIRCUMFERENCE OF THE SMALL 
BOWEL 1 WEEK AFTER OPERATION 


Upper Lower 

No. Duodenum ileum ileum 

(mm) (mm) (mm) 

Contro! 9 9-4 --0-2 11:002 104-402 

TVF alone 8 9-5 --0:4 5.0--0-:6*  10-7--0:3 
TYF -resection JO 11-6-+-0-4*¢ 5$3-08* d4624.05*1 


Values are means--s.e. means. 

Significance versus control: *, P<0-001. 

Significance versus TYF alone: t, P«0:01; t, P<0-001. 
TVF, Thiry-Vella fistula. 


Lower ileal adaptation 

Despite unchanged values at 48 h, RNA and DNA 
were increased by 40 per cent over controls in the 
fourth quarter of jejunoileum 1 week after bypass of 
the third quarter alone (Fig. 5). The additional exci- 
sion of the first and second quarters caused 27—35 per 
cent elevations in nucleic acid values at 48 h, rising 
to 78-86 per cent elevations at 1 week. In ileum 
remaining in continuity with the nutrient stream, 
RNA and DNA were 20-30 per cent higher after 
TVF- resection than after TYF alone. Similarly, 
specific activity of DNA was increased by one-third 
over values in controls, both 48 h and 1 week after 
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Fig. 4. RNA and DNA contents and DNA specific 
activity in the upper ileum after operation (means + s.e. 
mean). TVF, Thiry- Vella fistula. Number of rats is shown 
below the bars. Significance versus control: a, P «0-05; 
b, P 0-01. Significance versus TVF alone: c, P «0-02; 

d, P «0-01. 


loss of the proximal three-quarters of the bowel, and 
these changes were accompanied by marked luminal 
dilatation (Table I). 


Discussion 

Post-resectional hyperplasia in Thiry-Vella loops of 
upper ileum strongly supports the involvement of 
systemic factors in the development of intestinal 
adaptation. The limited increments in RNA and DNA 
content and the absence of any change in DNA 
specific activity show that compensatory changes are 
of modest proportions in defunctioned bowel, and 
jejunal resection did not prevent profound luminal 
narrowing. Yet adaptation persisted for 7 days, and 
other studies have demonstrated hyperplasia in by- 
passed ileum 14 days after jejunectomy (Tilson and 
Wright, 1970) and in Thiry-Vella fistulas of both 
jejunal and ileal origin 30 days after mid-enterectomy 
(Hanson, Rijke et al., 1977). 

Hanson, Rijke and their colleagues (1977) suggest 
that alterations in intestinal blood flow may be the 
important systemic factor regulating adaptation. 
Radiorubidium distribution techniques have shown 
selective mucosal hyperaemia in residual ileum (but 
not jejunum) after mid-enterectomy, but compensa- 
tory hyperplasia was also confined to the distal small 
bowel (Touloukian and Spencer, 1972). In the present 
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Fig. 5. RNA and DNA contents and DNA specific 
activity in the lower ileum after operation (means +: s.e. 
mean). TYF, Thiry- Vella fistula. Number of rats is shown 
below the bars. Significance versus control: a, P «0:05; 

b, P«0:005; c, P« 0-001. Significance versus TVF alone: 
d, P «0-05; e, P< 0-005. 


experiment, as in most other reports (Dowling and 
Booth, 1967; Nygaard, 1967; Hanson, Osborne et al., 
1977a, b), adaptive changes occurred on both sides of 
the resected segment, although to a lesser degree proxi- 
mally. Moreover, the rapidity of onset of hyperplasia 
in the duodenum matched that previously encountered 
distal to the site of resection (Hanson, Osborne et al., 
1977a, b; Obertop et al., 1977; Williamson, Bauer et 
al., 1978a; Williamson, Buchholtz et al., 1978). Al- 
though experimental intestinal ischaemia can rapidly 
deplete the villus of epithelial cells (Rijke et al., 1976), 
we believe that changes in blood flow are as likely 
to be the effect as the cause of intestinal growth after 
partial tissue loss. 

Bypass of the upper ileal segment as a Thiry- Vella 
fistula caused mucosal hyperplasia in the lower ileum 
remaining in continuity, but changes did not occur 
until 1 week after operation. We have previously 
shown that distal adaptation to jejunal bypass is 
slower to develop than the response to equivalent 
resection (Williamson, Bauer et al, 1978a). This 
differential response is consistent with the hypothesis 
that cell proliferation in the gut is regulated by an 
inhibitory hormone, elaborated by intestine in con- 
tact with the nutrient stream. Resection would cause 
an abrupt fall in circulating levels of this inhibitor, 
whereas bypass would cause a progressive decline. 


One week after proximal enterectomy, increments 
in RNA and DNA content in functioning lower ileum 
were four times as great as increments in defunctioned 
upper ileum. Similar data in previous studies (Tilson 
and Wright, 1970; Hanson, Rijke et al., 1977) under- 
line the dominance of luminal factors in the control 
of intestinal adaptation. In rats linked by vascular 
parabiosis, jejunal resection in one animal stimulates 
thymidine uptake in the intact bowel of the unopera- 
ted partner; but nucleic acids are only increased in 
animals actually undergoing resection (Williamson, 
Buchholtz et al., 1978). Again, both local and systemic 
factors must be involved. Besides increasing the flow 
of upper alimentary secretions (Williamson, Bauer 
et al., 1978b), the presence of food in the gut prob- 
ably stimulates the release of one or more gastro- 
intestinal hormones capable of exerting a tropic 
influence on intestinal mucosa. Such mechanisms 
may account for atrophic changes in defunctioned 
bowel after withdrawal of oral food (Clarke, 1976; 
Dworkin et al., 1976) and for increased epithelial cell 
mass in the jejunum after ileal infusions of glucose 
(Spector et al., 1977). 

The absence of mucosal hypoplasia in defunctioned 
upper ileum in rats with a Thiry- Vella fistula alone 
contrasts with our previous finding of decreased 
nucleic acid contents in self-emptying jejunal blind 
loops after 48 h of exclusion (Williamson, Bauer et 
al, 1978a). Quite possibly, jejunal mucosa is more 
sensitive to deprivation of food than ileal mucosa, 
which is seldom exposed to high concentrations of 
intraluminal nutrients. Consistent with these data, 
other workers have shown reduced villous cell counts 
in Thiry-Vella loops of jejunum but not of ileum 
(Hanson, Rijke et al., 1977) and greater atrophy of 
starvation in proximal than distal small bowel (Imondi 
et al., 1968; Altmann, 1972). During the first few days 
after bypass, cell proliferation in the ileal Thiry-Vella 
fistula might be maintained by the effects of adjacent 
intestinal transection (Williamson, Buchholtz et al., 
1978). The tendency to lower RNA and DNA after 
7 days' absence of nutrients might be explained by 
the ephemeral nature of the response to transection. 
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Assessment of the nutritional state of patients 


with an intestinal fistula 


E. GROSS, I. B. HOLBROOK AND MARGARET THORNTON* 


SUMMARY 
The arm muscle area, derived fat-free mass, urinary 
excretion of 3-methylhistidine and creatinine were 
measured serially in a group of patients with an intest- 
inal fistula receiving prolonged nutritional support. 
While the two anthropometric tests appeared reason- 
able indicators of changes in muscle mass in these 
patients, the marked intra-individual variability in 
excretion of 3-methylhistidine and creatinine created 
problems in interpretation. 

It is suggested that more use be made of serial anthro- 
pometry in district general hospitals as an alternative, 
simple, measure of nutritional status. 


THE presence of malnutrition is being increasingly 
recognized in surgical patients throughout the coun- 
try. It may present not only as preoperative debility 
and weakness, but also as an underlying factor in 
many postoperative complications. A typical example 
in the postoperative period is the development of an 
intestinal fistula, a complication associated with con- 
siderable morbidity and a high mortality. Edmunds 
et al. (1960), from the Massachusetts General Hospital, 
reported a mortality rate of 60 per cent associated with 
malnutrition in fistula patients. Chapman et al. (1964) 
emphasized the importance of high calorie feeding in 
reducing the mortality rate, and the consequent in- 
creasing use of intravenous hyperalimentation was 
accompanied by mortality rates lowered to the order 
of 6:5-25 per cent (MacFadyen et al., 1973; Aguirre 
et al., 1974; Soeters et al., 1977). Similar results were 
obtained with the use of elemental diets (Rocchio et 
al., 1974). On this evidence nutritional treatment can 
truly be considered one of the ‘allies of surgery’ 
(Moynihan, 1927). 

In view of the important role now being played by 
nutritional treatment in the management of under- 
nourished patients, methods of quantifying changes in 
body composition are becoming a necessity. Our 
studies were designed to assess the arm muscle cross- 
sectional area, the derived fat-free mass, the urinary 
excretion of creatinine and the excretion of 3-methyl- 
histidine as alternatives to more commonly used 
measurements such as body weight, nitrogen balance 
and serum albumin. The tests were performed in a 
group of patients with fistulas at the beginning of 
their treatment and then serially over the following 
weeks to assess their response to prolonged nutri- 
tional support. 


Patients and methods 

Patients studied 

Single measurements of the anthropometric and biochemical 
markers described below were performed on 60 normal 
patients to allow the construction of control ranges. The 
mean age of the 30 male controls was 46:1 16:1 years (range 
19-72) and the mean age of the 30 female controls was 45.1 
16:1 years (range 18-74). All were clinically well nourished 
and were being operated on for benign conditions such as 
ingrowing toe nails, benign breast lumps, inguinal hernias or 
gallstones. 


Serial measurements were made at approximately weekly 
intervals on a group of 11 patients (6 males, 5 females) who 
developed intestinal fistulas following abdominal surgery. 
These patients were receiving either oral elemental nutrition 
(Vivonex, Eaton Laboratories) or a liquidized whole-protein 
diet based on casein and glucose polymer supplying 12 g of 
nitrogen and 2600 kcal of energy. The mean age of these 
patients was 58-5+15-5 years (range 23-78) and, as shown 
in Table I, they varied as regards the underlying pathology, 
the site of the fistula and the final outcome. Based on a fistula 
volume output of more than 200 ml/24h, 6 fistulas were 
defined as ‘high output’ in nature. 


Anthropometric measurements 

Skinfold thicknesses were measured by one member of the 
team (M. T.) at four sites of the body (biceps, triceps, sub- 
scapular and supra-iliac) using a Harpenden constant-pressure 
skinfold caliper (British Indicators Limited). The mean values 
for left and right sides were entered into the regression equa- 
tions of Durnin and Womersley (1974) to calculate the per- 
centage body fat which was then subtracted from the body 
weight to yield the derived fat-free mass (FFM). As the FFM 
calculated in this manner includes the weights of minerals 
and other organs, plus body fat not included by the skinfold 
technique, this variable represents merely a clinically useful 
approximation and does not directly equal the lean body 
mass. 

The mid-arm circumference was measured with a cloth 
tapemeasure at the mid-point of a line joining the olecranon 
and the tip of the acromion with the arm hanging relaxed by 
the side. The mean value for both sides plus the previously 
recorded triceps skinfold was then used in the equation of 
Gurney and Jelliffe (1973) to calculate the arm muscle cross- 
sectional area (AMA). 


Biochemical measurements 

A 24-h collection of urine was obtained from each normal 
subject without special dietary controls nor the addition of 
preservatives to the containers. Aliquots were stored at 4°C 
until analysed within a few days for creatinine, and at —20 ^C 
for 3-methylhistidine (GMH) as this was measured at a later 
date. Creatinine was determined using the modified alkaline— 
picrate reaction (Chasson et al., 1961) on a Technicon SMA 
6/60 autoanalyser. Urinary amino acid analysis for 3MH was 
carried out on a Jeol JUC6AH automatic ion-exchange analyser 
using a 12-cm column of sulphonated polystyrene resin (Jeol 
LCR2 resin). The buffer used was sodium citrate, pH 4:3, at 
a temperature of 35 *C, and the elution time was approximately 
130 min. Physiological B solution (Pierce Chemical Co.) was 
used as the standard. Before application to the column, the 
urine sample was deproteinized with 3-75 per cent sulphosali- 
cylic acid buffered to pH 1-8 (Mondino et al., 1972). 


Analysis of data 

When analysing group results, the Mann-Whitney U test was 
employed because of the skew distribution, noted especially 
with the urinary creatinine and 3MH. The individual serial 
results were compared to the 95 per cent range for their own 
sex, a value less than the lower limit of this range being 
considered abnormally low. 


Results 
Comparison of the initial nutritional assessment of 
the fistula patients as a group with the appropriate 
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Table 1: CLINICAL DETAILS OF PATIENTS WITH FISTULAS STUDIED 


* Patient Age 
Sex and no. (yr) 
MI 52 
M2 53 
M 3 56 
M 4 71 
MS 72 
M6 78 
F 1 23 
F? 45 
F3 60 
F4 66 
F5 68 





^0 
2 
^ 


9/, change AMA 





Site 


Small bowel 
Duodenum 

Small bowel 
Small bowel 
Duodenum 

Caecum 


Small bowel 
Small bowel 
Transverse colon 
Smali bowel 
Small bowel 


Ulcerative colitis C 


Duodenal ulcer 
Diverticulosis 


Umbilical hernia 


Duodenal ulcer 
Appendicitis 


Crohn’s disease 


Ulcerative colitis and carcinoma of colon 
Carcinoma of colon 

Carcinoma of colon 

Abdominal sepsis 


Pathology Closed/open Survived/died 
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Fig. 1. Percentage change in AMA measurements in 


patients with fistulas. 
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Fig. 2. Percentage change in urinary 3MH excretion 


in patients with fistulas. 
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Fig. 3. Percentage change in all four tests in the 
same patient. 


Table H: PERCENTAGE OF ABNORMALLY LOW 
RESULTS IN SERIAL MEASUREMENTS IN 
PATIENTS WITH FISTULAS 


AMA  FFM CR 3MH 


Abnormally low result 40/57 24/53 21/53 14/57 
Percentage 70-2 45-3 39-6 24-6 


CR, Creatinine; for other abbreviations see text, 


Table IH: AVERAGE NITROGEN BALANCE, WEIGHT 
CHANGE (INITIAL TO FINAL) AND INITIAL 
PLASMA ALBUMIN LEVELS IN PATIENTS 

WITH FISTULAS 


Average 

nitrogen Weight Plasma 

Patient balance change albumin 

Sex and no. (2/24 h) (kg) (g/l) 
M1 + 1-6 — Í 29 
M2 +27 —{()-2 34 
M 3 — 29 4-16 ai 
M 4 +49 — 36 26 
MS + 1-2 —]14 25 
M 6 454 —3 34 
Fi +55 —-5 34 
F 2 +5-6 —75 26 
F 3 4-2-6 —Q+3 29 
F 4 + 5:8 — 12 22 
F5 -+46 —À 27 
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controls showed significantly (P<0-01) lower values 
for the AMA, creatinine and 3MH, but not for FFM. 
At this stage, individual AMA values were abnorm- 
ally low in 6 patients, FFM was low in 3 patients, 
creatinine low in 4 and 3MH low in 2. The overall 
number of abnormally low values in all the results 
for the total time period is shown in Table I. The 
AMA was most often abnormal (70-2 per cent) while 
the 3MH was least often low (24-6 per cent). 

A better impression of the response to treatment 
was obtained by plotting all the results for each 
patient, as shown in Fig. 1. Here, as an example, the 
value for the AMA has been expressed as the per- 
centage change (increase or decrease) calculated from 
the initial value for each particular patient. Serial 
changes in AMA and FFM were similar, showing 
little variation, and they either remained positive to 
increase at a later stage (for example F3 and M3 in 
Fig. 1) or progressively decreased (for example M5 
in Fig. 1). 

Considerable variation was shown in the urinary 
excretion of 3MH, expressed as percentage change in 
Fig. 2. The urinary excretion of creatinine showed 
similar, synchronous, more accentuated weekly swings 
in the range +60 per cent. In the interests of clarity 
only the 3MH results for the 4 patients who died are 
shown in Fig, 2. A steady reduction in urinary 3MH 
can be seen. The survivors maintained their urinary 
3MH along the horizontal axis with only one patient 
showing greatly increased 3MH excretion. 

In Fig. 3 the percentage changes in all four tests in 
the same patient are shown. An apparently stable 
condition of the lean body mass is reflected by the 
serial anthropometry with the two biochemical tests 
demonstrating progressive reduction in levels and 
hence possibly conservation of muscle protein stores. 

The changes in body weight, overall mean nitrogen 
balance and plasma albumin levels are shown in 
Table III. Despite an overall mean positive nitrogen 
balance, most of the patients lost weight. 

Of the 11 patients in this small series, 4 died with 
the fistula still open while the remaining 7 all survived 
and obtained fistula closure. 


Discussion 

The establishment of prolonged nutritional support 
as a major element in fistula management underlines 
the need for methods of assessing the nutritional 
state of these patients and monitoring their response 
to treatment. Apart from obvious clinical improve- 
ment and fistula closure, the commonly used indi- 
cators of progress are changes in body weight, daily 
nitrogen balance and serum albumin levels. However, 
these tests are all subject to error; for example, over- 
enthusiastic fluid replacement or total body water 
translocations may produce a spurious increase in 
body weight, while adaptation to a low protein intake 
may lead to a false positive nitrogen balance. Plasma 
albumin levels may be preferentially maintained at 
normal levels until the late stages of depletion, in 
the face of severe erosion of the muscle protein com- 
partment. 

On the other hand, the most accurate measurements 
of the body cell mass, of which muscle protein forms 
a major segment, are infrequently performed, as 
they require expensive equipment or complicated 
techniques. These estimations are those of the total 
body potassium measured isotopically (Shizgal et al., 


1974) or with a whole body counter (Goode and 
Hawkins, 1978) and total body nitrogen using 
neutron activation analysis (Harvey et al., 1973). 

There is therefore a need for less complicated indi- 
cators of the state of muscle protein nutrition in 
undernourished or catabolic patients; indicators 
applicable with ease in the environment of the dis- 
trict general hospital. The methods do exist, having 
been extensively developed during field and hospital 
studies on children suffering from protein-calorie 
malnutrition (Jelliffe, 1966). It is only over the past 
few years that the tests are being extended to adult 
patients, a fact which is surprising as the methods 
are simple, cheap, quick and non-invasive. 

It is assumed that the anthropometric tests do 
indeed reflect the muscle protein status of the patient, 
provided that there is no clinical evidence of peri- 
pheral oedema. This has been well supported by the 
good correlations shown to exist between lean body 
mass as measured by whole body monitoring of total 
body potassium and the skinfold technique of measur- 
ing fat-free mass (Womersley et al., 1972; Goode and 
Hawkins, 1978). Similar relationships have been re- 
ported between fat-free mass and arm-muscle circum- 
ference and total body nitrogen measured by neutron 
activation analysis (Collins et al., 1977). The AMA 
is a simple extension of the arm-muscle circumference 
and represents a two-dimensional slice through the 
muscle protein store at the mid-arm level, ignoring 
the small amount of bone at the centre. Being in- 
dependent of weight in its formulation, it is possibly 
more relevant than FFM as a serial indicator in the 
undernourished patient, and it is also much easier to 
calculate. 

In this small series of patients with fistulas the two 
anthropometric measurements appeared to march in 
tandem and mirrored the clinical course of the patient. 
Fig. 1 shows the stable maintenance of the muscle 
protein store in some of the patients as measured by 
the AMA. In one of the males who subsequently 
died (M 5 in Fig. 1), a relentless downhill course was 
echoed by the progressive reduction in both the AMA 
and FFM. The 10-kg loss of FFM and the 16 cm? 
reduction in AMA suffered by this patient was the 
maximum recorded in the group. 

Since the urinary excretion of creatinine and 3MH 
represent end products of muscle protein breakdown, 
their measurement will reflect changes in muscle mass 
during starvation. Despite controversy over the use 
of creatinine as a precise marker of muscle mass, 
comparison with the lean body mass as measured by 
total body potassium counting (Forbes and Bruining, 
1976) supports its use as a biochemical method of 
assessment. It is accepted that day-to-day variation 
in urinary creatinine excretion may make interpreta- 
tion difficult and the use of 3-day average values may 
eliminate some of the variability. 

The urinary excretion of 3MH appears to be a 
more specific marker of muscle protein breakdown 
(Young et al., 1973) and is hopefully of clinical value 
in nutritional assessment. After the synthesis of the 
actin and myosin peptide chains has taken place, 
methylation of histidine residues results in the forma- 
tion of 3MH. This unique amino acid is liberated 
following muscle protein breakdown and is not re- 
utilized elsewhere in the body for protein synthesis. 
Instead, it is excreted quantitatively in the urine 
where it can be measured by amino acid analysis. 


Once again a complete 24-h urine collection is 
required and this can present difficulties on a busy 
general surgical ward. Progressively low values have 
been recorded in undernourished children (Narasinga 
Rao and Nagabhushan, 1973) and similar results 
would be anticipated in malnourished adult patients. 

The fistula patients who died showed progressive 
reductions in urinary 3MH excretion (Fig. 2), thus 
implying conservation. of muscle protein and the 
ultimate maintenance of the lean body mass. Despite 
the marked variability in excretion, similar to that 
seen in creatinine excretion, the two biochemical 
indices appeared to match each other in their reflec- 
tion of events at muscle protein level. 

Serial measurement of AMA and FFM in this 
small series of patients with fistulas has been shown 
to be simple, quick and of great value in monitoring 
progressive changes during treatment, Unfortunately, 
the marked variability in the urinary excretion of 
creatinine and 3MH places restraints on the wide- 
spread use of these two tests in nutritional assessment. 
It is possible that the average of a number of collec- 
tions would eliminate or at least reduce the variation, 
but in the case of 3MH this would place an unaccept- 
able load on analyser facilities. It is recommended, 
therefore, that in the district general hospital environ- 
ment increasing use should be made of serial anthro- 
pometry as a guide to nutritional status. 
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The aldosterone response to surgery and the 
relationship of this response to postoperative 


sodium retention 
J. P. S. COCHRANE* 


SUMMARY 

To investigate whether the aldosterone response to 
surgery is ‘inevitable’ and whether it is the prime cause 
of postoperative sodium retention, 30 patients under- 
going uncomplicated cholecystectomy were given four 
different postoperative intravenous intakes (either ‘low’ 
or ‘high’ sodium, with and without dextran). Patients 
on the low sodium intake—a conventional intake of 
approximately 75 mmol of sodium daily—had a sixfold 
increase in their plasma aldosterone levels on the day of 
operation, which slowly declined to the preoperative 
level by the fifth day after operation. Patients on a high 
sodium intake, which was between two and three times 
the low sodium intake, showed only a modest rise (two- 
fold), which returned to the preoperative level within 
8 h of operation. These aldosterone responses appeared 
to be caused by at least two stimuli, with the evidence 
suggesting that ACTH and renin were both involved. 

Patients on the high sodium intake had the highest 
positive sodium balance, amounting to approximately 
400 mmol of sodium retained by day 4 after operation, 
despite the fact that the plasma aldosterone level had 
returned to the preoperative level within 8 h of operation, 
and thereafter remained below it. No clear evidence was 
found to show that the plasma aldosterone level had any 
significant relationship to the amount of sodium each 
patient retained. The sodium retained was found to be 
a similar proportion of the sodium intake whether the 
intake was low or high, the addition of dextran making 
no consistent difference. 

Analysis of the data produced the incidental finding of 
an increasingly significant correlation, over the 5 post- 
operative days studied, between the proportion of 
sodium retained and the patient’s preoperative systolic 
blood pressure. It has long been known that patients 
with a raised blood pressure excrete a sodium load more 
rapidly than normotensive patients, but this effect on 
sodium balance after operation has not previously been 
recorded, 


It has been known for over 40 years that major surgery 
is accompanied by sodium retention (Coller et al., 
1936), and even earlier it had been suggested that saline 
was not handled normally after the administration of 
anaesthetic agents (Magnus, 1899) or surgery (Evans, 
1911; Trout, 1913; Jones and Eaton, 1933). However, 
it is still not clear whether the sodium retention occurs 
because there is a temporary inability of the kidneys 
to excrete sodium after trauma, the retained sodium 
being surplus to the needs of the body at this time, or 
whether the retention represents a response to a need 
for extra sodium to fill a fluid volume deficit. That such 
a deficit occurs was suggested by the studies of Shires 
et al. (1961), which have been the basis of the wide- 
spread practice of giving large volumes of balanced 
sodium postoperatively, but the interpretation of 
their findings has been disputed (Cleland et al., 1966; 


Roth et al., 1969). In either event aldosterone could 
be the agent responsible for the sodium retention, in 
the first instance secreted as part of a primary adreno- 
cortical response to operation, and in the second in 
response to hypovolaemia; if the latter instance is 
correct then it should be possible to suppress the 
aldosterone response by fluid replacement. 

With the development of improved techniques of 
plasma aldosterone measurement, it has become 
possible to carry out a study of the aldosterone 
response to surgery, which focused on two questions: 

l. Is an aldosterone response to surgery inevitable ? 

2. Is aldosterone the prime cause of sodium reten- 
tion after operation? 


Patients and methods 

Only patients undergoing cholecystectomy were studied, in 
order to keep the operative stress as uniform as possible. 
Patients were excluded from the study if they were taking any 
medication, had any cardiac, renal or endocrine disease, de- 
veloped any postoperative complication, needed exploration of 
the common bile duct or the operative blood loss exceeded 
200 ml. No patient was given a blood transfusion. For 3 days 
before operation they were given a diet containing 80 mmol 
each of sodium and potassium, and were excluded from the 
study if their sodium output on the day before operation 
differed by more than 30 mmol from the intake. 

Initially, patients were allocated at random to two groups, 
one group of 8 patients receiving a conventional sodium intake 
(low salt group, LS), and, in an attempt to suppress the aldo- 
sterone response, the other group of 8 patients being given an 
increased sodium intake, with 1 litre of dextran 70 on the 
operation day to ensure that both intravascular and extra- 
vascular components of the extracellular fluid were maintained 
(high salt and dextran group, HS/D); details of the intakes are 
shown in Table I. In most cases all the electrolyte intake on 
postoperative days 1—5 was given intravenously, but in a few 
patients it was given orally on day 5; no patient received food 
on these days. 


Table I: FLUID INTAKES AFTER OPERATION 
Operation After operation 
Group Day | Day 2 Days 3~5 


Low saht (LS) 75 mmol Na* 75 mmol Na+ 77 mmol Na+ 
2 litres water 3 litres water 80 mmol K+ 
75 g dextrose 125 g dextrose 3 litres water 


100 g dextrose 
High salt 259 mmol Na+ 150 mmol Na+ 152 mmol Na+ 
and | litre dextran 3 litres water 80 mmol K+ 
dextran 70g dextrose 100 g dextrose 3 litres water 
(HS/D) 75 g dextrose 


Following this initial study, two further groups of patients 
were studied: one group of 7 patients received the same sodium 
intake as the LS group with the addition of 1 litre of dextran 
on the operation day (low salt and dextran group, LS/D), 
and the other group of 7 patients received the same sodium 
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Fig. 1. Haematocrit changes. Preoperative median values 
were 41 per cent (LS) and 40 per cent (HS/D). In Figs. 1-4 
the median value of each group is shown and the changes 
expressed as a percentage of the preoperative value. 
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Fig. 2. Plasma aldosterone changes. Preoperative median 
values were 208 pmol/l (LS) and 269 pmol/I (HS/D). 
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Fig. 3. Plasma cortisol changes. Preoperative median values 
were 290 nmol/l (LS) and 415 nmol/l (HS/D). 


intake as the HS/D group but without the dextran (high salt 
group, HS). 

In all the patients induction of anaesthesia started at 08.30 h. 
On the operation day 10 blood samples were taken at the 
following times: 10 min before the induction of anaesthesia, 
15 min after the start of operation and then after a further 3, 
1, 14, 2, 3, 5, 7 and 9 h with morning and evening samples on 
the following 4 days (at 08.00 and 20.00 h). For the purposes 
of plotting the results, times have been adiusted as though all 
the operations started at exactly 08.45 h. Samples were taken 
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Fig. 4. Plasma renin activity changes. Preoperative median 
values were 1:57 pmol h -! ml ~ (LS) and 1-45 pmol h^?! ml 7! 
(HS/D). 
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Fig. 5. Cumulative sodium balance. Each line shows the 
median value of the group, and significant differences between 
groups, according to the Wilcoxon test, are indicated by 
asterisks (**P<0-01, *P< 0-05). 
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Fig. 6. Percentage of sodium intake retained by individual 
patients on day 5. 


through a superior vena caval catheter introduced via the 
cubital fossa, and a total of 90 ml of blood was taken over the 
5 days. On each sample, as well as measuring the haematocrit, 
plasma aldosterone was measured by a modification of the 
radio-immunoassay method of Jowett et al. (1973); also 
measured were plasma renin activity (by the method of Menard 
and Catt, 1972) plasma potassium and plasma cortisol 
(measured by Cortipac, Amersham. as an indirect estimation 
of the changes in plasma ACTH). Urine output of sodium and 
potassium was measured for 3 preoperative and 5 postoperative 
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Fig. 7. Regression line for preoperative blood pressure and 
percentage sodium retention on day 5. 


Table Il: P VALUES OF SPEARMAN'S CORRELATION 
COEFFICIENTS FOR PERCENTAGE SODIUM 
RETENTION 


Correlation 
with: Day 2 Day 3 Day 4 


Age — — -— < 0-02 

Weight — — -=== < 0-05 

Height — — — — 

Lean body — — — — 
mass 

Blood r= —(097 r= —036 r= —0 593 r= —-0:7832 
pressure NS NS «0-01 « 0-001 
(systolic) 

Duration of — — — — 
operation 

Preoperative — -—— 
Na * 
balance 

Preoperative — — — — 
K * balance 


Day 5 


« 0-05 <0-01 « 0:01 


Lean body mass calculated from the formula given by Hume 
(1966). Preoperative electrolyte balance taken as the balance 
on the day before operation. 


days, but patients were not catheterized as this was considered 
ethically unacceptable. 

Standard anaesthetic techniques were used, with methadone 
and atropine premedication, thiopentone induction and nitrous 
oxide. oxygen and halothane together with a muscle relaxant; 
methadone was used for postoperative analgesia. 

In the results of the different groups reported here, the 
median value of each group has been plotted and the changes 
expressed as a percentage of the preoperative levels. Differences 
between groups were tested with the Wilcoxon test. 


Results 
The haematocrit changes in the LS and HS/D groups 
(Fig. 1) suggest that a slight fall in plasma volume 
occurred in the LS group on the operation day, but 
that in contrast plasma volume was expanded in the 
HS/D group. Changes after operation day are difficult 
tointerpret because of possible changes in red cell mass. 
The plasma aldosterone levels (Fig. 2) show an 
abrupt rise in the LS group, which was significant after 
1 h, and it rose to 611 per cent of the preoperative level 
2 h after the start of operation; it only fell below the 
preoperative level at the end of day 5. The aldosterone 
response was largely suppressed by the HS/D intake, 
the group results being significantly lower than those 
of the LS group at each time interval from 1 h after 
the start of operation until the end of day 3, and the 
20.00 h sample on day 2 was only 45 per cent of the 


preoperative level. However, there was still an initial 
rise, which was significant from 1 to 34h after the 
start of operation. 

The plasma cortisol responses (Fig. 3) were similar 
in both groups and had fallen below the preoperative 
levels by 48 h after the operation. The changes in 
plasma renin activity (Fig. 4) show a twofold rise in 
the LS group, and the level was still raised in this 
group on day 5; in contrast the HS/D group shows a 
smaller short-lived rise and the groups were signi- 
ficantly different from 23 h after the start of operation 
until the morning of day 5. The plasma potassium 
levels were slightly higher in the LS group than the 
HS/D group but never significantly higher at any 
one time; there was no significant correlation 
(Spearman's r) between plasma potassium levels in 
individual blood samples and the plasma aldosterone 
in either group. There were highly significant correla- 
tions between plasma aldosterone levels and plasma 
cortisol (P « 0-0005) and plasma aldosterone and 
plasma renin activity (P « 0-0005). 

The cumulative sodium balance of the two groups 
(Fig. 5) shows that the HS/D group retained most 
sodium, reaching a positive balance of 417 mmol by 
day 3 when the LS group had only retained 162 mmol. 
Although the positive balances of the two groups 
differ significantly, the proportion of the sodium in- 
take retained by each group was similar, e.g. on day 4 
the LS group had retained 61 per cent (median value 
of the group) and the HS/D group 56 per cent of the 
intake. 

In the two further groups studied (LS/D and HS 
groups) the plasma aldosterone changes were inter- 
mediate between those of the LS and HS/D groups, 
showing that aldosterone was suppressed but not as 
effectively as when both sodium and dextran were 
given together. The cumulative sodium balance again 
followed the same pattern, with the retention being a 
similar proportion of the sodium intake in all four 
groups, addition of dextran making no consistent 
difference. 

Although there was in general a similarity in the 
percentage of sodium retained by each group, there 
was considerable variation within each group, the 
variation for day 5 being shown in Fig. 6. The figures 
for sodium retention and plasma aldosterone levels 
for all the patients on each day of the study were 
examined to see if there was any correlation between 
them, but none could be found. A search was then 
made for other factors that might cause these vari- 
ations, and the P values of Spearman's correlation 
coefficients for eight such factors are shown in Table II. 
A correlation that became increasingly significant over 
the 5 postoperative days was found with the patients' 
preoperative systolic blood pressure (the mean of three 
supine measurements) The other factors with sig- 
nificant correlations (age, weight and preoperative 
sodium balance) all have significant correlations with 
blood pressure; the only one of these that has a 
significant correlation with sodium retention after 
allowing for blood pressure is preoperative sodium 
balance, and then only with the day 5 sodium retention 
percentage (P « 0-05). Both percentage sodium reten- 
tion and blood pressure readings were shown not to 
differ significantly from a normal distribution, allow- 
ing their relationship to be examined by regression 
analysis, and Fig. 7 shows the data for day 5. Thus the 
mean sodium retention by day 5 for a patient with a 


blood pressure of 110 mm Hg was almost half the 
sodium intake, but for a patient with a blood pressure 
of 170 mm Hg it was almost nil by this time. 


Discussion 

This study has defined the plasma aldosterone 
responses to uncomplicated upper abdominal surgery. 
Since previous studies have shown no significant 
alteration in the metabolism or excretion of aldoster- 
one after surgery (Le Quesne, 1967) these changes in 
plasma levels should reflect changes in secretion rate. 
They confirm the conclusions from previous studies 
of the urinary excretion of aldosterone (Llaurado, 
1955) that there is an aldosterone response to surgery. 

It would appear that a transient rise in plasma 
aldosterone on the operation day is an inevitable 
response to major surgery, and the partial suppression 
of the aldosterone response by sodium loading suggests 
that there is probably more than one stimulus causing 
this response in the LS group. The three known 
stimuli to aldosterone secretion are rises in plasma 
ACTH, in plasma renin activity and in plasma 
potassium concentration. It seems likely that ACTH 
and renin, but not potassium, are the principal causes 
of this response because of their highly significant 
correlations with the aldosterone changes in individual 
blood samples. The ACTH and part of the peropera- 
tive renin response (Pettinger et al., 1975) are probably 
inevitable consequences of major surgery. The con- 
tinuing rise of renin and aldosterone in the LS group, 
which was suppressed by giving more sodium and 
dextran, is compatible with a fall in functional 
extracellular fluid volume occurring, but still does not 
prove this. Although plasma aldosterone was sup- 
pressed on postoperative days 2-5 in the HS/D group 
it was not suppressed quite as completely as would 
normally be expected with the sodium intakes given. 

The continuing increase in the positive cumulative 
sodium balance in the HS/D group, reaching over 
400 mmol of sodium retained, and the low plasma 
aldosterone levels found suggest that aldosterone 
cannot be the prime cause of this sodium retention. 
Nevertheless, if a patient becomes hypovolaemic after 
surgery there is no reason to doubt that aldosterone 
will then play a part in causing sodium retention. 

An incidental finding in this study is the relationship 
between sodium retention and the preoperative blood 
pressure. It seems likely that this is a causal relation- 
ship since it has been known for many years that a 
saline load is excreted at a rate proportional to the 
systemic blood pressure (Farnsworth and Barker, 
1943; Baldwin et al., 1958; Cottier et al., 1958), and 
earlier experimental work had noted that saline 
excretion was related to intrinsic renal pressure 
(Richards and Plant, 1922) It appears that the 
hydrostatic pressure gradient across the proximal 
tubular capillary is dominant in controlling proximal 
tubular sodium reabsorption (Earley and Friedler, 
1965). The increasing correlation found in this study 
over the 5 postoperative days may arise because the 
intrinsic renal pressure is altered immediately after 
operation by changes in systemic blood pressure, or 
by renal vasoconstriction, returning to its preoperative 
level by the third or fourth day after operation. 

This study has not defined the causes of post- 
operative sodium retention, but it has suggested that 
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factors other than aldosterone must be present. It 
clearly shows that the greater the sodium intake, the 
greater will be the retention, and that when this 
retained sodium comes to be excreted the rate of its 
excretion is considerably influenced by the patient's 
blood pressure. 
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Amoebic perforation of the bowel: 


experiences with 26 cases 


F. C. EGGLESTON, M. VERGHESE AND A. K. HANDA* 


SUMMARY 

Over a period of 144 years, 26 instances of amoebic 
perforation of the bowel occurring in 25 patients were 
treated surgically. Nineteen perforations occurred in 
males and 7 in females, whose ages ranged from 3 to 
74 years. The duration of symptoms varied from 12h 
up to 5 months (average 15 days). All patients were 
toxic and a right lower quadrant mass was present in 
14. The correct diagnosis was made or suspected in 14 
(54 per cent). 

Amoebic perforation of the bowel should be suspected 
in patients presenting with an acute abdomen if a past 
history of fever, pain and diarrhoea is obtained, particu- 
larly if a large tender mass is present in the right 
iliac fossa. 

Resectional surgery was performed in 7 patients, 
with a mortality of 71 per cent, whereas procedures 
designed to divert the faecal stream were carried out 
in 19, with a mortality of 43 per cent. All 6 patients 
with concomitant liver abscesses died. If these patients 
are excluded, the mortality from resections was 60 per 
cent and from faecal diversion 27 per cent. 

Faecal diversion with wide drainage is the treatment 
of choice for amoebic perforation of the colon. 


PERFORATION of the colon is a rare but frequently 
fatal complication of amoebiasis. Owing to varying 
presentations, the condition is often not diagnosed 
preoperatively and may be missed in the operating 
room. Furthermore, there is no general agreement on 
the method of operative management. This paper 
presents an analysis of these problems. 


Patients and methods 

From January 1963 to June 1977, 1320 patients were treated 
for amoebiasis as inpatients. Of these, 25 patients had 26 
instances of perforation of the bowel-—-an incidence of 2 per 
cent. The one patient who had a perforation on two occasions 
is considered as two separate cases. 

Instances of perforation into the retrocaecal tissues as well 
as into the free peritoneal cavity are included in this study 
as there was no significant difference in the clinical presen- 
tation, operative management or mortality rate. Retrocaecal 
perforation occurred 8 times. 


Diagnosis 
The diagnosis was proved by the demonstration of Entamoeba 
histolytica in the stool or in biopsy material in 20 patients. 
The diagnosis was confirmed bv the presence of associated 
amoebic liver abscesses in 2 patients and by a positive haemag- 
glutination test in 1. In the other 3 cases the clinical findings 
were identical to those in proved cases and other causes of 
disease had been excluded. 

Except for a child of 3 years, the patients’ ages were evenly 
distributed between 20 and 74 years with a mean of 48. Nine- 
teen patients were male and 17 female (Table I). 


Table 1: AGE AND SEX OF PATIENTS IN 
THE SERIES 








Age (yr) Male Female Total 
0-9 i 0 l 
10-19 0 0 0 
20-29 3 1 4 
30-39 j i 2 
40-49 4 | 5 
50-59 2 2 4 
60-69 4 i 5 
70+ 4 1 5 
Total 19 7 26 
Table IL: DURATION OF SYMPTOMS 
Duration (weeks) No. p^ 
<] 7 27 
1-2 E 42 
2-3 3 12 
3-4 2 8 
2-4 (max. 5 mth) 3 12 


Symptomatology and past history 

The duration of symptoms ranged from a few hours to 5 
months (Table I1), with a mean duration of 15 days (excluding 
the one patient with symptoms lasting 5 months). However, 
patients having chronic symptoms had all had recent exacer- 
bations. 

The most common presentation. was that of an acute 
abdomen (Table Ill). Pain was often sudden in onset and 
increased gradually in severity. It was frequently colicky. 

Past history was significant in 9 instances. Two patients 
had received previous treatment for amoebiasis (amoeboma, 
perforation), 2 were diabetic, 2 were recovering from major 
surgery, 2 were opium addicts and 1 was an alcoholic. Three 
patients received anti-amoebic therapy immediately before 
admission and one was in the hospital under treatment for 
amoebiasis at the time of perforation. 

Ail the patients were acutely ill with varying degrees of 
abdominal tenderness. Fourteen had a mass in the right iliac 
fossa. In one patient this extended medially to cross the mid- 
line in the suprapubic area. One patient had a mass in the 
right hypochondrium; 5 had enlargement of the liver and 
large ulcers were palpable rectally in 2. 


Operative findings 
Nineteen patients were operated upon within 24 h of admis- 
sion and 4 within the next 2 days. Two were recovering from 
major surgery (pneumonectomy and hysterectomy) when 
symptoms developed and laparotomy was carried out. One 
was treated for 11 days for a suspected tubo-ovarian abscess 
before operation. 

Peritonitis was present in 18 patients and was faecal in 
character in 6. In the remaining 8 the amoebic process had 
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produced perforation into the retrocaecal tissues with associ- 
ated abscesses, often with patchy gangrene of the anterior 
wall of the caecum. 

The disease appeared to be limited to the caecum or ascend- 
ing colon in 15 patients. In the other 11 there were multiple 
sites of involvement (Table IV). Multiple perforations at a 
single site of involvement were common. Additionally, 6 
patients had associated liver abscesses, which ruptured before 
surgery in 2. In one of these patients the amoebic liver abscess 
was found only at autopsy. Small bowel obstruction was 
present in 3 cases. 

Two types of operation were carried out, one aimed at 
excision of the diseased bowel and the other at diversion of 
the faecal stream and drainage of the abscesses (Table V). 
Seven patients had resections and 19 had diversion and 
drainage procedures. 


Results 

The symptoms and physical findings were analysed 
to determine the basis for preoperative diagnosis. 
The patients were divided into two groups, the first 
comprising 14 cases in whom amoebiasis was either 
diagnosed preoperatively or suspected in the differ- 
ential diagnosis and the second, comprising 12 cases, 
in whom it was not. 


Diagnosis 

In the group of 14 patients in whom a diagnosis of 
amoebiasis was considered, 10 had amoebic perfora- 
tion of the bowel as the primary diagnosis. Three of 
these were under treatment at the time, one having a 
large rectal ulcer as well. Two others had had previous 
amoebic disease, one had had a perforation 61 months 
earlier and the other an amoeboma 5 months previ- 
ously. In the remaining cases various combinations 
of diarrhoea, bloody stools, an enlarged, tender liver 
or rectal ulceration were present to suggest amoe- 
biasis (Table VI). 

Among the 12 in whom amoebiasis was not sus- 
pected, 4 were believed to have perforation from 
enteric fever, a condition common in this region. 
Three presented with symptoms suggesting an appen- 
diceal mass or peritonitis. Of the remaining 5, 3 had 
symptoms of chronic infection (empyema of the gall- 
bladder, tubo-ovarian abscess, abdominal wall abs- 
cess) and in 2 the presentation suggested carcinoma of 
the caecum. In this group of 12 a history of constipa- 
tion and the presence of distension were more com- 
mon. One patient was under treatment for chronic 
diarrhoea and was receiving anti-amoebic therapy 
when perforation occurred. This, our first case, was 
misdiagnosed as typhoid perforation. 

Seven patients received significant preoperative 
broad spectrum antibiotic therapy, 4 also being given 
anti-amoebic therapy. Five of these 7 patients sur- 
vived, 

As soon as the diagnosis of amoebiasis was sus- 
pected, all patients were given specific drug therapy, 
which initially consisted of emetine, generally in 
combination with chloroquin. As more drugs became 
available, metronidazole, often combined with dehy- 
droemetine, was used instead. More recently, phan- 
quonone has been added. All patients additionally 
received broad spectrum antibiotics, generally tetra- 
cycline or oxytetracycline. Metronidazole was used 
in the last 21 cases of this series, but as only 5 cases 
were treated before this drug became available it is 
impossible to assess any specific improvement as a 
result of its introduction. 
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Table IH: INCIDENCE OF SYMPTOMS AND 
ACCURACY OF DIAGNOSIS 


Not 
Diagnosed diagnosed 
as as 
amoebiasis amoebiasis Total 
CA) CA) CA) 

(n = 14) (n == 12) (t = 26) 
Abdominal pain 79 83 8I 
Fever 64 75 69 
Diarrhoea 86 50 69 
Bloody stools 43 17 23 
Constipation i4 33 23 
Previous history of 29 0 15 

amoebiasis 
Under treatment at 21 8 15 
the time 

Table IV: DISTRIBUTION OF PERFORATIONS 
Terminal ileum 4 
Caecuni 24 
Ascending colon 5 
Transverse colon 5 
Splenic flexure I 
Sigmoid colon 4 
Rectum 2 


Table V: SURGICAL PROCEDURES 


Procedure No. of cases Died 
Bowel resection 7 5 
Right hemicolectomy 5 4 
Right ileocolectomy and sigmoid 2 I 
colostomy 
Diversion and drainage 19 8 
Closure of perforation, caecos- I 0 
tomy 
lleostomy 4 2 
lleotransversosiomy 7 3 
lleosigmoidostomy 7 3 


Table Vi: MOST COMMON PHYSICAL FINDINGS 


Not 
Diagnosed diagnosed 
as as 
amoebiasis amoebiasis Total 
C) Yo) C) 
(n= 14) {n= 12) (n = 26) 
Abdominal tenderness 64 67 65 
Distension 14 75 42 
RIF mass 57 25 42 
Enlarged liver 36 Q 19 
Rectal ulcers 14 0 8 


RIF, Right iliac fossa. 


Factors affecting mortality 

Overall mortality was 50 per cent. Many individual 
factors appeared to influence the mortality rate—age, 
presence of an associated amoebic liver abscess and 
type of operation. The average age of the patients 
who died was 52 years compared with 43 in those 
surviving. All six patients with amoebic liver abs- 
cesses died. 

Peritonitis was present in 18 patients with an 
associated mortality of 44 per cent, whereas the 
mortality rate was 63 per cent amongst those who 
did not have peritonitis. However, there were more 
liver abscesses amongst the latter. If these patients 
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with abscesses are excluded, the mortality becomes 
37 per cent in the presence of peritonitis and 25 per 
cent when it was absent. There are too few figures 
for statistical significance. 

A correct preoperative diagnosis did not affect the 
mortality rate, 50 per cent in each group surviving. 


Operative procedure 

The first 15 patients were operated upon before 1975 
and the remaining 11 since then. Among this first 
group were 7 patients in whom resection was per- 
formed with only 2 survivors and 8 patients in whom 
diversion and drainage procedures resulted in 4 sur- 
vivors. Accordingly, since January 1975 all patients 
have undergone diversion and drainage and 7 out of 
11 have survived. 

The patients who had undergone resection were 
compared with those who had a diversion procedure. 
The average ages of the groups were 45 and 49 years 
respectively and the mean duration of symptoms was 
the same. Amoebic liver abscess was present in 2 
(28 per cent) of those having a resection and in 4 
(21 per cent) of those having a diversion procedure, 
There was frank peritonitis in 43 and 79 per cent 
respectively. Despite these differences, the mortality 
in the resection group was 71 per cent as compared 
with 42 per cent in those undergoing diversion and 
drainage (Table V). If the 6 patients with associated 
amoebic liver abscesses are eliminated, the mortality 
rates would be 60 per cent for the resection group 
and 27 per cent for those having diversion and 
drainage. 


Deaths 
Seven of the 13 deaths occurred during the first 4 
postoperative days, generally from persistent shock 
and toxaemia. Among these early fatalities were 5 
patients with the additional burden of an associated 
amoebic liver abscess. Later deaths included 3 from 
massive sepsis, 2 from respiratory complications and 
1 from emetine-induced myocarditis. 

The 13 deaths from perforation of the bowel repre- 
sented 16 per cent of the 82 deaths from amoebiasis 
occurring during this study period. 


Discussion 

Although bowel perforation occurs in 1-2 per cent 
of patients hospitalized for amoebiasis (Barker, 1958; 
Wilmot, 1962), it is the cause of death in 11-39 per 
cent of patients dying from the condition (Clark, 
1925; Kean et al., 1956; Barker, 1958). 

E. histolytica may invade any part of the large 
intestine or occasionally the terminal ileum. Once the 
mucosa is breached, characteristic ulcers with under- 
mined edges, usually 5-10 mm in diameter, develop. 
Although any portion of the small or large intestine 
may be involved, the caecum, ascending colon and 
sigmoid colon are the most commonly affected (Cutler 
et al., 1974; DeSa, 1974). Multiple sites of perforation 
occur frequently (Chen et al., 1971), and in about 1 
out of 4 patients the perforations at any one site are 
multiple (Cutler et al, 1974; DeSa, 1974). 

Certain factors appear to contribute to perforation: 
these include amoeba (Radke, 1955), diabetes and 
alcoholism (Cutler et al., 1974), trauma and parturi- 
tion (DeSa, 1974). General debility, possibly associ- 
ated with stress, may be a common factor. 


Diagnosis 

Even in countries where amoebiasis is endemic, the 
rate of preoperative diagnosis of perforation of the 
bowel is low, varying from 13 (Chen et al., 1971) to 
50 per cent (Cutler et al, 1974). The major reason 
for this is the acute nature of the clinical presentation, 
which frequently mimics more common surgical 
emergencies. Resuscitation and urgent laparotomy 
are required without extensive investigation. A cor- 
rect diagnosis might be made more frequently if 
greater emphasis were placed upon the presence of 
diarrhoea, particularly if accompanied by blood, All 
5 of Mukherjee and Nigam's (1975) cases had diar- 
rhoea and 6 of Chen and co-workers' 8 patients (Chen 
et al, 1971) had rectal bleeding preoperatively. In 
this series, 69 per cent had diarrhoea and 23 per cent 
bleeding. 


Pathology 

Barker (1958) described three types of perforation: 
the first being extraperitoneal and walled off from 
the peritoneal cavity; the second, perforation of the 
granulomas or ulcers without acute dysentery; and 
the third, those associated with fulminating dysentery. 
We have had no experience with the last category, 
possibly because of improvement in clinical manage- 
ment since Barker's article was published in 1958, 
We agree with him that when walled-off extraperi- 
toneal perforation occurs drug therapy is the primary 
treatment. Surgery is indicated, however, when the 
condition of the patient is deteriorating or rupture 
appears to be imminent. In 4 of the 8 patients without 
peritonitis in this series, gangrene of the caecal wall 
was found at laparotomy. 


Management 

Operative management has included ileostomy (Barker, 
1958; Chen et al., 1971; DeSa, 1974), exteriorization 
(Barker, 1958; Chen et al., 1971; DeSa, 1974), closure 
of the perforation (Barker, 1958; Stamm, 1976), 
resection (Cutler et al., 1974; Mukherjee and Nigam, 
1975; Vargas and Pena, 1976) and drainage (Chen 
et al., 1971; Cutler et al., 1974). It is our opinion that 
diversion of the faecal stream combined with wide 
drainage is the best procedure currently available. 
This type of perforation occurs in friable bowel un- 
suitable for suturing (DeSa, 1974). Resection is 
bloody, particularly if the rupture is into the retro- 
caecal tissues. Diversion and drainage are better 
tolerated in these poor-risk patients. 

If the diagnosis is suspected preoperatively, sigmoid- 
oscopy is mandatory to determine the suitability of 
the sigmoid colon for diversion. At laparotomy close 
inspection of the bowel helps to determine the extent 
of disease. Large retrocaecal masses should be left 
untouched, even if patchy gangrene is present. End- 
to-side ileocolostomy is performed beyond any 
colonic involvement and the distal ileum is closed. If 
sigmoid disease is present, ileostomy is indicated. 
The perforated bowel is then widely drained through 
a separate flank incision. 

When the diagnosis is not suspected, at laparatomy 
the surgeon may, on occasion, encounter a large para- 
caecal abscess and attempt to drain it. The wall of 
the abscess will give way and he will find that he has 
entered the bowel and that there is no posterior wall 
to the caecum. The temptation to resect the caecum 
is to be avoided; faecal diversion and drainage are 


indicated. In 2 patients in this series a normal appendix 
associated with a large retroperitoneal mass suggested 
an amoebic process rather than the more common 
appendiceal abscess. Both patients were treated as 
described. 

If peritonitis has already developed the surgical 
problem is different. The perforation must be found 
and recognized. These perforations are characterized 
by their extreme friability (DeSa, 1974) and their 
location. The caecum or ascending colon are almost 
invariably involved even if other areas are also affected. 
Once amoebiasis is diagnosed, diversion and drainage 
should be carried out. This is not to say that resection 
or exteriorization is never indicated. These proce- 
dures should be restricted to patients with frank 
gangrene of the transverse or descending colon in 
whom adequate drainage is difficult. 

Children tolerate perforation better than adults 
(Cutler et al., 1974; Vargas and Pena, 1976). Mor- 
tality varies from 29 per cent in children to 83 per 
cent overall (Chen et al, 1971; Vargas and Pena, 
1976). In this series, overall mortality was 50 per 
cent and among those patients without an associated 
amoebic liver abscess it was 38 per cent. When the 
diseased colon was resected the mortality was 71 per 
cent, and when diversion of the faecal stream was 
combined with drainage the mortality fell to 43 per 
cent. 
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Wound healing in jaundiced patients 


Sir, 
Mr Irvin and his colleagues (T. T. Irvin et al., 'Abdominal 
wound healing in jaundiced patients', Br. J. Surg. 65, 521—522) 
have done a service by pointing out the very high incidence of 
wound complications in jaundiced patients at the Sheffield 
Professorial Unit. Though they claim that there are no signifi- 
cant differences between types of wound closure and the 
varieties of suture material used, they would, I am sure, admit 
that the numbers in the subcategories are very small. Further- 
more, in that the study period covers 9 years, there must have 
been a very considerable number of surgeons doing the wound 
closures so that any difference that may have existed is likely to 
be obscured by surgeon-related variance. Ín addition, the 
standardization of wound closure techniques in the hands of 
some (Jenkins, 1976) has resulted in a steep decline in the 
incidence of wound dehiscence across the whole spectrum of 
abdominal surgery. This change has occurred whoever does the 
operation, whether he be experienced or not, provided he 
follows the principles of mass closure without tension (Jenkins, 
personal communication). Thus, I hope the retrospective 
results from Sheffield will not be used as yet another excuse 
for failing to concentrate on the abolition of complications of 
wound healing in abdominal surgery. 

H, A. F. DUDLEY 
Surgical Unit 
St Mary's Hospital 
London W2 


JENKINS T. P. N. (1976) The burst abdominal wound: a mech- 
anical approach. Br. J. Surg. 63, 873-876. 


Book reviews 


Comprehensive Arthroscopic Examination of the Knee 
Johnson. 280 x 214 mm. Pp. 156 ix. 1977. St Louis, Mosby. 
£35-45. 


IN some ways the title of this book is misleading. A standard 
arthroscopic examination of the knee ís usually carried out 
under general anaesthesia, using an arthroscope of the Wata- 
nabe pattern or one of its derivatives, with an outside diameter 
of 6:5 mm. The technique described by Dr Johnson is different 
in two important respects: he recommends the use of a very 
small diameter arthroscope ('needlescope ), the sheath of 
which has an outside diameter of only 2 mm, and this fine 
instrument is introduced into various compartments of the 
knee through tiny puncture wounds under local anaesthesia. 
Dr Johnson describes his technique in considerable detail 
and with great clarity. He is able to gain a great deal of 
information from a relatively non-traumatic procedure— 
whether others can do likewise remains to be seen. Dr John- 
son is clearly an enthusiast, in addition to displaying consider- 
able skill in teaching. He conveys his enthusiasm so effectively 
that the reader is left with the clear impression that ‘arthro- 
scopy is fun'—and why, indeed, should it not be so? 

The book is well produced, but unhappily suffers from 
unnecessary repetition, both of text and illustrations. It also 
suffers to some extent from the usual fault of an enthusiastic 
teacher to be too didactic. 

Nevertheless it is an interesting, although individualist, 
complement to standard works on arthroscopy. The author's 
particular techniques should be known and studied by all 
those who find arthroscopy of the knee a useful adjuvant 
to clinical diagnosis. 

LIPMAN KESSEL 


Sir, 
The purpose of the Sheffield study was to identify the nature of 
the clinical problem of abdominal wound healing in jaundiced 
patients. As a consequence, we hoped to stimulate interest in 
basic research and, at a more practical level, to generate some 
clinical interest in the management of wound healing in 
jaundiced patients. Professor Dudley is fulfilling the latter aim 
but his conclusions may be rather premature. Numerous studies 
have described the value of the mass closure technique in 
unselected general surgical patients but there have been no 
reports of the use of this technique and of other techniques of 
wound closure in jaundiced patients, 1 have no doubt that 
some surgeons will have a totally different incidence of 
wound failure in jaundiced patients by comparison with the 
Sheffield experience, and it would appear that Jenkins has an 
unusually low incidence of wound complications. However, 
that is hardly the point unless we intend to refer our patients 
to Jenkins. What we need to know is how different wound 
suture techniques compare in the hands of the same surgeons 
within the context of a controlled clinical trial. This principle 
applies to the evaluation of most surgical techniques, and there 
is no reason why wound suture techniques should be exempt. 
THOMAS T. IRVIN 
Royal Devon and Exeter Hospital (Wonford) 
Barrack Road 
Exeter EX2 5DW 


New Concepts in Streptokinase Dosimetry, 
Edited M. Martin, W. Schoop and J. Hirsh. 224 x 140 mm. Pp. 
246, with 94 illustrations. 1978. Berne: Huber. Fr.42. 


Tuis book is the publication of the VIII Angiological Sym- 
posium of the Aggertalklinik, Clinic for Vascular Disease, 
Engelskirchen-Kóln. It represents the most comprehensive 
collection of streptokinase dosage schemes assembled to date 
in one volume. It makes possible the direct comparison of 
these different regimens, giving details of their lytic success 
rate in different thromboembolic diseases (embolic and throm- 
botic; arterial and venous). It not only includes the variations 
involved in continuous infusion, but includes the newer con- 
cepts of intermittent therapy, intermittent therapy in combi- 
nation with plasminogen and the infusion of activator in the 
form of the streptokinase/plasminogen (plasmin) complex. 
All of these new concepts show promise toward improved 
therapy. The intermittent therapy with streptokinase and 
plasminogen reported a particularly high success rate in clot 
dissolution with diminished side effects, while the therapy 
using the preformed activator demonstrated their ability to 
develop a fibrinolytic effect without a marked drop in the 
fibrinogen level. While this book provides an up-to-date col- 
lection of the available dosing schemes, it does not evolve a 
final answer as to the ‘ideal’ therapy. If anything, it points 
out very dramatically that the practice of thrombolytic therapy 
is in its infancy and there is much yet to be learned about the 
best method of usage. However, we are beginning to accumu- 
late the necessary background and experience to eventually 
uncover the secrets for its most successful application. This 
volume will be a help in that direction. 

V. V. KAKKAR 
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But you should think of Fucidin first whenever you 
see a staph. infection. — The ubiquitous staph. 
needs an ubiquitous antibiotic — penetrating 


all the tissues of the body and effective 
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Dosage: 

Adults: 500mg (2 capsules) 3 times daily with food. 

Children: 20-40 mg/kg body weight daily in 3 divided 
doses with food. 

The standard dose may be doubled for initial therapy 

in severe infections. 

Adverse reactions and precautions: 

After 14 vears of widespread clinical use no pattern of 

toxicity to Fucidin has emerged. Gastro- intestinal 

upset occurs in some patients taking oral Fucidin. This 

can be minimised by taking the capsules with food or 

using Fucidin Enteric Coated Tablets. In some patients 

treated with either oral or IV. Fucidin, jaundice has 


been reported. It has been extremely difficult to decide 
whether Fucidin, other drugs or the infection itself was 
responsible. Fucidin is excreted mainly in the bile and 
liver function tests should be carried out in patients 
withliver dysfunction, when used for prolonged periods 
or when administered in conjunction with other drugs 
which may compete for the same excretory pathway. 
Product Licence No: 0043/5019. 

Each capsule contains 250 mg sodium fusidate B.P. 
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Early breast cancer: part |: Surgical pathology and 


preoperative assessment 
5 L. E. HUGHES AND J. F. FORBES* 


SUMMARY 

The management of early breast cancer is showing a 
growing tendency to move away from radical surgery 
back towards conservative surgery and systemic adju- 
vant therapy. This paper and the one that follows review 
the data that underly this trend and consider the clinical 
and biological principles that are presently used to make 
a decision regarding the optimal primary treatment for 
breast cancer. The conclusion is reached that conserva- 
tism is based on a false understanding of the disease and 
on false conclusions drawn from premature analysis of 
data from clinical trials. 

Optimal management can be determined by appro- 
priate preparative investigation. Breast cancer patients 
can be divided into three groups: early cases, with a good 
prognosis, late, incurable cases and an intermediate 
group. Radical therapy by surgery or surgery combined 
with radiotherapy gives better results than a conserva- 
. tive approach in the early and intermediate groups. The 
intermediate group should be seen as having a poor, but 
not necessarily hopeless prognosis. These cases may 
benefit particularly from adjuvant. chemotherapy, but 
this should not be used as an excuse to deny the patient 
adequate local measures, which alone (at present) offer 
hope of cure. The problem posed by the third group 
should be seen as one of optimal palliation. 

Adjuvant systemic therapy raises hope of improving 
results, but no patient with breast cancer has yet been 
cured by chemotherapy or the application of immuno- 
logical principles. Future improvements are most likely 
to derive from optimal use of each modality, and not at 
the expense of the most effective method at present 
available—radical surgery. The many remaining ques- 
tions regarding management can best be answered by 
careful, controlled clinical studies, and every effort 
should be made to include patients with a poor prognosis 
in appropriate clinical trials. 


MANY busy surgeons have abandoned attempts to 
keep up with the literature on breast cancer—a con- 
stant stream of review articles (one may well ask *why 
another one?) and serial interim reports of clinical 
trials. At best one can hope to pick up a predominant 
opinion from the mass. of published data, and today 
there càn be no doubt that this is contained in the 
phrase ‘conservative is better’, based on the view that 
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breast cancer is a systemic disease from the outset and 
local treatment is relatively unimportant. The develop- 
ment of this attitude has been paralleled, logically, by 
increasing interest in systemic treatment as the only 
method by which results can be improved. 

It is attractive to substitute such simple concepts for 
all the conflicting and confusing evidence from re- 
search and clinical trials, but are such concepts valid 
and based on proved principles and sound data? It is 
unlikely that a single policy will be appropriate to all 
cases of a disease with behaviour patterns as diverse _ 
as those of breast cancer. It is therefore important to. 
make sure that the attempt to substitute a single con- 
servative policy of local treatment does not jeopardize 
the outcome of a subgroup of patients to their serious 
detriment. 

_ Four main questions are being asked at the present 
time: 

i. Are the results of all local treatment methods so 
similar that a conservative operation, with better 
cosmetic, functional and psychological results, can be 


substituted for radical surgery without jeopardizing | s zd 


the ultimate outcome? 

2. If this is not entirely true at present, will chemo- 
therapy and immunotherapy prove so effective as 
adjuvants that they will allow minimal local surgery ? 

3. Are radical measures, such as local lymph node 
clearance and radiotherapy, positively harmful? 

4. Is adiuvant systemic therapy mandatory in all 
cases of early breast cancer? 

There can be no doubt that recent review articles 
favour an affirmative response to each question, yet a 
few authorities continue to hold contrary views with 
equal conviction. Not surprisingly, those who try to 
make their own assessment find this confusing. | 

As we do not believe that any single policy is appro- 
priate to the management of all cases of early breast 
cancer, we must consider the basic principles accord- 
ing to which a surgeon can determine a treatment 
policy relevant to his own facilities and make rational 
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changes as further knowledge becomes available, Such 
principles are more readily outlined if considered in 
relation to the historical development of current 
thinking on breast cancer. 

The greatly improved results obtained by Halsted 
(1894) with radical mastectomy as compared with the 
local treatment used earlier led to an uncritical con- 
centration on surgical technique. Thus, 30 years ago 
it was not unusual to see radical mastectomy advised 
for advanced or biologically aggressive tumours. As it 
became obvious that this approach was not only in- 
effective but could increase morbidity, the concept of 
‘operable’ and ‘inoperable’ tumours developed, as 
indicated by stages I and H of the Manchester classi- 
fication (Windeyer, 1949). Pendulums, however, rarely 
stop at the bottom of their swing, and from selective 
radical surgery the swing has now passed through 
simple mastectomy and is nearing its farthest point in 
‘lumpectomy’ and a ‘watching’ policy, the logical out- 
come of the theory of biological predeterminism. 

When we look for a reason for this swing, many 
factors can be found. Undoubtedly the major ones 
have been the popularization of two concepts: that 
breast cancer is a systemic disease and that preserva- 
tion of lymph nodes is advantageous to the patient 
because of their putative immunological role. Other 
important factors may well have been the pressure of 
excessive clinical loads in Britain, making a shorter, 
technically simple operation attractive, and the pres- 
sure of feminist opinion for less mutilating surgery in 
the USA. In giving way to these pressures unselec- 
tively, there is a real possibility that some women who 
might have been cured under the old ‘radical’ regimens 
may be left uncured despite having to bear the added 
morbidity of cytotoxic adjuvant chemotherapy added 
to their local conservative regimen. 

The general conclusions reached in this review are 
presented at this stage, so that the reader can weigh 
up the evidence as he proceeds. It is necessary to dis- 
card the term 'early' as currently used and to separate 
'early' breast cancer cases into two groups, those who 
are truly early and those who have been erroneously 
included in this group in the past by many workers. 
Effective treatment for the first group should not be 
abandoned because the same regimen has failed in 
those apparently early but in fact late patients for 
whom it could not be expected to be effective. It can- 
not be overstressed that radical local treatment alone 
cures a very high percentage of patients with true early 
breast cancer. Equally, no conservative local approach 
has vet been shown to give long term comparable 
results and no form of systemic therapy has yet been 
shown to improve long term survival. Changes in 
treatment policy should occur in response to factual 
data, rather than by revolution based on fashion and 
the anticipation of possible future ‘breakthroughs’. In 
patients with true early cancer cure by adequate local 
treatment should be the overriding aim, Conversely, in 
those cases of so-called ‘early’ breast cancer where the 
risk of dissemination is high (e.g. node-positive 
patients) systemic therapy must be considered, be- 
cause early evidence is pointing towards its efficacy 
even though its long term effectiveness remains un- 
proved. The surgeon dealing with breast cancer must 
assess, as far as he is able, the extent of the tumour and 
choose a method of treatment which will give maximal 
chance of cure to those who can be cured and maximal 
palliation to those who are incurable. Neither group 


should have optimal treatment compromised by a 
rigid policy which ignores either cure by local treat- 
ment or palliation (or even enhanced cure) by appro- 
priate systemic therapy. 

Though early breast cancer usually means Man- 
chester stages I and II, i.e. those cases which are pri- 
marily treated by surgery, it should already be clear 
that ‘early’ is a relative term and should be used in a 
well-defined context. Our preferred definition would be 
those cases of breast cancer that have a high chance of- 
cure by adequate local treatment, but this would in- 
clude less than half of stage I and II cases. As even 
these cancers have probably been developing for many 
years the term 'early' should be discarded completely. 
We believe that it is better to assess the likelihood of 
systemic spread. 


The contribution of clinical trials to the 

understanding of breast cancer 

The influence of clinical trials on the development of 
current thought on breast cancer is so great that their 
contribution (not always beneficial) is analysed here in 
detail. In recent years the emphasis has been on ran- 
domized clinical trials, and it is these which have had 
a dominant influence on policy related to management . 
of breast cancer. The contribution of uncontrolled 
studies, however, particularly the results of long term 
follow-up of defined treatment protocols, should not 
be ignored. In fact, it seems to us at the present time 
that the latter make the greater contribution to know- 
ledge; valid information from more recent random- 
ized trials will not be available for a number of years. 

The literature related to clinical trials is so vast that 
there is a tendency merely to read summaries, in which 
the difficulties and potential inaccuracies of the trials 
may not be appreciated. It is helpful to study critical 
review articles, e.g. that by Fisher (1973) reviewing 
clinical trials in breast cancer up to 1973 and that by 
Anglem and Leber (1972), which looked particularly at 
those trials which claim to prove the superiority of 
conservative methods of treatment. 

Only those who have been closely involved in the 
execution of clinical trials are likely to be aware of the 
immense difficulties in steering a trial to a meaningful 
conclusion, difficulties which are more pronounced 
with the study of breast cancer than with many other 
clinical problems. The use of multiple centres leads to 
serious problems with documentation and standardi- 
zation, yet it is difficult to obtain sufficient patients 
from a single centre. The greatest problem, however, 
is the long time interval before meaningful results are 
obtained. The use of 5-year analyses (and even more 
so 5-year ‘projected’ results) usually gives identical 
results for any local treatment group, and thus leads 
to a serious fallacy—that the results with all methods 
of local treatment are identical. It is easy to see how 
this fallacy arises. The survival rate for untreated 
breast cancer exceeds 3 years. Hence those patients 
who die within 5 years of treatment constitute a sub- 
group whose disease outcome was determined by dis- 
tant spread from a particularly aggressive tumour 
before treatment was instituted and local treatment 
cannot affect the outcome of such cases. Thus, in 
many series conclusions derived from an unrepresen- 
tative 20-30 per cent of cases are applied to the total 
group. 

This thinking has been used mainly to support the 
advocacy of conservative local treatment instead of a 





more radical approach. The benefits of radical over 
conservative local therapy must relate to the growth of 
subclinical disease in the breast or axillary nodes to a 
clinically detectable size and subsequent dissemination 
from this persisting local disease. Since many tumour 
doublings are necessary for microscopic disease to 
reach clinical detection, local benefit from treatment of 
early axillary disease might be expected to become 
apparent only after 5 years, and for secondary dis- 
semination from such axillary disease, only after 10- 
15 years. While most authorities preach the impor- 
tance of a 10- or 15-year follow-up, few refrain from 
reporting the results before that period has elapsed. 

As an example of the information that can be ob- 
tained from uncontrolled data, the detailed analytical 
approach of Johnstone (1972) should be studied by all 
surgeons. He biopsied internal mammary and apical 
axillary nodes at radical mastectomy and followed 
200 patients for 10 years. His work suggests that the 
maximal benefit of radical over conservative manage- 
ment is likely to be about 20 per cent in terms of 
absolute cure; in practice the difference is likely to be 
closer to 10 per cent. Though this would demand very 
large numbers of successful cases to be conclusively 
demonstrated in trials, it would constitute a very sub- 
stantial benefit in terms of the total number of patients 
who present with breast cancer. A difference of this 
order is frequently seen between the results of radical 
treatment at specialist centres (e.g. Adair et al., 1974; 
Duncan and Kerr, 1976) and total population studies 
of uncontrolled mixed forms of treatment, both radical 
and conservative (e.g. Brinkley and Haybittle, 1975). 

Looking at the three studies quoted, the ‘radical’ 
centres show little fall-off in survival after 6-7 years, 
contrasting with the Cambridge study (Brinkley and 
Haybittle, 1975) of mixed radical and conservative 
treatment, where there is a much straighter slope of 
curve which is continuing to decline at a steady rate up 
to 20 years. This is consistent with the concept that 
radical treatment cures a group of patients with mini- 
mal local spread, while secondary dissemination may 
occur from persisting local disease in those treated by 
conservative measures. 

What then has been learned from clinical trials to 
date? Controlled clinical trials of treatment of early 
breast cancer have fallen into three broad groups: 

1. Comparison of two radical regimens: e.g. the 
Manchester trial of radical mastectomy with and with- 
out adjuvant radiotherapy (Paterson and Russell, 
1959); simple mastectomy and radiotherapy versus 
supraradical mastectomy (Kaae and Johansen, 1962); 
simple mastectomy plus radiotherapy versus radical 
mastectomy plus radiotherapy (Brinkley and Hay- 
bittle, 1968, 1971); and the uncontrolled data of 
McWhirter (1948, 1955) comparing radical mastec- 
tomy with simple mastectomy plus radiotherapy. 

In some of these trials the follow-up has been 
adequate— 10 years or more—and in each case similar 
survival rates for the two modes of treatment have 
been shown. These trials are often quoted as evidence 
that local treatment does not affect outcome, but the 
only valid conclusion is that different forms of radical 
treatment give similar survival rates, a conclusion 
which is not surprising. The only possible advantage 
of one treatment over another would be related to the 
treatment of internal mammary nodes, or a harmful 
effect of radiotherapy. As these nodes are likely to be 
critical in only a small percentage of cases, any thera- 
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peutic advantage for the subgroup would be diluted 
by the overall figures and probably obscured. 

2. Trials comparing conservative with radical regi- 
mens: e.g. simple versus radical mastectomy (Fisher, 
Montague et al., 1977); the Cancer Research Cam- 
paign study of simple mastectomy versus simple 
mastectomy plus radiotherapy (Working Party of the 
Cancer Research Campaign Trial, 1976) and the — 
Cardiff/St Mary's trial comparing conservative and 
radical regimens (Forrest et al., 1974). As these series 
have not yet reached a follow-up of even 5 years, their 
results are not meaningful, and yet each has been used 
to ‘prove’ that conservative and radical treatments 
give similar results and to justify the institution of a 
third generation of trials employing routine treatment 
policies of even less radical surgery. 

3. Examples of the third generation of trials are the 
use of adjuvant chemotherapy versus no adjuvant 
therapy following local treatment (Fisher, Carbone 
et al, 1975; Bonadonna et al., 1976, 1977; Fisher, 
Glass et al., 1977) and simple mastectomy or lumpec- 
tomy followed by radiotherapy only if axillary node 
biopsy is positive (Veronesi et al., 1977). These trials 
may produce useful information, but their validity 
will only be established if the 15-year results of the 
second group of trials show that conservative and 
radical regimens give similar results. Should this not 
prove to be the case, a generation of women with 
breast cancer may well have been sacrificed on the 
altar of surgical fashion, whether or not chemotherapy 
is of value in delaying recurrent disease. 

In conclusion there are at present no data from 
clinical trials to suggest that incomplete treatment of 
the whole breast and axilla gives results equal to those 
achieved with a radical local approach and such data 
will not be available for at least a further 5 years. If 
only valid data from clinical trials are accepted, the 
greater part of modern thinking on breast cancer is 
seen to stand on very insecure foundations. Surgeons 
dealing with breast cance: should be prepared to ‘read 
the small print’ and be sceptical of claims which are 
not fully substantiated. Until long term results from 
controlled trials are available, it must be accepted that. 
uncontrolled data show a superiority of radical local : 
treatment which is in keeping with the analytical 
approach used by Johnstone (1972). 





Principles of surgical pathology relevant to 
management of breast cancer 

A number of questions related to the pathology and 
biology of breast cancer are critically relevant to the 
management of this disease. au 















Is breast cancer multifocal or bilateral? T 
This question is relevant to the use of partial a 
posed to total mastectomy and to follow-up. 
mastectomy. Whole organ sections of mast 
specimens show a high incidence of abnorr 
additional to the primary cancer. All have some 
epitheliosis, three-quarters show intraductal cai 
noma or marked atypia and half show at least « 
further frank invasive focus, usually 0-5 cm or less 
diameter. These changes may be close to the primar 
tumour or widespread throughout the breast (Fisher, 
Gregorio et al., 1975). The incidence is probably leg 
in very small tumours, but the general nature. 
process suggests a ‘field’ change, so thi 
tumours are likely to appear after partial maste 





756 L. E. Hughes and J. F. Forbes 

The delay interval will vary from a few months for 
aggressive subclinical cancer to 20 years or more for 
simple hyperplastic states. 

There is abundant evidence to show that a mastec- 
tomy patient has an increased risk of developing 
cancer in the contralateral breast. The risk is a steady 
one of 0-62 per cent per year, so that the patient sur- 
viving for 20 years has a 1 in 8 chance of developing a 
second cancer. In young women with a family history 
of breast cancer the risk is higher (Robbins and Berg, 


1964). 


What is the significance of axillary lymph node 
involvement ? (Table I) 

This question has given rise to as much debate and 
speculation as any aspect of breast cancer. A number 
of distinct questions should be considered: 

1. Do the axillary nodes have a preferential anti- 
tumour effect? This view was popularized by Crile 
(1965) who suggested that the axillary nodes have a 
. Specific controlling effect on the tumour, and that to re- 
move them could have an adverse effect on the disease, 
Crile's experimental work with allogeneic transplanted 
rat tumours is no longer accepted as having scientific 
validity and more elaborate experiments have shown 
that immunity (if it exists in the clinical cancer situa- 
tion) is a systemic mechanism by the time a tumour is 
established and is not influenced by removing one set 
of lymph nodes (Pilch et al., 1971). Equally convincing 
is the lack of clinical evidence. If local lymph nodes 
have a specific protective effect, simple mastectomy 
should give better (not equal or worse) results than 
radical mastectomy. This has never been found to be 
the case. 

Current knowledge of immune mechanisms in spon- 
taneous animal tumours makes it clear that immunity 
plays no significant role once the tumour has reached 
the size of a few thousand cells, the equivalent of | mm 
in diameter. However, the relevance of host resistance 
to clinical cancer behaviour should be kept an open 
question since there is indirect evidence to support this 
general concept, even though all attempts to date to 
demonstrate such a process in precise immunological 
terms have failed. At the present time, however, im- 
munological concepts should not influence clinical 
cancer management in any way unless some striking 
new evidence becomes available. 

2. Do axillary lymph node metastases regress? This 
concept gained prominence following the report of 
Edwards et al. (1972) that 75 per cent of lymph nodes 
palpable preoperatively were not felt postoperatively. 
"t has been widely assumed that this represented 
tumour regression, even though the authors did not 
make this specific claim. We believe that there are 
strong grounds for rejecting this concept. 

In a large experience of careful monitoring of the 
axilla following simple mastectomy we have met with 
frequent variations in node size associated with non- 
specific reactive changes, and such as occur at other 
sites in patients with and without malignant disease. 
We have not seen regression of any nodes that were 
clinically highly suspicious of disease, but have seen 
steady progression of such nodes on numerous 
Occasions. The axilla is more difficult to examine after 
mastectomy than is normally the case and, on explora- 
tion, recurrent disease is often more extensive than is 
suggested by clinical examination. Clinical axillary 
node progression may be a slow development and in 


our practice continues to appear 7 and more years 
after simple mastectomy. Hence observations on the 
status of axillary nodes cannot be regarded as valid 
unless they are confirmed by surgical exploration and 
histology and unless a follow-up period of at least 
5 years has been completed. 

At present there is no evidence that malignant axil- 
lary nodes regress, nor that they behave in any fashion 
other than a steady progression—slow or rapid—in 
keeping with the growth rate of the individual tumour 
concerned. (Because it has been shown conclusively 
that metastatic disease may itself metastasize to lymph 
nodes (Roth et al., 1976) there is no reason to believe 
that axillary lymph nodes will not themselves metasta- 
size leading to further dissemination of cancer.) 

3. Does axillary lymph node status merely reflect 
systemic disease status? A number of surgeons have 
put forward the view that lymph node involvement IS 
evidence of failure of host control and synonymous 
with disseminated disease, but it is beyond doubt that 
patients with involvement of lymph nodes at the time 
of surgery may be cured by adequate local treatment. 
In Brinkley and Haybittle's series (1975), 25 per cent 
of their 25-year survivors had positive lymph nodes. 
A similar finding was reported from the Memorial 
Hospital series (Adair et al., 1974), in which positive 
lymph nodes were found to decrease to the 30-year sur- 
vival rate only by one-half and even involvement of 
the highest lymph nodes did not preclude cure. There 
is no evidence to support the view (nor any reason to 
believe) that the situation is different with involved 
lymph nodes progressing after simple mastectomy. 
More than half of our clinically node-negative patients 
who have developed progressive node involvement 
3-4 years after mastectomy still have negative bone 
scans. 

Two papers have reported that local tumour recur- 
rence is often concurrent with the development of dis- 
seminated disease (Spratt, 1967; Bruce et al., 1970). 
On the basis of this progressive axillary nodes have 
been regarded as evidence of systemic disease, but the 
analogy is invalid in that both these reports dealt with 
recurrence after radical local treatment and the find- 
ings cannot be applied to progressive nodes left in 
situ. Fisher, Montague et al. (1977) noted an incidence 
of only 15 per cent of patients with local nodes clini- 
cally involved following simple mastectomy, even 
though they would have projected a 40 per cent node- 
positivity rate from their radical mastectomy data. 
However, these figures must be viewed in the light of 
the difficulty of assessment of the postoperative axilla 
and a mean follow-up of only 3 years. 

In summary, axillary lymph node status is an im- 
portant guide to prognosis but it cannot be used as an 
index of curability in an individual case. There Is nO 
evidence at the present time that breast cancer in axil- 
lary nodes behaves differently from cancer elsewhere 
nor that persistent axillary disease may not be the sole 
source of dissemination in a proportion of breast 
cancer patients. There is no reason to reject John- 
stone's conclusion that to ignore axillary lymph nodes 
might compromise ultimate cure in between 10 and 
20 per cent of patients (Johnstone, 1972), Such a figure 
should be set against any cosmetic or functional benefit 
of the more conservative approaches. Only when the 
10-15-year results of the Cardiff/St Mary's and the 
King's/Cambridge trials are available will there be 
acceptable evidence that a conservative policy on a 


Table I: PROBABILITY OF AXILLARY NODE DISEASE 
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Axillary Node pathology 
Patient status Total no. negative (%) positive (%) Reference 

Negative nodes 2042 64 36 1-5 
Positive nodes 1290 21 79 1-5 
Large or fixed nodes 35 3 97 5 
Tumour <2 cm 790 67 33 1,5,6 
Tumour 2-5 cm 3101 46 54 1,5,6 
Tumour >5 cm 809 39 61 1,5,6 





Percentages are rounded to whole numbers and are the mean of several studies where indicated. 
References: 1, Robbins and Urban (1972); 2, Johnstone (1972); 3, Atkins et al. (1972); 4, Schottenfeld et al. (1976); 


5, Haagensen (1971); 6, Fisher et al. (1969). 


Table I: PROBABILITY OF INTERNAL MAMMARY NODE DISEASE 


Internal mammary Node pathology 


Patient status Total no. negative (%) positive (%) References 
Axilla negative 438 80 20 1 
Axilla positive 266 67 33 1 
Tumour <5 cm 486 81 19 1 
Tumour >5 cm 521 55 45 I 
Fixed or large axillary nodes 303 50 50 1 
Inner quadrant tumour 1645 70 30 1,2,3,4 
Axilla positive* 435 59 41 3,4 
Axilla negative* 299 89 11 3 
Outer quadrant tumour 1267 85 15 1,3,4 
Axilla positive* 688 78 22 3,4 
Axilla negative* 332 92 8 3 
Central tumour 532 57 43 1,2,4 





Percentages are rounded to whole numbers and are the mean of several studies where indicated. 


* True pathology of nodes. 


References: 1, Haagensen (1971); 2, Robbins and Urban (1972); 3, Lacour et al. (1976); 4, Handley and Thackray (1969). 


selective or general basis is not disadvantageous to the 
patient. All the present evidence suggests that this will 
not prove to be the case, and hence there are strong 
grounds at present for continuing primary treatment 
of axillary nodes. 


What is the significance of internal mammary nodes ? 
In the past surgeons have frequently turned a blind 
eye to these nodes while removing axillary nodes by 
radical mastectomy. More recently the belief that they 
give no trouble has been put forward as a reason for 
withholding treatment of all nodes. Consideration of 
this second view shows it to be as uncritical as the first. 

It is not true that internal mammary nodes give no 
trouble. Malignant extension through the intercostal 
spaces is by no means rare (Fig. 1); it may be seen 
more commonly with adjuvant radiotherapy being 
used less frequently and it constitutes a particularly 
unpleasant problem for the patient. In addition, it is 
not known how many cases of supraclavicular node 
involvement, lung infiltration or pleural effusion derive 
from active but clinically silent internal mammary 
nodes. Only about 10 per cent of patients with medial 
quadrant tumours have internal mammary node in- 
volvement alone (Table II). Patients with both axillary 
and internal mammary node involvement carry a parti- 
cularly poor prognosis and most develop systemic 
problems that overshadow internal mammary node 
complications. Nevertheless, treatment of internal 
mammary nodes may be important in this subgroup 
with internal mammary node involvement alone. The 
study by Lacour et al. (1976) demonstrated an advan- 
tage for internal mammary node dissection added to 
radical mastectomy if tumours were inner quadrant, 
T 1-2, and axillary nodes were positive. 


uà 





Fig. 1. Internal mammary node metastasis eroding through 
the chest wall in a patient treated by simple mastectomy 
without radiotherapy. 


Is breast cancer a systemic disease from the outset ? 
This question can be answered only by studying the 
result of long term surveys because subclinical meta- 
stases cannot be detected with certainty at the present 
time. Three studies on early breast cancer are repre- 
sentative of the data available and it is worth looking 
at these studies in some detail. 

Brinkley and Haybittle (1959, 1968, 1975) have re- 
ported a 25-year follow-up study of a large group of 
patients seen in Cambridge. The final paper (25-year 
follow-up) showed that only 18 per cent of all their 
breast cancer patients, and 30 per cent of the stage I 
and II patients, were ‘cured’ in the sense that they have 
a normal life expectancy. These figures are now widely 
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quoted as the survival rate after conventional treat- 
ment, but the earlier articles in the series make it clear 
that this is not a valid deduction. A large part of the 
sample (all patients living outside Cambridge) were 
selected because they were referred for radiotherapy 
and therefore the sample was likely to be biased heavily 
in favour of those cases which surgeons considered to 
have a poor prognosis or in whom surgery had been 
less than ideal. Moreover, the results cannot be re- 
garded as those of conventional radical treatment, 
since the treatment policies used were heterogeneous, 
ranging from local excision to radical mastectomy 
plus radiotherapy. 

A contrasting paper from the Memorial Hospital 
(Adair et al., 1974) reported a prospective study of 
1458 consecutive patients with potentially curable 
. breast cancer treated by a uniform radical policy and 
followed for 30 years. Their 30-year actuarial survival 
rate was 38 per cent and it can be assumed, for practi- 
cal purposes, that dissemination had not occurred in 
these 38 per cent. For many reasons this study cannot 
be directly compared with that from Cambridge, but it 
does suggest an improvement in survival in stage I and 
II cases of about 10 per cent for a radical local policy 
over a mixed policy of radical and conservative 
treatment, 

The third study, from Edinburgh (Duncan and 
Kerr, 1976), gives 20-year survival rates, according to 
the size of the primary lesion, in patients whose axillas 
were clinically negative. Patients were treated by a 
radical local technique, usually simple mastectomy 
and regional radiotherapy. From these authors' figures, 
early breast cancer is seen to be highly curable by radi- 
cal treatment, with 20-year survival rates of 80 per cent 
. for 1-cm lesions and 65 per cent for 2-cm lesions. Even 
3-cm lesions had a 20-year survival rate exceeding 50 
per cent, emphasizing the better prognosis of clinically 
node-negative patients. The 'biological predetermin- 
ism’ view would insist that this difference in survival 
between lesions of 1, 2 and 3 cm merely reflects diag- 
nosis at an earlier stage of the disease, apparent benefit 
between the groups being the time taken for the growth 
to increase from 1 to 2 or 3 cm. Such a view is no 
longer tenable. Serial mammographic studies have 
shown average doubling times of a few months, so 
diagnosis at the 1-cm stage could at most give a sur- 
vival benefit of a year or two over diagnosis at 2 cm 
and could have no influence on 20-year survival rates 
as seen in this study. It must be concluded that in- 
creasing numbers of tumours metastasized for the 
first time as the primary tumour grew from 1 to 2 
and from 2 to 3 cm. 

It may be concluded that true early breast cancer is 
eminently curable by radical local treatment. The view 
that breast cancer is unique among cancers in being a 
systemic disease from the outset is unacceptable at the 
moment in terms of practical patient cure. The 
majority of tumours of less than 2 cm are localized to 
the breast and/or local lymph nodes. Dissemination 
becomes increasingly common as the tumour ap- 
proaches 2 cm and tumours of this size should not be 
designated ‘early’. This relationship of dissemination 
to a critical size of the primary tumour of around 2 cm 
is no different from that seen with tumours such as 
melanoma, cancer of the stomach, pancreas, lung, 
prostate or thyroid. The fact that some tumours dis- 
seminate at a very early stage and a few disseminate 
very late should not cloud the issue of the behaviour of 


the majority of breast cancers. Nor should the fact that 
breast cancers are diagnosed at present at an advanced 
stage obscure the good results obtained with adequate 
local treatment of early tumours. 


Tumour diagnosis and assessment 

The initial aims of management should be to establish 
the diagnosis, to assess operability and extent of 
disease and to select those patients who have a poor 
prognosis. This will allow selection of the most appro- 
priate primary therapeutic approach and also of those 
patients requiring adjuvant therapy. 

The traditional practice of ‘urgent frozen section 
and proceed to mastectomy' cannot be justified when 
one considers the years of prediagnosis growth of a 
breast tumour. The delay in resolving the patient's 
anxiety is compensated for by a more rational treat- 
ment policy based on a full assessment carried out 
over a week or two, by having a positive histological 
diagnosis by needle biopsy before the patient goes to 
theatre and by calm, informed discussion with the 
patient. This change of emphasis is most important 
and breast cancer treatment should no longer be 
considered an emergency. 

The choice of the most appropriate treatment de- 
mands a thorough assessment. This will become of 
critical importance as the indications for adjuvant 
therapy become more clearly defined. Assessment 
should follow a clearly defined sequence with pre- 
and postoperative phases. 


Preoperative treatment 

1. Histological diagnosis. 

2. Static assessment of disease extent, in relation to 
the primary growth, regional lymphatic spread and 
occult distant metastases. 

3. Dynamic assessment of tumour behaviour. 

On the basis of this information, the primary mode 
of therapy is determined. In early breast cancer this 
should always entail some form of surgical excision 
and lymph node biopsy. 

The preoperative information is supplemented by 
histological assessment of axillary nodes and in some 
circumstances a further search for metastases. The 
use of adjuvant therapy must depend on all of this 
information. 


Histological diagnosis: As most women prefer to know 
before operation whether mastectomy will be neces- 
sary, a simple outpatient biopsy technique is necessary. 
We prefer the 3} in "Tru-Cut' needle (Travenol) be- 
cause its use is simple and rapid and easily adapted to 
a busy surgical outpatient department (Roberts, 
Preece et al., 1975). When a positive diagnosis is made 
(in the majority of tumours of 2 cm or more in dia- 
meter) frozen section is not required and valuable time 
is saved for the surgeon, theatre staff and pathologist, 
The tissue specimen is large enough to be well ac- 
cepted by pathologists and false positive diagnoses 
should not occur. If a positive diagnosis is not 
Obtained, open biopsy and frozen section (or elective 
paraffin section) is still used before mastectomy. There 
has been no disadvantage in terms of local recurrence 
and this approach is well accepted by our patients. 
One alternative is thin needle aspiration for cytology 
(Coleman et al, 1975); this requires greater skill by 
the pathologist for interpretation and does not differ- 
entiate between tumour in situ and invasive cancer. As 
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treatment differs for these two conditions, frozen 
section is still required for definitive histology. Drill 
biopsy is a third alternative but is less adaptable to 
outpatient clinics than is the "Tru-Cut' needle. 


Static assessment of disease extent: This considers 
disease in the breast, an area where clinical assessment 
is accurate and reliable (although interpretation fre- 
quently differs between observers) in the regional 
nodes, where clinical assessment is inaccurate and un- 
reliable, and distant metastases, where detection of 
disease depends partly on specialized tests which are 
not always available. There is now wide acceptance of 
the most recent TNM classification (International 
Union Against Cancer, 1974) and surgeons should 
become familiar with it. Clinical staging into groups 
(1-IV) is best based on this system. 

Clinical assessment of the disease within the breast 
is accurate (except for subclinical cancer). Johnstone 
(1972) found that none of 200 cases had disease in the 
breast to a lesser or greater extent than assessed clini- 
cally. Interpretation is more difficult. Some local signs 
are easily identified (wide ulceration or skin oedema, 
satellite nodules, inflammatory oedema and rigid fixa- 
tion to the chest wall) and unequivocally imply a grave 
prognosis, excluding the tumour from the 'early' 
breast cancer group. Other local signs often regarded 
as affecting prognosis may reflect the site of the tumour 
within the breast rather than its extent and are less 
relevant to management. This is discussed below 
within the context of dynamic assessment. 

Axillary disease cannot be reliably detected clini- 
cally. A review of several studies where histology has 
teen obtained (Tables I, I1) shows the extent of clinical 
inaccuracy. Only when nodes are hard and greater than 
? cm in diameter or demonstrate clear extracapsular 
invasion by local fixation can involvement with tumour 
be reliably assumed. Only then should clinical assess- 
ment of nodes influence treatment, Large, smooth, 
firm nodes, even up to 2cm in diameter, may be 
reactive. Thus, without histology, only an estimate of 
the likelihood of involvement can be made, and this 
estimate should be based on the characteristics of the 
primary tumour as well as those of the axillary nodes 
(Tables 1, I1). 

The likelihood of internal mammary node involve- 
ment depends on the site and size of the primary 
tumour and histological evidence of axillary node in- 
volvement (Table H). Such involvement may affect 
management and is discussed below. 

When supraclavicular nodes are clinically palpable 
they are more likely to be involved with tumour than 
simply reactive and should be biopsied. 

Distant metastases are not often detected clinically 
but evidence of liver, lung, pleural or cerebral involve- 
ment is occasionally seen at the outset. Clearly, a chest 
radiograph is indicated in all cases and will occasion- 
ally show evidence of spread in clinically early disease 
(Roberts et al., 1976). 

Standard isotope scanning of the liver has no role as 
a routine test in early breast cancer because it has been 
shown to be no more accurate than simple biochemi- 
cal tests. Cerebral scanning has a very low positive 
rate in asymptomatic patients even with advanced 
disease (2 per cent) and should not be done routinely 
(Muss et al., 1977). 

The newer techniques of grey scale ultrasound and 
CAT (computerized axial tomography) scanning are 


+ 
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not widely available at present and although they must 
first establish their place in routine use, they are likely 
to be of value. 

There are several investigations of value in detecting 
occult distant metastases. Skeletal radiology and iso- 
tope scanning are controversial and policy must de- 
pend partly on local facilities. Routine radiological 
skeletal surveys are not sufficiently useful to justify 
the demand made on X-ray facilities. Patients with 
small tumours (T 1-2, N 0-1) have a very low pick-up 
rate for metastases (Citrin et al., 1975; Roberts et al., 
1976) whereas 20-40 per cent of this group are positive 
on isotopic scintigraphy. Nearly all of these scan ‘hot 
spots’ become overt metastases in time and influence 
prognosis (Galasko, 1975a). Reliability depends on the 
isotope and the equipment used. Technetium-99™- 
tagged phosphates are the most helpful and the di- 
phosphonate the best of these. Fluorine-18 is as good 
but less widely available because of its shorter half-life 
(Galasko, 1975b). ; 

Scintigraphy has deficiencies. It is not always avail- 
able and it is costly in terms of equipment and per- 
sonnel. It may fail to detect small lesions (less than 
2cm) and may give a significant number of false 
positive results in addition to the hot spots resulting 
from demonstrated benign disease, perhaps up to 10 
per cent as assessed by follow-up at 19 months (Hoff- 
man and Marty, 1972). Furthermore, it may ‘miss’ 
lesions of the pubis and ischium if the isotope is ex- 
creted in the urine (Galasko, 1975b). In Cardiff our 
practice is to carry out scintigraphy followed by con- 
ventional radiography of all hot spots (Roberts et al., 
1976) because many of the latter are the result of 
benign disease. If facilities are not available, scinti- 
graphy could be omitted for tumours of less than 
2-5 cm in diameter, and those of 3-5 cm with clinically 
negative axillary nodes, as the positive rate will be 
low. Scintigraphy is desirable in patients with tumours 
greater than 2:5 cm with clinically involved nodes and 
mandatory in those whose tumours are greater than 
5 cm in diameter, or for patients with local evidence 
of advanced disease. These patients should be referred 
to centres with this facility or else have a conventional 
skeletal survey (Table HIT). | 

There are also certain special investigations without 
current established value (Table HI). First, there are 
oestrogen receptors. Hormone-dependent tumours 
and oestrogen-target tissue contain a cytoplasmic 
oestrogen receptor (ER) which binds oestrogen 
(oestradiol-B17); the receptor steroid complex then . 


migrates to the nucleus and triggers biochemical. ds 


events characteristic of oestrogen stimulation. Large 
studies have shown that about 60 per cent of the ER- 


positive tumours will respond to hormonal therapy NS 


compared with less than 10 per cent of ER-negative 
tumours (McGuire et al., 1976, 1977), though response 
rate depends on the sensitivity of the method used to 
detect receptors. Progesterone and other receptors, 
including nuclear oestrogen receptors, are now being 
detected and combined assessments may give better 
correlation with therapeutic responses. Where pos- 
sible, a portion of the primary tumour should be 
submitted for receptor studies so that the ER status 
will be known in the event of recurrence though it is 
not yet clear whether ER status may differ between 
primary tumour and subsequent recurrence. ER status 
may merely represent a better differentiated tumour 
and hence reflect the possibility of a better prognosis. 
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Though hormonal therapy is not recommended at 
present for the primary treatment of early breast 
cancer, studies to assess its efficacy are in progress. 
Should they prove favourable and response be shown 
to correlate with the ER status, it will be important 
to measure ER in the primary tumour. 


Secondly, use may be made of biochemical markers 
of metastases. Urinary hydroxyproline is elevated in 
the presence of metastases and may add not only to 
the reliability of scintigraphy (Cuschieri, 1973; 
Roberts, Williams et al., 1975) but also help predict - 
prognosis (Cuschieri, 1975) and aid in the assessment 
of treatment response (Powles et al., 1975). In patients 
with a high alkaline phosphatase it may help to dis- 
tinguish patients with bone secondaries from those 
with liver disease (Gielen et al., 1976). The urinary 
hydroxyproline : creatinine ratio may be an even more 
sensitive index of bone metastases (Cuschieri, 1975). 
Hydroxyproline estimations may gain wider usage as 
an adjunct to scintigraphy, though accurate collection 
of specimens is tedious. The possibility of using a 
fasting urine sample for assessment may prove to be 
useful (Powles et al., 1976). 

Other markers which seem to be related to the 
presence of metastases include serum ferritin (Jacobs 
et al, 1976) and the biological markers carcino- 
embryonic antigen (CEA), human chorionic gonado- 
trophin (HCG) and its B subunit (N2,N2-dimethyl 
guanosine), K casein and alpha-fetoprotein (Tormey 
et al, 1975; Franchimont et al, 1976, 1977). The 


Table HI: SPECIAL INVESTIGATIONS IN 
MANAGEMENT 


Investigation 


Useful 
Outpatient biopsy 


Value 


Simple, economic, aids 
management. 

Recommended for selected 
patients: should be done in 
patients with greater likelihood 
of metastases, e.g. positive nodes 

Essential addition to scintigraphy 

Limited value except for high risk 
patients if scintigraphy not 
available 


Scintigraphy 


Hot-spot X-rays 
Skeletal survey 


Uncertain value 


Biochemical tests: urine 
hydroxyproline, 
creatinine ratios, 
serum ferritin 

Tumour markers: 
(CEA, B-HCG, 
K-casein, 
alpha-fetoprotein 

a Oestrogen receptors 





Fig. 2. Principles used in dynamic assessment of primary 


' tumour. (For details see text.) Immunological studies 
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Fig. 3. Principles used in dynamic assessment of lymphatic spread. (For details see text.) 


May reflect metastases and 
increase accuracy of 'scanning': 
no place yet in treatment 
decisions 

Investigational: may reflect 
metastases status: no role yet — 
in treatment decisions 


No practical application yet for 
early cases 

No demonstrable relevance at 
present to breast cancer 


combination of these may yet prove to be reliable in 
detecting metastases, but their place is not yet suffi- 
ciently evaluated to justify routine use. 

The final investigation which may be used is im- 

munological assessment. Cellular immune competence 
is depressed with advanced disease (Whitehead et al., 
1976), but there is no clear evidence that immune 
Status bears any relation to clinical progress in the 
individual case. Measurement of immune status should 
be regarded as investigational at present. 
Dynamic assessment of tumour behaviour: Some 
attempt should be made to evaluate the behaviour 
patterns of the tumour by assessing its growth charac- 
teristics. At. present these are ill-defined and their 
effect on choice of treatment uncertain, but they are 
used almost subconsciously by many experienced 
clinicians and give an added dimension which may 
avoid the use of an inappropriate treatment. For 
example, the complications of widespread chest wall 
recurrence and cancer en cuirasse are less likely if 
surgery is avoided in the most aggressive tumours. 
Such an assessment can be made by considering the 
patterns of spread of the tumour—direct from the 
primary growth, metastasis to lymph nodes and 
spread to distant sites. 

1. Primary growth: A ‘standard’ tumour will show 
invasion of local structures in keeping with its size and 
position in the breast (Fig. 2a). Thus, a superficial 
tumour which has arisen just under the skin, or a deep 
tumour close to the pectoral fascia, may become 
attached to skin or fascia early in its course by virtue 
of its location rather than its aggressiveness. A similar 
tumour arising in the middle of a large breast will 
Show no attachment, but there is no reason to believe 
that the prognosis will be different after adequate re- 
moval. In contrast, the tumour showing skin involve- 
ment greater than its diameter (Fig. 25), or with dis- 
crete skin nodules, is displaying aggressiveness—direct 
and local lymphatic invasion which portends increased 
rates of both local recurrence and distant metastasis. 
Peau d'orange outside the area of direct skin involve- 
ment similarly implies a propensity for direct lym- 
phatic invasion, while redness and diffuse oedema 
probably indicate very rapid cell turnover (Fig. 2c). 
Both are features of biologically aggressive tumours 
that are unlikely to be cured with present regimens and 
for which surgery is contraindicated. (Two exceptions 
are seen rarely: extensive intraduct cancer without 
invasion may sometimes develop an inflammatory 
reaction to necrotic material in the ducts similar to 
plasma cell mastitis and a similar reaction may occur 
to degenerate tumour in mucoid carcinoma. In these 
two situations, neither an ‘inflammatory’ reaction nor 
peau d'orange necessarily contraindicates the use of a 
radical approach.) 

Clinical experience suggests that lesser degrees of 
oedema than frank inflammatory carcinoma indicate a 
poor prognosis, and recent measurement of skin 
oedema on mammograms confirms this view (Shukla 
and Hughes, 1978). Oedema other than frank peau 
d'orange is most commonly seen in the lower inner 
quadrant of the breast, irrespective of the tumour site. 

2. Lymph nodes: The primary tumour usually ex- 
ceeds lymphatic deposits in size (Fig. 3a). If the nodes 
are considerably larger than the primary tumour (Fig. 
3b) or show clear extracapsular invasion while the 
primary tumour does not show excessive local aggres- 
sion (Fig. 3c), then a modulation of tumour cells to a 
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more aggressive pattern is likely and there is a high 
chance of disseminated disease with a corresponding 
poor prognosis. | 

3. Distant spread: The extent of distant metastases 
in relation to the primary tumour also has a bearing 
on the choice of treatment. In the absence of demon- 
strated dissemination, cure is always possible (even if 
in some cases statistically unlikely) with aggressive 
local therapy (Adair et al., 1974). In the absence of 
cure, the progression rate is likely to be slow enough 
for local disease to become a problem before death 
from dissemination, The same is true, though to a 
lesser extent, for patients whose metastases are seen 
only on scintigraphy and who may not develop clinical 
metastatic disease for several years. Hence these 
patients still require effective local therapy to the pri- 
mary tumour. When radiological metastases are 
Obvious at the time of primary presentation, however, 
this again suggests an aggressive tumour. A rapid, 
downhill course is likely, calling for systemic therapy 
which, in general, will be as effective for local disease 
as for metastases, if not more so. 

Hence for management there is some point in 
reserving the term stage IV for patients with overt 
distant spread and classifying the remaining patients 
as stages I, H or HI, with or without subclinical distant 
spread (or with or without a high risk of subclinical 
spread). 


The relevance of preoperative assessment to treatment 
policy 

Those patients who have clinical or radiological 
demonstration of distant metastatic disease cannot in 
any way be regarded as cases of early breast cancer, no 
matter how small the primary lesion, and so fall out- 
side the scope of this review. The situation is not so 
clear for patients with positive scintigraphy but nega- 
tive radiology. Because of the small but appreciable 
false positive rate of scintigraphy (which needs to be 
assessed individually for each centre) at present we 
ignore such a finding when planning local primary 
treatment. All patients without overt metastatic 
disease have an initial management policy determined 
from the preoperative assessment. The use of adjuvant 
therapy is determined after the additional information 
of axillary node histology becomes available. 

Preoperative assessment can clearly define the fol- 
lowing groups, which we have found helpful in 
planning treatment. 

1. Subclinical cancer. This group, identified only on 
mammography, is unfortunately small and includes 
in situ and small invasive cancers detected by micro- 
calcification or distorted architecture on the mammo- 
gram. These patients are unlikely to have involved 
nodes or distant metastases, though this does occur 
occasionally even with very early tumours. 

2. Minimal clinical cancer. These patients have a 
small localized breast lump (less than 2-5 cm) with no 
signs of local aggressive extension (Fig. 2b, c) and 
clinically negative axillary nodes. About one-third will 
have involved axillary nodes and perhaps 25 per cent 
occult metastases. For these patients further manage- 
ment, including follow-up, is dependent on node 
histology. Skin or deep attachment in keeping with 
the size of the primary tumour (Fig. 2a) does not carry 
prognostic significance. 

Both groups 1 and 2 may be considered to have a 
high cure rate by adequate local treatment. 
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3. Clinically established breast cancer. These 
patients unfortunately form the largest group at the 
present time. The mass is 3 cm in diameter or larger, 
or the nodes are ‘clinically involved’, or there are local 
signs of aggressive behaviour (Figs. 2b, c, 35, c), im- 
plying a poor prognosis. Skeletal survey by isotope 
and radiology is desirable. Between 50 and 75 per cent 
of these patients will have positive node histology and 
between 40 and 60 per cent will have occult meta- 
stases. These patients should not be regarded as having 
early breast cancer nor should they be regarded as 
incurable; nodal histology is of great relevance to 
further management. Inclusion of such cases among 
early breast cancer patients has led to much of the 
confusion surrounding the subject. Nevertheless, to 
deny them effective local treatment will jeopardize 
the survival of the 20 per cent who are still curable by 
conventional radical local therapy. It is in this group 
particularly that a ‘dynamic assessment’ of tumour 
behaviour may allow those who are better placed in 
group 2 or group 4 to be selected out. 

4. Locally advanced disease. These patients have a 
tumour which is greater than 5 cm in diameter or they 
have clearly identifiable evidence of advanced disease 
in the breast or the local nodes (wide skin ulceration, 
extensive breast oedema, solid fixation to the chest 
wall, satellite skin nodules, palpable nodes of more 
than 2:5 cm diameter, fixed or matted nodes). In either 
event they have a grave prognosis, although à few large 
tumours without other adverse signs will be cured by 
local treatment (Duncan and Kerr, 1976). Most will 
have positive axillary lymph nodes and distant meta- 
stases. These patients should always have scintigraphy 
and hot spot radiology or skeletal radiology where 
scintigraphy is not available. Their further manage- 
ment is outside the scope of this review. 

Groups 3 and 4 should be regarded as having ad- 
vanced disease with a poor prognosis. Evidence that 
these patients will benefit from adjuvant therapy is 
accumulating and hence they should be assessed by 
clinicians with a special interest in breast disease and 
familiar with cytotoxic chemotherapy. This is dis- 
cussed further in the section on adjuvant treatment in 
part II of this article. 


Postoperative assessment (node histology) and its 
relevance to treatment policy 

Nodal histology is one of the most discriminating 
guides to extent of disease and to ultimate prognossi. 
Those having 1-3 nodes involved have a better prog- 
nosis than those having involvement of 4 nodes or 
more. This is largely independent of the number of 
nodes found or examined (Fisher and Slack, 1970; 
Fisher et al., 1976). 

Thus, the number of nodes involved acts as an indi- 
cator of the incidence of distant metastases (Fisher et 
al., 1976) and of the likelihood of internal mammary 
node involvement (Table 11). The incidence of chest 
wall recurrence is also directly proportional to the 
number of lymph nodes involved. This important in- 
formation provides an additional major reason for 
advocating axillary node dissection with comprehen- 
sive histological examination in all patients (groups 1, 
2 and 3) without overt metastatic disease as the num- 
ber of nodes involved will be an important guide to 
the use of adjuvant chemotherapy and/or radio- 
therapy. 


Pectoral node biopsy (Forrest et al., 1976) has been 
suggested as an alternative to full axillary dissection 
for staging assessment. The fact that both number and 
size of nodal metastases are important in predicting 
outcome suggests that this technique will prove to be 
of limited value. Longer follow-up is necessary to 
validate this approach. The technique has an added 
disadvantage of dissection as far laterally as latissimus 
dorsi and into the axillary fat. We would prefer that 
the axilla be treated either by full surgical dissection 
or by radiotherapy alone since prior surgical inter- 
vention may interfere with the effectiveness of sub- 
sequent radiotherapy. 

Proved supraclavicular node involvement may be 
taken as synonymous with disseminated spread, so 
that the aim of treatment becomes palliative rather 
than curative. This is not true for axillary nodes, in 
that node histology is a very useful pointer to ultimate 
outcome but does not differentiate in an individual 
case between those patients who will and will not be 
cured by local treatment. 
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Subclinical cancer 

WirH widespread use of xeromammography, greater 
public awareness and scattered screening programmes, 
surgeons are being increasingly faced with the problem 
of subclinical cancer. Subclinical cancer is usually de- 
tected as microcalcification or distorted architecture 
on an X-ray when no lump is palpable. Approximately 
half such cases will prove to have benign disease 
(usually sclerosing adenosis) and only half of the 
actual cancers will show frank invasion. Hence, close 
collaboration between radiologist, pathologist and 
surgeon is necessary to provide an accurate biopsy 
with minimal removal of normal tissue and clear com- 
munication on the nature of the disorder present. A 
well-formulated plan of management is necessary. 

In Cardiff this plan involves the use of a double- 
dye technique (Preece et al., 1977) with the dye—both 
radio-opaque and tissue staining—injected to the site 
of disease to allow excision of the area. Specimen 
radiography ensures that excision is complete. If a 
well-defined mass with macroscopic features of cancer 
is found, we proceed to frozen section and act on the 
result. Where a clear mass is not present, we avoid 
frozen section and await paraffin histology for full 
diagnosis (Preece et al., 1977). 

No further treatment is required if a benign process 
is demonstrated. Invasive carcinoma demands a total 
mastectomy and axillary dissection to assess nodal 
status. The management of in situ duct or lobular 
carcinoma is more controversial, and indeed data 
presently available are insufficient to justify a dog- 
matic viewpoint. Our own policy is a pragmatic one 
based on the belief that the risk of micro-invasion, 
already established or in the future, grows both with 
an increase of extent of the process and with an in- 
crease of the degree of cytological abnormality. When 
our earlier practice was to recommend simple mastec- 
tomy for all cases of cancer in situ, we found that small 
localized areas on biopsy were not associated with 
further pathology in the mastectomy specimen. Where 
change was more widespread in the biopsy, multifocal 
in situ malignancy was often found in the remaining 
breast. 

This led to our present policy, which follows biopsy 
by generous segmental excision that is carefully 
assessed by rapid paraffin histology. If no abnormality 
is shown in the segmental excision, no further pro- 
cedure is undertaken, but the patient is followed by 
clinical examination and mammography. The dis- 
covery of further intraduct cancer in the segmental 
excision specimen is followed by simple mastectomy 
or by Patey mastectomy in those cases with extensive 
change and severe cytological abnormality. This latter 
course is taken because of the undoubted occurrence 
of lymph node involvement in some such cases, even 
when invasion cannot be demonstrated. 


Only long term follow-up will determine whether 
this selective approach is satisfactory. While water. 
tight evidence that all pre-invasive changes progresr 
to cancer is lacking, and while the presence of simila- 
changes in the opposite breast are ignored, it is cers 
tainly no less logical than routine simple mastectomy- 
Lack of agreement among pathologists regarding 
criteria for diagnosing pre-invasive states provides 
further support for this approach. We would stress, 
however, the importance of close communication and 
clear understanding between pathologist and surgeon 
if a selective approach'is to be used. (Although it is 
even more important if a non-selective approach is 
preferred!) A useful account of a pathologist's view 
of this problem is given by Dossett (1976). l 

We believe that there is no satisfactory answer at 
present to the problem of in situ change occurring in 
the contralateral breast. There is no doubt that hyper- 
plastic changes are frequently found, and it is reason- 
able to suppose that these form the basis for the inci- 
dence of contralateral cancer discussed in the previous 
paper. Once again we take a pragmatic view in manage- 
ment, weighing up the psychological consequences of 
biopsy and possible synchronous bilateral mastec- 
tomy against the possible detriments of relying on care- 
ful clinical and mammographic observation. We have 
chosen the latter course, as have most other surgeons. 

It must be accepted, however, that our knowledge is 
grossly deficient and our policy is open to revision as 
further data become available. It is particularly in this 
situation that subcutaneous mastectomy and pros- 
thetic replacement may come to play a larger role, 
when the technical problems and pathogenetic con- 
sequences are more completely evaluated. 


Established breast cancer 

The choice of a treatment regimen is bedevilled by the 
large number of possible treatment combinations and 
by variations in detail of application. Also, reliable 
data comparing one technique against another are 
lacking. Since so little meaningful controlled data are 
available, one must rely on basic principles and use 
data from reports of uncontrolled studies. Here, the 
quality of pathology, surgery and radiotherapy re- 
flected in the particular study must also be considered 
carefully. The use of different definitions of malig- 
nancy may lead to unwarranted optimism or pessi- 
mism; variation in the quality of surgery or radio- 
therapy is the most likely explanation for different 
results from the same treatment when applied to uni- 
formly classified patients (Haagensen et al., 1969). 
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Magnapen* (ampicillin and flucloxacillin in equal parts) is 
available as capsules, vials for injection, and fruit flavoured Syrup. 


mg full prescribing information is available on request. "regd. 
e Beecham Research Laboratories Brentford, England. 
x4 A branch of Beecham Group Ltd. PLO038/0089,0090,0120. 
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Local treatment schedules can be divided into four 
broad groups, conservative, selective radical, routine 
radical and supra-radical. 


Conservative regimens 

Lumpectomy: Lumpectomy is certain to fail in many 
cases because of the multifocal nature of breast cancer 
(Qualheim and Gall, 1957; Fisher, Gregorio et al., 
1975). There are no long term follow-up figures avail- 
able to judge the role of lumpectomy alone. Even when 
combined with radiotherapy, local recurrence is com- 
mon, e.g. 26 per cent of 415 patients in 5 years 
(Rissanen, 1969). If 20 years is the interval necessary 
for focal non-invasive cancer to reach clinical malig- 
nancy, it is clear that only with prolonged follow-up 
will the true local recurrence rate be obvious. It is not 
known whether radiotherapy is effective in the long 
term control of pre-malignant states or whether the 
opposite may be true, radiotherapy having an additive 


— carcinogenic effect. Thus, it is clear that this approach 


is least desirable in young women, for whom the 


- ^. cosmetic benefit might be most desirable but who 


. have the greatest risk of further trouble. Moreover, a 
further problem with lumpectomy is that recurrence 
when it does occur, is usually found in the depths of 
the scar, firmly attached to the chest wall and resistant 
to the measures which would have given effective local 
control to the primary tumour. 

One pilot study of adjuvant chemotherapy was 
abandoned because of the high local recurrence rate 
(Hancock et al., 1976) (this gives support to the view 
that chemotherapy is unlikely to be effective in the 
long term against any but the most minimal disease). 

Lumpectomy may have a role in the management of 

focal cancer in sifu because of the uncertainty as 
to whether this necessarily develops into invasive 
cancer. 
Simple mastectomy: Simple mastectomy must leave 
involved nodes untreated in at least one-third of ‘early’ 
cases. Furthermore, it does not provide adequate 
nodal histology for planning adjuvant therapy. The 
King's/Cambridge trial of simple mastectomy and a 
watching policy has already shown a very high rate of 
progressive local or axillary disease—28 per cent for 
clinical stage I and 53 per cent for stage II after a 
maximal follow-up period of only 6 years (Professor 
J. G. Murray, personal communication)—and our 
own experience with simple mastectomy for patients 
who are histologically node-negative on random node 
biopsy shows a 20 per cent rate of progressive axillary 
node disease after 3-7 years. The rate is still rising. 

The arguments relating to immune effects of local 
nodes, to regression of involved axillary nodes and the 
incurability of node-involved cases have been dealt 
with in the previous paper. There remains the argu- 
ment that such nodes can be adequately managed by 
secondary treatment when they show obvious pro- 
gression. No evidence from long term studies is avail- 
able to support this view and it is unlikely that this 
will prove to be so. A century of experience of treating 
cancer in lymph nodes has shown that local control is 
much more effectively achieved for microscopic or 
minimal disease than for overt disease, even with 
radiosensitive tumours such as squamous cell carci- 
noma. It is most unlikely that radiotherapy (or sur- 
gery) will provide long term control for the advanced 
axillary disease usually present by the time involved 
nodes are detected clinically after mastectomy. 
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The psychological consequences of recurrent disease 
are important. While most patients adjust eventually 
to a diagnosis of breast cancer, the development of 
recurrence after primáry treatment shatters any opti- 
mism. We believe that this is an important reason for 
giving adequate primary treatment to minimize local 
recurrence and to give a maximal disease-free interval 
in those patients whose disease will recur. 

Hence there are a number of cogent reasons for 
rejecting simple mastectomy alone as primary therapy, 
in addition to the likelihood of denying cure to 10- 
15 per cent of patients with early breast cancer. 
Subcutaneous mastectomy and prosthetic replacement: 
Many of the considerations discussed in relation to 
simple mastectomy apply to this procedure, though it 
does have the potential advantage of a more satis- 
factory cosmetic result. The potential problems are 
the incidence of skin recurrence and the development 
of sarcomatous reactions to the prosthesis. Both can 
only be resolved by long term follow-up and hence we 
do not believe that the procedure has a routine place 
at the present time. It may be shown to have a place 
(when combined with axillary dissection) in the earliest 
cancers (1 cm or less and situated deep in the breast) 
and for anxious patients of unequivocal high risk (with 
three or more first-degree relatives with breast cancer). 
Clearly such cases will be rare. Any other use of 
this procedure should be confined to careful clinical 
trials. 


Selective radical regimens 

A number of surgeons are now adopting a selective 
policy, using simple mastectomy as a primary pro- 
cedure and converting this to a radical policy only in 
those patients shown to have positive nodes in the 
lower axilla. Radiotherapy is used to provide the radi- 
cal element. The first approach to selection was based 
on random biopsy of lower axillary nodes, as practised 
in the Cardiff trial (Forrest et al., 1970). At this time 
it was hoped that random biopsy would be an accurate 
reflection of axillary node status, but longer follow-up 
has shown it to be inaccurate in at least 20 per cent of 
cases. Forrest now recommends a careful dissection of 
nodes related to the axillary tail (Forrest et al., 1976). 
The accuracy of this technique will not be clear until 
the 10-year follow-up has been completed. The 
anatomy of lymphatic drainage of the breast calls for 
caution in accepting that cancers from all areas of the 
breast will metastasize first to the axillary tail nodes. 
It seems inappropriate to recommend this approach 
for general use until the current Edinburgh trial has 
tested the validity of this concept. 

The most worrying aspect of early wide adoption of 
these concepts of conservatism is that those patients 
with the highest chance of cure are those who are 
likely to be most adversely affected. Those patients 
who have minimal axillary disease, such as might be 
missed on random biopsy, are a group with a high 
cure rate following total mastectomy and axillary 
clearance. A patient found to have extensive axillary 
disease some years later will have been translocated 
from the high cure group to one where cure is known 
to be unlikely. We do not believe that this progression, 
which has been so obtrusive in the King's/Cambridge 
trial and to a lesser extent in the Cardiff trial, should 
be tolerated outside a few, carefully controlled trials, 
if tolerated at all. Short term control of progressive 
axillary disease by secondary radiotherapy, as reported 
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from the King's/Cambridge trial (Working Party of 
the Cancer Research Campaign Trial, 1976) should 
not be allowed to obscure this fundamental change in 
potential curability. 


Routine radical regimens 

Radical mastectomy and simple mastectomy plus 
radiotherapy represent logical approaches to the 
management of localized breast cancer. It is known 
that they give comparable results at 5-year follow-up 
(Hamilton et al, 1974), but longer term follow-up 
data are not available to allow definitive comparison 
to be made. Hence, again these approaches must be 
considered in terms of general principles. 

Total mastectomy and axillary clearance in con- 
tinuity is a logical therapy for a tumour of the lateral 
half of the breast with less than four axillary nodes 
involved. Knowledge of axillary node status allows 
application of adjuvant radiotherapy to give maximal 
insurance against local recurrence in chest wall and 
internal mammary nodes. Johnstone (1972) obtained 
the remarkably low recurrence rate of 3-1 per cent at 
10 years for stage I and II cancers treated by Halsted 
radical mastectomy and postoperative radiotherapy 
(excluding those with apical or internal mammary 
nodes involved). 

Available evidence suggests that there is little to 
choose between the Halsted and Patey mastectomies. 
Nemoto and Dao (1975) showed that it is possible to 
retrieve equal numbers of axillary nodes with both 
operations. Interpectoral nodes that can be left in the 
Patey mastectomy are singularly involved in only a 
small percentage of cases (3-1 per cent, Haagensen, 
1971) and there can be no doubt of the superior 
cosmetic result from a Patey operation. The Patey 
operation, however, is a technically more demanding 
procedure and nodes are likely to be missed unless 
great care is taken. Our own practice is to use the 
Patey operation for early cases and particularly in 
young women. When the tumour is closely applied to 
the pectoralis major, or a number of nodes are obvi- 
ously involved in the axilla, a Halsted operation is 
more likely to ensure complete extrafascial excision of 
the axillary contents and so minimize the risk of re- 
current disease in the pectoralis major or the axilla. 
In our experience, axillary recurrence is very rare after 
a Halsted mastectomy, but more common following 
the Patey procedure. 

The McWhirter regimen (McWhirter, 1948) of 
simple mastectomy followed by radical radiotherapy 
as integrated primary treatment is a reasonable alter- 
native to radical mastectomy. It has the advantage of 
routinely treating internal mammary nodes but the 
significant disadvantage of not providing full axillary 
node histology. In skilled hands the functional results 
are satisfactory but the results of unskilled radio- 
therapy can be disastrous. While there is no clear 
evidence that radiotherapy has an adverse effect on 
cure rates, the possibility of such an effect mediated 
through immune depression and of long term carcino- 
genic effects remains. This, in addition to the in- 
adequate axillary histology, leads us to favour a pri- 
mary surgical approach with radical mastectomy, 
adding radiotherapy to those cases carrying a high 
risk of internal mammary node involvement or chest 
wall recurrence. 

It is unlikely that sufficient difference exists between 
these three radical approaches to generate a significant 


result from controlled clinical trials. There can be no 
doubt from clinical experience that the quality of 
surgery and of radiotherapy has a greater effect on 
local recurrence rates and morbidity than the choice of 
radical mastectomy as against the McWhirter tech- 
nique, so that local facilities may well dictate the 
technique chosen. ` 


Supra-radical regimens 

The supra-radical approach is usually considered 
synonymous with the extended radical mastectomy 
popularized by Urban (1951). Urban’s figures are im- 
pressive, but come from uncontrolled studies. The 
well-conducted prospective randomized trial of Hal- 
sted radical mastectomy (HM) and HM plus internal 
mammary node dissection (HM +IM) has been re- 
ported by Lacour et al. (1976). This international 
randomized controlled trial with a full 5-year follow-up 
showed no overall significance in survival. However, 
two subgroups did show significant difference in sur- 
vival. Outer quadrant T 1-3 tumours with negative 
axillary nodes did better with the lesser procedure 
(5-year survival HM 87 per cent; HM -+1M 78 per 
cent; P « 0-05) and patients with inner quadrant T 1-2 
tumours and positive axillary nodes did better if the 
internal mammary nodes were dissected (5-year sur- 
vival HM 32 per cent; HM 4- IM 71 per cent; P « 0-01). 
While the difference of 87 per cent versus 78 per cent 
may well be due to chance, it is likely that the differ- 
ence between 52 per cent and 71 per cent represents a 
significant difference associated with the removal of 
the internal mammary nodes, which were involved in 
32 per cent of the patients. However, this group com- 
prised only 13 per cent of the total, and it is doubtful 
whether these results justify the use of an extended 
radical mastectomy, even in medial quadrant tumours. 
The operation undoubtedly has a higher morbidity 
in the hands of the occasional surgeon and there is no 
evidence that radiotherapy to the internal mammary 
nodes could not achieve a similar result. Certainly for 
the surgeon seeing twenty operable breast cancers a 
year, and only one or two in this subgroup, the use of 
radiotherapy would seem preferable to the occasional 
supra-radical mastectomy. 


Adjuvant therapy 

Adjuvant therapy should be considered in all cases of 
breast cancer from two points of view; minimizing 
local recurrence and delaying, or even preventing, the 
onset of distant metastatic disease. While radiotherapy 
has been the adjuvant treatment most applicable until 
now for local prophylaxis, a number of therapeutic 
modalities have been suggested to minimize distant 
recurrence and these are discussed below. 


Radiotherapy 

Radiotherapy has been effective in reducing and de- 
laying local recurrence rates if given after simple 
mastectomy (King's/Cambridge trial) (Working Party 
of the Cancer Research Campaign Trial, 1976) or 
radical mastectomy (Fisher et al., 1970) and is of value 
in treating the patients with locally advanced disease 
or local recurrence. Two controlled randomized triais 
have failed to show that adjuvant radiotherapy offer 
any survival advantage after radical mastectomy alone 
(Easson et al, 1968; Fisher et al., 1970). This is not 
surprising, because the only group of patients in whom 
an advantage to survival might be expected is those 









(oo dÓyear follow-up 
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Table I: PROBABILITY OF INTERNAL MAMMARY NODE DISEASE 
Internal mammary Node pathology 
Patient status Total no. negative (74) positive (?2) References 
Axilla negative 438 80 20 i 
—. Axilla positive 266 67 33 1 
Tumour <S cm 486 81 19 l 
Tumour >5 cm 521 55 45 1 
'- Fixed or large axillary nodes 303 50 50 1 
A Inner quadrant tumour 1645 70 30 1,2, 3,4 
; Axilla positive* 433 59 41 3, 4 
Cos 77. Axilla negative* 299 89 11 3 
ooo Outer quadrant tumour 1267 85 15 1, 3,4 
—— Axilla positive* 688 78 22 3,4 
-  Axilla negative* 332 92 8 3 
: Central tumour 532 57 43 1, 2, 4 





` Percentages are rounded to whole numbers and are the mean of several studies where indicated. 


* True pathology of nodes. 


References: 1, Haagensen (1971); 2, Robbins and Urban (1972); 3, Lacour et al. (1976); 4, Handley and Thackray (1969). 


i Table H: ADJUVANT CYTOTOXIC CHEMOTHERAPY AND EARLY BREAST CANCER: RESULTS OF THREE 


" CONTROLLED RANDOMIZED TRIALS 
Trial 
- Thiotepa t. placebo 
: (0-4 mg/kg day 1, 

0-2 mg/kg days 2 and 3) 
Fisher, Slack et al, 1975 


Patients 


Positive- and negative- 
node patients: 826 
patients randomized 
following Halsted 
mastectomy (day 1) 


Only node-positive 
patients: 211 randomized 
after radical mastectomy 


Phenylalanine mustard r. 


placebo 
Fisher et al., , 197 


Only node-positive 
patients: 386 patients 
randomized after radical 
or extended radical 
mastectomy 


Combination chemotherapy v. 
control group 
(cyclophosphamide 
methotrexate 5-fluorouracil 
repeated monthly for 12 mth) 

Bonadonna et al., 1977 


with involvement of the internal mammary nodes 
without disseminated disease. Such a group is likely 
to represent only a small proportion of all patients 
(Table I) and hence any difference within the whole 
group might not be apparent. The psychological 
advantage of giving a maximal disease-free interval 
before local recurrence justifies the use of radiotherapy 
in cases with a high risk of recurrence. 

The incidence of chest wall recurrence after mastec- 
tory is related to the number of nodes involved. Hence 





.. git is desirable to give prophylactic radiotherapy to the 


best wall and to the supraclavicular and internal 


|. mammary regions in patients shown to have four or 


more lymph nodes involved, particularly where these 
ave macroscopic deposits.-It is also reasonable to 
recommend its.use to the internal mammary nodes 
in T 1-2 median quadrant tumours irrespective of the 
axillary node. status, It is not yet known whether 
adjuvant chemotherapy will make this use of adjuvant 


Z: 


. ? Less recurrence in 


. Improved survival for 3. 


. Highly significant reduction 1. 


. Highly significant reduction 1. 


. Strong trend established for 2. 


. Very low recurrence rates, at 3, 


Results |. Comments 


. Overall no differences in 1.— 


survival or recurrence, 
5 or 10 yr 
. Small subgroup 


na 


premenopausal women and 

more than 4 nodes involved 

Small numbers in 
subgroups: difference less 
pronounced at 10 years 
and not significant (less 
patients) 


premenopausal women 
(P<0-01) at 5 years 


Shori follow-up: too early 
for survival analysis 

. ? Part ‘hormonal’ effect 
from chemotherapy 


in recurrences 
Little effect for post- 
menopausal women 


t3 


Recurrence data highly 
in recurrences at 3 yr significant 

(P = 0-009) (almost entirely 

in premenopausal women) | 
? Too early for significant 
effects to be seen 

Difficult to demonstrate 
better result at 3 yr for 
this group (recurrence 
rates) 


improved survival (P 0-08) 


3 yr for 1—3 nodes in 
premenopausal women 





radiotherapy obsolete. The potential hazards, par- 
ticularly in less skilled hands, and the unpleasant side 
effects of radiotherapy militate against its use as a 
routine adjunct to a radical mastectomy with less than 
four nodes involved. 


Adjuvant systemic therapy | 
Cytotoxic chemotherapy: Although only recently 
popularized, cytotoxic chemotherapy (Table H) has 
been considered useful for some years. Both Donovan 
et al. (1976) and Hancock et al. (1976) have recently 
published uncontrolled data showing an apparent 
advantage for adjuvant chemotherapy from studies 
commenced over 10 years ago. 


There have been three properly controlled studies of. 
adjuvant cytotoxic chemotherapy in patients with 
positive lymph nodes. A 10-year follow-up has been 


reported for a study with Thiotepa (Fisher, Slack 
et al., 





1975) and two current studies have reached the . 
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Table HI: SPECIAL INVESTIGATIONS IN 
MANAGEMENT 

Investigation Value 
Useful 


Simple, economic, aids 
management 

Recommended for selected 
patients: should be done in 
patients with greater likelihood 
of metastases, e.g. positive nodes 

Essential addition to scintigraphy 

Limited value except for high risk 
patients if scintigraphy not 
available 


Outpatient biopsy 


Scintigraphy 


Hot-spot X-rays 
Skeletal survey 


Uncertain value 
Biochemical tests: 
urine hydroxyproline, 
creatinine ratios, 
serum ferritin 
Tumour markers: 
CEA, B-HCG, 
K-casein, 
alpha-fetoprotein 
Oestrogen receptors 


May reflect metastases and 
increase accuracy of 'scanning': 
no place yet in treatment 
decisions 

Investigational: may reflect 
metastases status: no role yet 
in treatment decisions 


No practical application yet for 
early cases 

No demonstrable relevance at 
present to breast cancer 


immunological studies 


stage of a preliminary report, one with phenylalanine 
mustard (Fisher, Carbone et al., 1975; Fisher, Glass 
et al, 1977) and the other with cyclophosphamide, 
methotrexate and 5-fluorouracil (CMF) (Bonadonna 
et al., 1976, 1977) (Table HI). Each of these studies has 
demonstrated an advantage in terms of reduced local 
recurrence for chemotherapy in premenopausal 
women. This constitutes a significant advance in the 
management of these patients, whose survival is poor 
(50 per cent at 5 years). 

In each study patients had local radical surgery as 
the primary treatment and hence there was a likeli- 
hood of a significant reduction in tumour bulk. None 
of the studies has demonstrated a significant advan- 
tage for chemotherapy for postmenopausal women, 
and it is important to note that though the early 
results from the Milan study (Bonadonna et al., 1976) 
did show an advantage at 27 months, this is not true 
of the later analysis at 3 years (Bonadonna et al., 
1977). 

As the death rate of premenopausal controls is 
twice that of chemotherapy patients at 3 years in 
Bonadonna's study, it seems very likely that a signifi- 
cant survival advantage for this group will soon be 
demonstrated. 

It must be emphasized that chemotherapy is asso- 
ciated with a significant morbidity and it would be a 
superfluous and unreasonable treatment for those 
patients with primary breast cancer who are unlikely 
to have occult metastases (e.g. node-negative patients 
with a tumour of less than 2-5 cm in diameter). 

At the present time, chemotherapy has established 
its effectiveness in delaying recurrence in node-positive, 
premenopausal patients. Effects seem greater than 
those that could have been produced by a 'chemical 
oophorectomy', though this is a suggested explanation 
for the better results which are seen in premenopausal 
women. Possibly some premenopausal women are 
really having combined chemo-hormonal treatment. 

The aim must now be to demonstrate similar results 
with regimens that are less toxic and more readily 


applicable outside specialized centres. While the 
position is still not sufficiently clear to enable recom- 
mendation of chemotherapy as a routine to all node- 
positive patients, it seems likely that this will soon 
become the case for premenopausal women. For pre- 
menopausal patients with one to three nodes the 
results with CMF in terms of delaying recurrence are 
so good (over 90 per cent disease-free at 3 years) that 
this must be the yardstick against which less toxic 
regimens should be measured. It is also to be hoped 
that trials will delineate chemotherapy protocols of 
lesser toxicity and greater effectiveness, appropriate to 
different risk groups. Thus a minimal chemotherapy 
regimen may be appropriate to cases with few axillary 
nodes involved while a more toxic regimen will be 
justified in those patients with a higher risk of dissemi- 
nated disease and therefore a greater residual tumour 
load at the time of primary therapy. 

Other forms of systemic treatment and combination 
regimens: Although several studies (Smith and Smith, 
1953; Treves, 1957; Paterson and Russell, 1959; 
Horsley and Horsley, 1962; Nissen-Meyer, 1965; 
Cole, 1968) have all claimed an advantage for prophy- 
lactic oophorectomy in early breast cancer, the best 
controlled study of all (Ravdin et al., 1970) failed to 
demonstrate any advantage over controls for either 
recurrence rate or survival. No study has yet looked at 
the effect of oophorectomy in patients with oestrogen- 
receptor-positive tumours and the benefit in these 
patients may have been diluted below the level of 
significance in previous trials. Meakin et al. (1974) 


-have reported improved survival for premenopausal 


women over 45 years following adjuvant ovarian 
irradiation plus prednisone. There is no reliable evi- 
dence at present to justify prophylactic oophorectomy 
either alone or with chemotherapy as part of general 
primary treatment, outside of properly conducted 
trials on patients with known oestrogen receptor 
status. 

Antioestrogens, and in particular Tamoxifen, have 

been shown to be effective in advanced breast cancer 
(Priestman et al., 1977) and it is thus logical to perform 
clinical trials of these substances after surgery, either 
alone or with chemotherapy. No such trials have as 
yet been reported. 
Immunotherapy: Immunotherapy in solid tumours has 
to date promised a lot but delivered little, probably 
because too much has been asked of it. A patient with 
a clinical tumour has already demonstrated the failure 
of her particular immune response to cope. It should 
be realized that specific immunotherapy has shown 
some effect in animal tumour systems only when a 
very small number of cells are present—a situation un- 
related to established clinical breast cancer. At present 
there is no experimental evidence to support trials of 
this nature in early clinical breast cancer. 

Non-specific immunotherapy has been used in a 
number of ways (BCG, Corynebacterium parvum, 
levamisole, transfer factor) in advanced disease. No 
results have been reported in early breast cancer. Bene- 
fits have been claimed with a combination of chemo- 
therapy and C. parvum over chemotherapy alone and 
with the use of levamisole in association with primary 
treatment of locally advanced disease. Should immuno- 
therapy ever be shown to be effective in clinical disease, 
the combination of immunotherapy and chemotherapy 
would be logical, as they may act in a different and 
complementary manner and both are likely to be 
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Perfection always at hand. 


Full information on request 


Americein Hespitel Supply (UK) Lie 


Station Road, Didcot, Oxfordshire OX11 7NP Telephone: 0235 813501 Telex: 837217 


Its where a wound is continuously 
cleansed by thousands of individual beads; 
exudate is effectively absorbed faster than the 
wounds ability to secrete it. 

Its where bacteria and wound debris are 
actively transported away from the wound. 

And substances responsible for inflammation, 
oedema and crust formation are separated from 
the delicate wound surface. 

Debrisan beads create such an environment. 
Without any reported sensitization. 


The totally new concept for cleansing 
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Debrisan beads 
magnified x30 under blue transmitted 
and red incident light. 


ent of the future. 


By a unique mechanical action Debrisan 
removes from the wound those substances which 
normally complicate wound healing. 

Pain and malodour are quickly reduced. 
Healing can now occur in an ideal environment. Fast. 
And often when all other approaches have failed. 

Use Debrisan on all moist, small area burns, 
wounds and indolent ulcers whether clean or 
infected. WAS | 

Patients can enjoy the benefits of the healing 
environment of the future. Today. 


Pharmacia 


Debrisan (regd) dextranomer 
iS a product of 

Pharmacia (Great Britain} Ltd 
Prince Regent Road 

Hounslow 

Middlesex TW3 INE 
Telephone: 01-572 7321 
Further information is available 
on request to the Company 


* 


Prescribing Information 


Presentation 

Sterile, Straw-coloured spherical beads 
of dextranomer of 0.1 - 0.3mmin 
diameter, packed in sterile castors 
containing 60g and sachets 


E 4g. 


Uses 

Debrisan is a dressing for moist, small 

area burns, wounds and indolent ulcers 

whether clean or infected. Since it 

promotes the formation of granulation 

tissue it may be used to prepare burns 

for grafting. 

sage and Administration 

The wound must first be washed with 
Saline and any loose debris removed. 
Moisture is left in the wound to ensure 
hydration of the Debrisan which is in 
direct contact with the wound surface 
Debrisan is then poured onto the 
wound to a depth of 3mm. A pieagof lint 
or Meiolin is then bandaged over Me 
dressing to hold the Debrisamin place. 
Before the layer is saturated — this is 
usually evident by discolouration of the 
whole layer - the Debrisan is rinsed off 
with saline and a new layer applied 
Initially a twice daily change may be 
necessary, but after a few days, the 
frequency can often be reduced to once 
a day. Shallow wounds, or those in 
awkward positions, may be dressed 
more easily by mixing four parts of 
Debrisan with one part of glycerglto ^ 
form a stiff paste. This may be spread 
into the wound with a spatula toa depth 
of 3mm or more. Dressing continues as 
above. The paste should be prepared 
freshly at each application. 
Full instructions for use are enclosed 
with each pack. Treated in this manner 
the wound will remain soft and pliable 
during healing. 


Contra-Indications, Warnings, etc. 
1) Do not leave Debrisan for more than 
24 hours on wounds with a very low 
exudation rate as it may dry and form a 
crust which may be difficult to wash off. 
2) Occlusive dressings may lead to 
maceration of skin around the wound 
under treatment. 

3) When deep infected wounds are 
treated, care must be taken to wash 
Debrisan from the depths of the wound. 
4) No side-effects have been reported. 


Warning 
Debrisan spillage can render surfaces 
very slippery. Clear spillages promptly. 


Caution 

In order to avoid cross-contamination it 
Is recommended that the contents of a 
castor or sachet be confined to the 
treatment of a single patient for one day. 


Pharmaceutical Precautions 
Keep in a dry place in well-closed 
containers. 


Package Quantity 
Castors of 60g. Also available in 4g 
sachets in packs of 7 sachets. 


Basic N.H:S. Price: 
60g castor £19.75 

7 x 4g sachets £9.75 
Product Licence No: 
0009/0021 





to levitation | 


Imagine how much easier and 
efficient operations would be if 
there were no operating table to get 
in the way. 

If you could simply suspend 
the patient firmly in mid-air in 
precisely the correct position. 

And if you could change that 
position with a minimum of fuss or 
disturbance to patient. 

Well Thackray believe that after 
years of research and development, 
they've designed the next best thing 
to levitation. 


The Thackray International 5. 
The International 5 general table 
has a five section top instead of the 
more conventional four. 

Why five? Because it makes 
anatomical sense to have table top 
articulations corresponding to the 
four major points of articulation of 
the body. 

It's an advantage that soon 
becomes obvious in operation when 
minimal patient repositioning is 
required. 

The advantages of the 
International 5 do not stop at five. 
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There's the unique 
hydraulically operated control 
system giving smooth, fail-safe 
control of the table's amazing 
repertoire of movements. 

The built in X-ray facilities and 
ability to accept a host of 
accessories including orthopaedic 
attachments. 

The International 5. It one-up's 
every other operating table. 


THACKRAY 


Chas. F. Thackray Ltd., 
P.O. Box 171, Park Street, Leeds 
LS1 1RQ. England. 








more effective with small tumour bulk. Furthermore, 
non-specific immunostimulation could counteract 
dose-limiting marrow depression, thus allowing high 
doses of chemotherapy. 

At present immunotherapy is associated with severe 
side effects and should not be used for early breast 
cancer until it is established that either alone, or in 
conjunction with chemotherapy, it is superior to 
chemotherapy alone. Trials are in progress to assess 
various immunotherapy-chemotherapy regimens and 
the results of these are awaited with interest. It is 
relevant that long term chemotherapy carries a risk of 
inducing new tumours and it is possible that immuno- 
therapy might counteract this effect, particularly in the 
younger woman who is particularly at risk, and who 
at present has shown benefit from adjuvant chemo- 
therapy. It should be stressed, however, that there is 
little basis for optimism in the use of immunotherapy 
in clinical cancer at the present time. A greater under- 
standing of the mechanisms of tumour immunity may 
lead to approaches which will have a greater chance of 
being clinically useful—a statement which has been 
repeated on innumerable occasions over the past 80 
years! 


Some disadvantages of treatment 

Surgery 

The negative aspects of surgery are biological, 
psychological, cosmetic and functional. The known 
biological consequences of mastectomy are minimal 
and confined to depression of lymphocyte function of a 
few days' duration. There is no evidence that this is 
detrimental and at present it would seem that it can be 
ignored. While there can be no doubt that mastectomy 
is an extremely traumatic experience for most women, 
the majority adjust adequately and quickly to their 
situation. Studies have shown that fear of mastectomy 
is not the major factor leading to the delay in presen- 
tation of breast cancer patients, and that fear of in- 
complete eradication of the tumour is of greatest 
concern (Magarey and Todd, 1976). Accordingly, 
breast preservation should remain a high priority for 
the future but should not be used as a justification for 
treatment regimens which diminish the chance of cure. 
Meanwhile, the psychological sequelae of breast 
cancer and mastectomy should receive greater atten- 
tion than has been the case in the past, particularly in 
the group of patients who have great difficulty in 
adjusting to their situation. 

Little is known about the relative functional results 
of simple, Patey and conventional radical mastectomy. 
Preservation of the pectoralis major undoubtedly has 
cosmetic advantages, particularly in younger women, 
but the functional difference between simple and skilled 
radical mastectomy does not seem to be very great. 
Roberts et al. (1972) compared the effects of simple 
mastectomy with and without radiotherapy and 
radical mastectomy. They found that dissection of the 
axilla caused arm oedema in 46 per cent and some 
decrease in shoulder movements in .25 per cent of 
patients as compared with 15 per cent and 0 per cent in 
patients with simple mastectomy. They do not men- 
tion whether the patients were inconvenienced by 
these changes or whether these effects passed with 
time. Atkins et al. (1972) carried out a long term 
detailed study and found no significant difference 
in disability in their trial of local excision versus 
radical mastectomy when each was combined with 
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radiotherapy. A full range of movements and minimal 
or no oedema should be considered normal after 
both operations. ig^ 


Results are less satisfactory in the presence of sub- =- 


optimal surgery (ischaemic or tense flaps), when sur- 
gery and radiotherapy to the axilla are combined or 


when recurrent disease supervenes. These problems . id 


have led to condemnation of radical surgery, but each 
can be avoided in most cases. Thus, where careful 
surgery is carried out in early breast cancer differences 
in functional results are not sufficient to influence 
decisions made on the likelihood of cure. 


Radiotherapy 


Three possible adverse effects of radiotherapy need tò Et 
be considered—radio-necrosis, radiation-induced cans. 


cer and a possible adverse effect on tumour cure. | 
Radio-necrosis is rare with modern techniques, es- - 
pecially when used for prophylaxis. The high dosages _ 
necessary to control overt breast cancer for primary . 
tumours are associated with some risks of damage to - 


normal tissues. The cosmetic results following radical E 


radiotherapy are variable; in some cases the breast is 


almost normal but in others the results are such as to | K 


be no better than mastectomy. The long term problem . 
of radiation-induced cancer is real and it has been — 


shown to occur in the rectum following radiotherapy _ 3 


for cervical cancer (Smith, 1962; Qizilbash, 1974). 
Although breast cancers have been induced by radia- — . 
tion with latent periods of 11-20 years (Mackenzie, - 


1965; Myrden and Hiltz, 1969) and can occur after — — 


very low dosages, new malignancy seems to be rare 
after adjuvant radiotherapy, Brinkley and Haybittle 
(1975) seeing not a single case in their 25-year follow- 
up (although it could well masquerade as recurrence). 


Radiation-induced cancer is of little importance $i 


where long term prognosis is poor, but may be of 
importance when treating early cancer in young 
patients with a high chance of cure. It should be taken _ 


into consideration in planning treatment for such — e 


patients, particularly in assessing the relative merits - 
of radical mastectomy and simple mastectomy plus 
radiotherapy and even more so for lumpectomy and 
radiotherapy. | 


There has been much debate on whether radio- > 


therapy might worsen prognosis by decreasing host . 
immunity, either at a local level or systemically. Host- 
tumour interaction at the local level is sometimes inter- 
fered with, as shown by extensive tumour growth con- 
fined to the area of radiation. This phenomenon has 
been given undue prominence for it is an uncommon 
occurrence and no more likely after radiotherapy than 
chest wall recurrence after mastectomy if surgery is 
used for similarly aggressive tumours. The effect of 
radiotherapy on general immunity has been assessed 
in a number of studies. There is good evidence that 
cellular immune mechanisms (T cell function) are 
reduced for very long periods after radiotherapy. 
Whether this is clinically significant is not known at the 
present time. T cell function correlates poorly with 
prognosis in an individual case of cancer and at present 
there is no evidence that such changes in immune 


competence influence the course of cancer (Whitehead . ~ 


and Hughes, 1977). While it would seem desirable to — 


preserve immunity, there is no justification at present - 


for withholding radiotherapy on this basis. It would 


seem equally wise to avoid its use in those cases where — ` 


there is no reasonable evidence of benefit. 
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Table IV: MANAGEMENT OUTLINE FOR EARLY BREAST CANCER 


Initial care 


(examination + Investigations 


Patient status xerogram) Scan X-ray 
Subclinical Biopsy with No Chest 
‘localization 
techniques’ 


Minimal clinical Outpatient biopsy 


if available Chest 


Definitive care . Follow-up 


3-monthly for 1 yr 
Annual examination 


Benign: no further treatment 
In situ carcinoma: segmental 


excision or total mastectomy +- biannual 
-axillary clearance xerogram second 
breast 


Total mastectomy and axillary Negative nodes, as 


cancer Bone hot clearance above: positive 
spots nodes, specialist 
follow-up (? trial) 
Clinically prominent Outpatient biopsy Yes Chest Patey or Halsted mastectomy As for positive nodes 
cancer (referral Hot spots above 
if 
necessary) 





An adverse effect of radiotherapy on host-tumour 
interaction has been suggested by Stjernsward, after 
he had analysed many large series of cases treated with 
and without radiotherapy (Stjernsward, 1977). He 
has suggested that early prognosis might be worsened 
by about 10 per cent where radiotherapy is used in 
early breast cancer. The statistics underlying this 
conclusion have been disputed by other workers (Levitt 
and McHugh, 1977; Levitt et al., 1977) and Duncan 
and Kerr's results (1976) show that at least for stage I 
patients, radiotherapy can give very high cure rates. 
It seems likely that the benefits of radiotherapy when 
used to treat significant tumour bulk would outweigh 
any potential systemic harmful effect, but node- 
positive patients with occult metastases might be at 
risk from a harmful systemic effect of routine post- 
operative radiotherapy. 


Chemotherapy 

Much of the resistance to the use of chemotherapy has 
stemmed from the fear that it may damage host im- 
munity, because cytotoxic drugs are similar to those 
used for immunosuppression, where prolonged use in 
transplant patients has led to development of an 
excess of new tumours. However, the two situations 
are quite different. Immunosuppression requires con- 
tinuous daily therapy in order to be effective, whilst 
cyotoxic drugs are given intermittently, usually once 
a month. Patients with advanced cancer are already 
immunosuppressed and we have been able to show 
that standard combination cytotoxic therapy has no 
added immunosuppressive effect. There can be no 
doubt that in advanced breast cancer the benefits 
outweigh any possible ill effects. 

The situation may be different in early breast cancer, 
where patients have a more normal degree of immune 
competence, which may be more susceptible to cyto- 
toxic therapy. Data are not yet available but this 
situation is being studied in a number of centres. At 
present there is no good evidence that intermittent 
chemotherapy is carcinogenic. 

Even here, the benefits of chemotherapy in patients 
having a high risk of recurrence are likely to outweigh 
any possible side effects, but chemotherapy should 
not be given to patients with a high chance of cure by 
conventional therapy until the long term biological 
effects are more clearly defined. 


Recommendations for management 
The following management policies are recommended 
on the basis of factual knowledge and known biological 


behaviour of breast cancer (Table IV). They assume 
that cure is the primary aim of treatment and that 
this consideration outweighs questions of psycho- 
logical trauma and minor functional disturbance. It is 
our experience that an overwhelming majority of 
women put cure as the first priority, but we accept 
that lesser procedures may be indicated for a minority 
of women who decline radical treatment on emotional 
and aesthetic grounds. We would emphasize the 
importance of participation, where possible, in clinical 
trials which are sufficiently well designed and organized 
to provide some answers to the many remaining prob- 
lems of management. 


Subclinical cancer | 

All patients with suspicious mammographic findings 
and no clinical lump should be dealt with by a team of 
surgeon, radiologist and pathologist who are familiar 
with and have a defined policy of management for this 
condition. (The management has been outlined earlier.) 


Minimal clinical cancer 
These patients should be managed preferentially by 
total mastectomy and extrafascial axillary dissection 
in continuity, by either a Patey or Halsted technique 
(for technique of axillary dissection see Riddell, 1948). 
Careful histology of axillary nodes should be obtained. 
Simple mastectomy plus radiotherapy is a reasonable 
alternative, although possibly marginally less desirable 
than skilled radical surgery. Any technique which 
leaves axillary nodes without adequate primary treat- 
ment cannot be justified on present knowledge. 

Skeletal scintigraphy or radiology does not give a 
yield sufficient to justify routine clinical use, but these 
procedures should be carried out postoperatively 
where four or more nodes are found to be involved. 
Radiotherapy should be used selectively, being recom- 
mended in those patients who are likely to benefit and 
eschewed in those cases where there is no clear indica- 
tion. Thus it should be given to the chest wall, internal 
mammary and supraclavicular regions in patients 
with more than four nodes involved as a mainly 
palliative measgre to decrease local recurrence and 
increase the disease-free interval. It is reasonable to 
give radiotherapy to the internal mammary nodes 
with the hope of increasing cure rates in patients with 
medial quadrant tumours and less than four axillary 
nodes involved. 

Patients with positive nodes should be considered 
for inclusion in adjuvant chemotherapy trials in a 
center with a special interest in breast cancer. 


Clinically established breast cancer 

Preoperative screening for metastases is desirable in 
these patients as overt (radiological) metastases con- 
traindicate mastectomy as primary treatment. If no 
metastases are found, treatment follows the policy for 
minimal clinical cancer, with the addition that radio- 
therapy may reasonably be given to the internal mam- 
mary region for medial quadrant tumours with 
negative axillary nodes. 

Node-positive patients should be entered where 
possible for trials of adjuvant therapy. Chemotherapy 
should not be given routinely outside clinical trials 
at the present time, but it is likely that this will become 
preferred routine policy for node-positive premeno- 
pausal women in the near future. 

If a non-specialist hospital does not have scinti- 
graphy facilities, the referral of node-positive patients 
to a specialist centre for full assessment is desirable, 
hopefully for entry into a properly designed trial. 


Patients with locally advanced disease 

Patients with locally advanced disease will require 
early systemic treatment and individualized local con- 
trol measures, but details of management are outside 
the scope of this paper. 


Follow-up 

The incidence of contralateral cancer makes routine 
follow-up of the opposite breast mandatory. The 
optimal frequency of examination is unknown, but 
monthly self-assessment, annual clinical examination 
and biannual mammography seems a reasonable 
pattern. 

Where patients have been entered into randomized 
trials, frequent documentation is essential to adequate 
assessment, 

There is no evidence that early treatment of re- 
current disease gives better palliation than commencing 
treatment when the patient becomes symptomatic. 
Thus for patients with early breast cancer who have 
had adequate primary treatment, there is no reason to 
follow up the affected side more frequently than is 
required for surveillance of the opposite breast. It is 
probable that prolongation of intervals between 
follow-up is psychologically less damaging to the 
patient than frequent outpatient visits. 
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perating theatre ? 





With the experience gained from the installation of 





over 100 operating theatres, the MEDIC system provides 
the ideal solution to new operating theatre construction or 


creating the latest facilities in older buildings. 
This applies both to the small clinic or the most 
complex multi theatre department. 


STERILE AIR SUPPLY 


AND INTEGRATED A 
MOVEMENT SYSTEM 


rapid removal of air-borne 
bacteria and comfortable 


operating environment. 


INDIRECT OVERALL 
LIGHTING giving 
shadowless, glare-free 
general illumination. 


FULL RANGE OF 
SPECIALLY 
DESIGNED WALL 
MOUNTED 
EQUIPMENT - easily 
serviced without 
entering the operating 
theatre. 


CUSTOM BUILT - 
ideal conditions for 
surgeon and patient, 
with the optimum 
layout designed for 
each hospital. 


Write or telephone for the 
MEDIC brochure which 


describes this modern, 
proven system. 
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OCTAGONAL SHAPE 
FOR IDEAL FLEXIBLE 
LAYOUT - eight access 
sides instead of four. 





CLEAR, 
UNOBSTRUCTED 
FLOOR AREA. 


TOUGH, SMOOTH, 
MAINTENANCE FREE 
WALL FINISH for easy, 
fast cleaning 


* 


TWIN WALL 
CONSTRUCTION 
provides good acoustic 
and thermal insulation. 


MODULAR 
PRE-ENGINEERED 
CONSTRUCTION 
ensures quick, clean, 
and dry on-site erection 
of the self-supporting 
structure, with savings 
in installation costs. 
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New Microporous Adhesive Ostomy Bags 


Skin trouble affects a lot of stoma patients who use adhesive-held appliances. 

Hollister did something about it. 

We introduced a microporous adhesive dra/nab/e bag which has been tested 
in hospitals and proved outstandingly effective. The unique Hollister microporous 
material has thousands oftiny pores through which air can circulate, lettingthe skin 
‘breathe’. This prevents soreness caused by trapped perspiration and it's altogether 
more comfortable.' 

Now our new microporous c/osed bag offers the same vital benefits to 
colostomy patients who need an adhesive held bag. 

That's good news for all your ileostomy and colostomy patients 
who've had trouble with ordinary adhesive appliances. We can 
nowsave their skin as well. 


The Team That Cares leen ABBOTT C 
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"Tc"-polyphosphate uptake by breast tumours 


CHARLES A. C. CLYNE, P. M. PERRY, A. GIBSON AND M. A. MACLEOD* 


SUMMARY 

Technetium polyphosphate uptake by breast tumours has 
been investigated in 69 patients. Although 70 per cent 
(38 out of 54) of malignant tumours took up the isotope 
in comparison with 45 per cent (5 out of 11) of benign 
lesions, this technique would be unreliable for diagnostic 
purposes. 


THERE is no satisfactory method of detecting breast 
cancer without tissue biopsy, although assessment of 
the phagocytic activity of the primary axillary lymph 
. nodes draining the tumour-bearing breast is giving 
..encouraging early results (Agwunobi and Boak, 1978). 
. Since Low-Beer reported the uptake of ??P by 
breast tumours in situ (Low-Beer et al., 1946), isotopes 
such as “K (Baker et al, 1955), 1*'Hg compounds 
(Sodee et aL, 1965; Buchwald et al., 1969) and more 
recently ?!?'[ (Eskin et al, 1974) and *'Ga-citrate 
(Richman et al., 1975a), have all been shown to have 
some affinity for breast tumours. 

Technetium derivatives have been reported to 
display primary breast tumours (Whitley et al., 1966; 
Berg et al, 1973; Cancroft and Goldsmith, 1973; 
Chaudhuri et al., 1974) and are now widely used as 
bone scanning agents to detect metastatic spread 
(Subramanian et al., 1977). 

It has been claimed that technetium polyphosphate 
(°°Tc™PP) is an accurate breast tumour marker and 
that differentiation can be made between benign and 
malignant lesions (Weinraub et al., 1975). The pur- 
pose of our study was to determine whether technetium 
polyphosphate is selectively taken up by breast tumour 
tissue and whether this could provide a useful screen- 
ing procedure for malignant breast tumours. 


Patients and methods 

Sixty-nine consecutive patients with breast lumps that were 
clinically suspicious of malignancy were studied. Each patient 
underwent routine blood investigations and conventional 
skeletal radiology and was then referred for bone scanning 
during which the breasts themselves were scanned. Each patient 
was given 12 mCi *°Tc™PP intravenously and 3 h later both 
breasts were exposed through a flexible lead shield to a Picker 
500 Magnascanner with a collimated head, each breast being 
counted separately for 100 s. Routine bone scintigraphy was 
subsequently performed on each patient using a Searle Pho- 
Gamma Ill HP camera. 

In order to study the dynamic uptake of *°Tc™PP in malig- 
nant and normal breast tissue, 3 patients had their breasts 
monitored immediately after the intravenous injection. Data 
were collected by the gamma camera for 30 min and then 
formed into three separate 10-min frames by a Varian 620L-100 
computer. Regions of interest were drawn on a summed view 
and the corresponding time-activity curves formed. 

The day following the technetium studies all patients under- 
went open biopsy and further surgery as required. 


Results 

Histology proved 58 lumps to be malignant. However, 
of these patients 2 were shown to have metastatic 
disease in the ribs underlying the affected breast, 1 
patient proved to have bilateral breast cancer and 1 
other had already undergone contralateral mastec- 
tomy. Of the remaining 54 patients with unilateral 
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malignant disease suitable for study, 28 (70 per cent) 
had a higher count over the affected breast when com- 
pared with the contralateral normal breast (¢ = 1-43, 
P= 0-2 using the paired z test). Of the 11 patients 
with unilateral benign breast tumours, 5 (45 per cent) 
showed a higher count over the affected breast. 

Our dynamic uptake studies in 3 patients who sub- 
sequently proved to have higher counts over the 
affected breast showed a higher uptake of isotope in 
this breast with retention of activity from 20 min 
onwards. Fig.1 shows the time-activity curve derived 
from one of these studies. 
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Fig. 1. Time-activity curve showing loss of activity from the 
malignant breast, A, and the contralateral normal breast, B. 


Discussion 
Technetium polyphosphate (**Tc* PP) was introduced 
in 1971 (Subramanian and McAffee, 1971) and has 
achieved wide use as a bone scanning agent. The 
mechanism of uptake into bone is partly understood 
(Jones et al., 1976), but littleis known of the mechanism 
whereby **Tc™PP is taken up by non-calcified tissue, 
although its soft tissue distribution has been described 
(Subramanian et al., 1972; Krishnamurthy et al., 1974). 
Extraosseous soft tissue tumour uptake is not infre- 
quent (Richman et al, 1975), but the first report of 
breast tumour uptake of *"Tc*»PP was by Chaudhuri 
(Chaudhuri et al., 1974), which complemented previous 
reports of breast tumour uptake of technetium 
pertechnate (Whitley et al, 1966) and technetium 
diphosphonate (Berg et al., 1973). 

Although **Tc™PP is known to bind to plasma pro- 
teins and red cells (Krishnamurthy et al., 1974), in- 
creased counts over the affected breast do not seem to 
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be due simply to increased tumour vascularity, as 
there was an absence of simultaneous comparable 
activity in the heart and liver; neither was there a rela- 
tionship between tumour histology and isotope up- 
take. Schmitt et al. (1974) have suggested that the 
uptake of polyphosphate by the breast and other soft 
tissues is identical to that of bone and may be the 
result of binding of polyphosphate by receptors on 
enzymes, such as phosphatases. Some activity may be 
due to the free pertechnate ion (**Tc"O*-) being trap- 
ped by the breast in the same manner as the iodide 
radical (Hays and Berman, 1977), and although radio- 
isotopes of iodine itself are reported to be taken up by 
breast tumour tissue (Eskin et al., 1974), we have also 
studied tumour uptake of "5I (sodium iodide) and 
found this to be unreliable. 

Large series of breast cancer scintigrams using 
technetium pertechnate (Richman et al., 1975b) and 
technetium diphosphonate (McDougall and Pistenma, 
1974) have failed to confirm their value as a diagnostic 
screen. Although *°Tc™PP frequently gives visualiza- 
tion of breast tumours, we do not support the con- 
tention of other workers (Weinraub et al., 1975) that 
it differentiates benign from malignant lesions. 
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Postoperative external small bowel fistulas: a study 
of a consecutive series of patients treated with 
intravenous hyperalimentation 


R. L. BLACKETT AND G. L. HILL* 


SUMMARY 

A consecutive series of 25 patients who developed 
external small bowel fistula within 2 weeks of abdominal 
surgery is described. Half the patients had a primary 
diagnosis of inflammatory bowel disease and the fistula 
arose usually as a result of direct trauma to the bowel 
or the breakdown of an anastomosis. 

All the patients were treated conservatively with total 
bowel rest and intravenous hyperalimentation. In 15 
(60 per cent) spontaneous fistula closure occurred, in an 
average period of 32 days. In 8 patients the fistula failed 
to close and surgery was performed, but was effective in 
only 3 cases. Thus the fistula eventually closed in 18 
patients. Five patients died, all from intra-abdominal 
sepsis. Of the 8 patients with a primary diagnosis of 
Crohn's disease, 3 died, 2 have a persistent fistula, 1 
has a permanent ileostomy and spontaneous closure 
occurred in only 2. 


UNTIL recently the morbidity and mortality from 
enterocutaneous fistula were high (Edmunds et al., 
1960; Lorenzo and Beal, 1969). With the advent of 
effective techniques for the administration of paren- 
teral nutrition the mortality has fallen precipitously 
{MacFadyen et al., 1973; Monod-Broca, 1977). Of all 
the types of enterocutaneous fistula, the morbidity and 
mortality have been highest with small bowel fistulas 
ions have arisen in the postoperative period (Fischer, 
1975). 

Most recent reports (MacFadyen et al., 1973; Aguire 
et al, 1974) of series of patients treated with intra- 
venous hyperalimentation have been concerned with 
fistulas, both internal and external, arising from all 
parts of the gastrointestinal tract, and it has some- 
times been difficult to gain a clear picture of the 
patients who were being described and the results of 
their treatment. 

In this paper we present the results of a conservative 
approach to a consecutive series of patients, all of 
whom developed external small bowel fistula in the 
postoperative period. 


Patients and methods 

We have treated 25 patients with small bowel fistula over the 
past 2 years. Although all the fistulas arose within the first 2 
postoperative weeks, only half were referred to us immediately, 
the others being referred after periods which varied from 3 to 
5 weeks. Thus, although this series is a consecutive one it 
probably does not reflect an average fistula population since 
13 of the patients were referred as ‘treatment failures’ from 
elsewhere. 

Table I gives the age, sex and primary surgical diagnosis of 
each patient as well as the site and number of fistulas present. 
It can be seen that 19 of the 25 patients had a daily fistulous 
drainage of more than 500 ml (range 550-3000 ml/d). Table IH 
is a summary of the factors associated with the aetiology of the 
fistulas. It can be seen that the surgery was for inflammatory 
bowel disease in more than half of the patients, and the most 
common precipitating causes appear to be anastomotic break- 
down and lysis of adhesions. 


Management 

Management followed the same general lines for all the 
patients. At the outset, after resuscitation and control of sepsis, 
the fistulous drainage was collected in a sealed bag and intra- 
venous hyperalimentation was instituted. Definitive surgery 
was undertaken in 8 patients in whom spontaneous closure did 
not occur. 

Resuscitation and control of sepsis: AW the patients had 
established enterocutaneous fistula at the time of referral. 
Subcutaneous collections were opened and drained and sutures 
were removed wherever possible. In 6 patients intraperitoneal 
sepsis was suggested by a high swinging fever and leucocytosis. 
In each case an intra-abdominal abscess was drained under 
general anaesthesia. No attempt was made in this early period 
to search for the fistula opening or to perform definitive 
surgery. 

Resuscitation with blood, albumin and electrolytes was 
necessary for most of the patients. At the outset 14 had a 
plasma albumin concentration of less than 35 g/l and 8 had 
lost more than 20 per cent of their pre-iliness weight. In these 8 . 
patents plasma albumin was replaced by salt-poor albumin. 
The others received plasma protein fraction or whole blood as 
indicated. 

Collection of fistulous drainage: À technique similar to that 
described by Gross and Irving (1977) was used, The skin 
around the stoma was cleaned with soap and water and dried, 
and a base of Stomahesive (Squibb Surgicare Ltd) was applied 
to the skin surrounding the fistula so that a drainable collection 
bag (Coloplast Ltd) could be attached. In cases where difficult 
abdominal contours made application difficult, layers of 
Stomahesive were used to build an adequate base for the 
drainage bag to be applied. This form of collection was suit- 
able in all except 3 cases. In these patients deep hollows near 
to the public symphysis made it temporarily impossible to 
apply a sealed bag and sump drainage was used. 

Intravenous hyperalimentation: Nutritional support was pro- 
vided by intravenous hyperalimentation as soon as the patient's 
condition was stable. In all the patients oral intake was stopped 
and nasogastric suction was instituted, 

Intravenous hyperalimentation was administered through a 
subclavian central venous catheter according to the technique 
described by Duke and Dudrick (1975). The nutrient solution 
was a mixture of 4:5 per cent synthetic L-form amino acids 
(FreAmine II, McGaw Ltd) and 25 per cent dextrose. Bacterio- 
logical culture of blood and the catheter tip was routinely per- 
formed on catheter removal. This was always removed if a 
patient was pyrexial and no other focus of infection could be 
identified. Oral fluids were reinstituted only after the fistula 
opening had been dry and crusted over for a minimum of 5 
davs. 

Mobilization: As soon as the patients were stabilized and the 
intravenous hyperalimentation started they were encouraged 
to get out of bed and vigorous attempts were made to get them 
walking, In one patient with a fractured femoral shaft the 
orthopaedic management was adjusted so the patient could be 
got out of bed and sit up in a chair. All the patients were nursed 
in an open ward with other general surgical patients. Occupa- 
tional therapy was instituted as soon as was practical, 

Definitive surgery: After 4 weeks or so it was apparent that 8 of 
the patients (Cases 11, 12, 14, 15, 19, 20, 24 and 25) had no 
reduction in their fistula output. In each case fistulography 
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Table I: CLINICAL DATA OF 25 PATIENTS WITH EXTERNAL SMALL INTESTINAL FISTULA 


Case Age Sex Primary disease 
1 30 M Duodenal ulcer 
2 36 M Duodenal ulcer 
3 63 M Duodenal uker 
4 48 F Duodenal ulcer 
3 89 M Duodenal ulcer 
6 74 F Cholelithiasis 
7 46 F Duodenal ulcer 
8 29 M Duodenal ulcer 
9 75 F Cholelithiasis 
10 30 M Crohn's disease 
11 2 F Crohn's disease 
12 20 F Crohn's disease 
13 32 F Crohn's disease 
14 30 M Ulcerative colitis 
15 52 F Ulcerative colitis 
16 42 M Closed abdominal trauma 
17 ZI F Small bowel obstruction 
18 36 M Diverticular disease of 
colon 
19 19 F Crohn's disease 
20 60 M Crohn's disease 
21 29 F Crohn's disease 
22 62 F Ulcerative colitis 
23 29 F Ulcerative colitis 
24 27 F Ulcerative colitis 
25 54 F Crohn's disease 


* Low output = less than 500 ml/24 h. 


Table H: FACTORS IN FISTULA DEVELOPMENT 


No. with 
No. of inflammatory 
patients bowel disease 
Suture line failure 
Anastomosis 8 5 
Duodenal stump 5 0 
Duodenal wail 0 
Trauma to bowel 
Drainage of abscess I I 
Lysis of adhesions 6 6 
Associated surgery 4 l 
Total 25 13 





Table HI: ADVERSE PROGNOSTIC FACTORS FOR 
SPONTANEOUS FISTULA CLOSURE 


Failure to 
No. of close Persistent 
patients spontaneously fistula Dead 
Patient > 3 l 0 I 
65 years 
Output > 19 7 i 5 
S500 mi/d 
Jejunal fistula 9 4 0 3 
Crohn’s disease 8 6 2 3 
Multiple fistulas 5 2 Q I 


and a small bowel meal were performed at the same radiological 
screening session. Although 6 of these patients were originally 
operated on for Crohn’s disease, in only one patient (Case 25) 
was the fistula shown to be definitely arising in an area of 
diseased bowel. Two of the patients (Cases 20 and 24) had no 
obvious cause for their persistent fistula, one patient (Case 15) 
had almost complete discontinuity of the bowel and the others 
were found to have abscess cavities lying adjacent to the bowel 
wall connecting both with the bowel lumen and the skin. 
These 8 patients underwent laparotomy at times varying 
from 5 to 8 weeks after the onset of their fistula. In the patient 
with recurrent Crohn’s disease the area of bowel was excised 


Number of 
Site of fistula fistulas Output* 

Duodenal stump i Low 

Duodenal stump i Low 

Duodenal stump l High 
Duodenal stump l Low 

Duodenal stump I High 
Lateral duodenum l High 
Jejunum 1 Low 

Jejunum 1 High 
Jejunum 2 High 
Jejunum i High 
Jejunum 2 High 
Jejunum i High 
Jejunum 4 High 
Jejunum i High 
Jejunum i High 
Heum 1 High 
lieum | Low 

lieum 1 High 
Heum 3 Hig 

lleum ł Low 

Heum 1 High 
Heum 1 High 
Heum i High 
Heum 1 High 
Jleum 1 High 
Spontaneous Failed 


i 


Definitive surgery 


Id 
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Fig. 1. Summary of the results of the present series. 





and a proximal end ileostomy was performed, The distal bowel 
was oversewn. In one patient (Case 15) the jejunal fistula was 
excised together with the area of bowel from which it was 
arising and an end-to-end anastomosis performed. In 5 patients 
(Cases 11, 12, 14, 19 and 24) the fistula opening was found in 
an area of bowel with no macroscopic evidence of granulo- 
matous disease. In each case the fistula opening was sutured 
over with an inner layer of catgut and an outer layer of inter- 
rupted silk. In the remaining patient (Case 20) in whom an 
ileal fistula had been demonstrated radiologically, no fistulous 
opening in the intestinal wall could be found and no definitive 
procedure was performed. 


iudi 


Results 

Ocerall outcome 

Fig. 1 shows the final outcome in the 25 patients. 
Spontaneous closure occurred in 15 patients (60 per 
cent) in an average period of 32 days (range 9-63 days). 
In 10 patients the fistula did not close spontaneously. 
Two of these patients (Cases 6 and 21) died of un- 
controlled sepsis in spite of apparent adequate 
drainage of intra-abdominal abscesses. The remaining 
8 patients underwent definitive surgery. Three of the 
patients (Cases 15, 24 and 25) had no recurrence of 
the fistula after this, but in 2 (Cases 19 and 20) the 
fistula redeveloped and has failed to close. In both 
cases the fistula is of nuisance value only (output less 
than 100 ml/d) and is easily managed with Stoma- 
hesive and an adhesive bag. In the remaining 3 patients 
(Cases 11, 12 and 14) the fistula recurred within the 
first postoperative week, and they developed perito- 
nitis and later abscess formation. Each eventually 
died of overwhelming infection. 


Site and prognosis 

Twenty-one out of the 32 fistulas present in the 25 
patients closed spontaneously. The 5 duodenal stump 
fistulas all closed in an average time of 21 days (range 
9-38 days), 9 out of 14 jejunal fistulas closed in an 
average of 41 days (range 27-57 days) and 7 out of 12 
ileal fistulas closed in an average period of 32 days 
(range 9-63 days). Of the 4 patients (5 fistulas) with 
Jejunal fistulas which did not close spontaneously, 1 
recovered after operative closure but the other 3 died. 
Of the 3 patients (5 fistulas) with ileal fistulas which 
did not close spontaneously, 2 have a persistent fistula 
and 1 has died. 

Monod-Broca (1977) has pointed out that diseased 
bowel, multiple fistulas, jejunal fistulas, a fistula output 
greater than 500 ml/day and an age greater than 65 
years are all adverse prognostic features. These 
factors are examined in Table HI, and it can be seen 
that diseased bowel—a primary diagnosis of Crohn's 
disease—was the only factor that seemed to be 
associated with a particularly bad prognosis. 


Complications of treatment 

There were a small number of complications which 
could be directly attributed to the intravenous feeding. 
Altogether 82 central venous catheters were used and 
positive bacteriological culture of the catheter tip was 
found in 12 (14-6 per cent). In each case there was a 
septic focus elsewhere. In none of the patients who 
died could catheter tip sepsis be incriminated as a 
primary factor. One patient was noted to have oedema 
of the upper half of the body suggesting superior vena 
caval obstruction, but this resolved in a few days after 
removal of the catheter. 


Discussion 

In 15 out of 25 patients (60 per cent) with post- 
operative small bowel fistula conservative treatment 
was successful. In 8 patients the fistula failed to close 
and operation was necessary. Three of these patients 
eventually died of septic complications and in 2 the 
fistula persists. Overall 5 patients died (mortality 20 
per cent). 

Our results with intravenous hyperalimentation 
compare favourably with those reported from North 
America, particularly when it is considered that our 
group had a higher proportion with inflammatory 
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bowel disease (52 per cent), which is a recognized 
adverse prognostic factor. In a combined series from 
Philadelphia and Houston (MacFadyen et al., 1973) 
there were 31 small bowel fistulas. All the duodenal 
stump fistulas closed spontaneously in about 3 weeks 
and two-thirds of the jejuno-ileal fistulas closed in an 
average period of 4-6 weeks. 

Two important findings in the present series are 
that Crohn's disease was associated with a particu- 
larly bad prognosis and that the results were rather 
poor in those patients who came to surgery. In the 
8 patients with a primary diagnosis of Crohn's 
disease conservative treatment was successful in only 
2. Of the others, 3 have died, 2 have a persistent 
fistula and 1 has a permanent ileostomy. 

Our poor results from definitive surgery merit 
attention. Most authorities point out that it is rare for 
a fistula to remain closed if the opening in the bowel 
is simply sutured, which was the technique used in 5 
of our patients. Ideally the segment of bowel con- 
taining the fistula opening should be excised (as was 
done in Case 15), and a careful end-to-end anastomosis 
should be performed in a clean disease-free area of 
bowel remote from the site of the fistula. Although 
this might have been technically possible in 2 of our 
patients, it was not in the other 3. In these patients 
the fistula was high up near the duodenojejunal 
flexure and suture seemed the only possible method of 
treatment. 

This study shows that inflammatory bowel disease 
is not only an adverse prognostic factor but is an 
important risk factor in the development of post- 
operative small bowel fistula. Of the 8 patients who 
developed a fistula from breakdown of an anastomo- 
sis, 5 had a primary diagnosis of inflammatory bowel 
disease. All the patients who developed a fistula after 
lysis of adhesions had inflammatory bowel disease. 

In spite of the fact that we have used a fairly standard 
and widely accepted treatment programme for our 
patients (Fischer, 1975; Cameron, 1977), there is still 
some disagreement about two aspects of the manage- 
ment. Although most now agree that adequate 
nutrition is the cornerstone of therapy in patients with 
fistulas, there is controversy over the precise method to 
be employed. We have not used elemental diets, as 
advised by Bury et al. (1971), preferring to use intra- 
venous hyperalimentation in our patients, most of 
whom had a high output fistula. Our results show that 
this treatment is safe, but it must be realized that 
outside a specialized unit the hazard from this type of 
therapy might outweigh its usefulness. We have 
experience of the use of elemental diets for a wide 
variety of other nutritional problems. The continuous 
infusion of an elemental diet through a fine nasogastric 
tube is particularly appropriate, and is probably the 
nutritional therapy of choice, in all low output fistulas, 
in most ileal fistulas and in almost all colonic fistulas 
(Kaminsky and Deitel, 1975). However, in multiple 
fistulas and most high output fistulas and where caloric 
demands are particularly high we feel that intravenous 
hyperalimentation is more effective. 

The other controversial point is to decide when 
conservative treatment should end and surgery be per- 
formed. For instance, Fischer (1975) appears to advise 
surgery at a much earlier stage than MacFadyen et al. 
(1973). This, however, more likely reflects the type of 
patients that each has treated rather than indicating a 
truly fundamental difference in approach. Our work 
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suggests that the principles outlined by Cameron (1977) 
are sound and well worth following. In the early stages, 
soon after the fistula has developed, intra-abdominal 
abscesses must be drained, but no attempt at defini- 
tive surgery should be made because the risk of damag- 
ing more bowel is high. Later, after a month or so, 
when it is evident that no progress is being made on 
conservative therapy, a thorough radiological evalua- 
tion (fistulography and small bowel meal or enema) 
is required to search for factors that could beresponsible 
for the persistent fistulous drainage. Lack of bowel con- 
tinuity, a large adjacent abscess cavity, persistent or re- 
current inflammatory bowel disease and the presence 
of distal obstruction are all absolute indications for 
definitive surgery. The correct time for this sort of 
surgery is 5-6 weeks after the fistula first developed. 
Surgery undertaken at an earlier time is likely to be 
extraordinarily difficult and the possibility that the 
surgeon will cause further fistula formation is high. 
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Resolving infection 

Zinacef is particularly appropriate for the treatment of 
serious, or potentially serious infections where causative 
organisms have not been identified or may be mixed. 
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Clinical trials involving infections by numerous pathogens in 

many regions of the body have provided evidence that, in 

general, Zinacef produces excellent bacteriological and 

dinical response, with no serious side effects. 

e Zinacef has minimal toxicity giving it a high therapeutic index. 
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Surgical treatment of the severely ischaemic leg: 


ll. Salvage rates 


K. A. MYERS, R. B. KING, D. F. SCOTT, N. JOHNSON AND P. J. MORRIS* 


SUMMARY 

The salvage rates in 437 severely ischaemic legs (384 
patients) treated by arterial reconstruction or by lumbar 
sympathectomy were studied by the life table method. 
The results were analysed in the surviving patients. 

Following arterial reconstruction, the salvage rate 
was 70 per cent at 2 years and 60 per cent at 5 years. The 
results were similar for aortofemoral reconstruction and 
for femoropopliteal bypass grafting. Following aorto- 
femoral reconstruction the outcome was better for 
endarterectomy procedures than for Dacron grafts. The 
salvage rate for femoropopliteal bypass grafts with 
patent tibial vessels was higher than for grafts to an 
isolated popliteal segment or for femorotibial grafts. 
Late occlusion of a reconstruction frequently did 
not necessitate major amputation, whereas several 
amputations were required in spite of a functioning 
reconstruction, 

Following sympathectomy the salvage rate was 60 per 
cent from I year onwards. The results were better for 
tibial artery disease than for femoropopliteal or aorto- 
iliac disease. Failed sympathectomy frequently led to 
major amputation of the leg or death of the patient. 

The salvage rates after either reconstruction or 
sympathectomy were not influenced by age, sex or a 
prior history of clinical myocardial ischaemia, but the 
rates were worse in diabetics. The outcome of either 
operation was best when the procedure was performed 
for rest pain or ischaemic ulceration, satisfactory for 
limited gangrene but very peor for extensive gangrene. 


SEVERAL authors paint an optimistic picture of salvage 
of the severely ischaemic leg by arterial reconstruction 
(Taylor, 1971; Darling and Linton, 1972). Others 
take a pessimistic attitude, particularly in respect of 
femoropopliteal reconstructions (Stoney et al., 1971). 
Lumbar sympathectomy has been overshadowed by 
the more dramatic techniques of arterial reconstruc- 
tion, but some claim that major reconstruction opera- 
tions give no better results than sympathectomy 
(Douglas et al, 1973). Other reports dispute that 
sympathectomy has any effect at all (Fulton and 
Blakeley, 1968; Strandness and Sumner, 1975). Many 
previous studies of sympathectomy have included 
patients with diverse pathology so that the criteria for 
success and the lasting benefits from sympathectomy 
have been hard to assess in the most difficult group of 
patients, those with persistent severe ischaemia due to 
atherosclerotic occlusive disease in major arteries. 

This paper analyses the salvage rates for 384 patients 
with 437 severely ischaemic legs treated by either 
arterial reconstruction or lumbar sympathectomy over 
a 10-year period from 1966 to 1976. All had severe 
ischaemia of the legs due to atherosclerosis affecting 
major arteries. Salvage rates were studied by the life 
table method and were related to the type of operation, 
the site and extent of the disease, age, sex, the presence 
of clinical myocardial ischaemia, diabetes and the 
severity of symptoms. A further 27 patients were 
treated by primary major amputation during the 
period of study. 


Patients and methods 

The distribution of disease, age and sex, the incidence of past 
myocardial infarction or severe angina and of diabetes and 
the clinical features, in relation to the operation performed, 
are shown in Table I. 


Technique of operation 

Arterial reconstruction: All patients treated by reconstruction 
were investigated by arteriography (in the early part of the study 
by percutaneous suprarenal translumbar aortography and 
later by transfemoral or transaxillary catheter studies). An 
attempt was always made to demonstrate the aorta from the 
renal arteries down through the major arteries to the lower leg, 
with oblique views to demonstrate the orifice of each profunda 
femoris artery. 

The operations performed are shown in Table II. In patients 
with aorto-iliac disease the aim was usually simply to re- 
vascularize the profunda femoris artery to increase collateral 
supply to the lower leg. In only, 7 legs was aortofemoral 
reconstruction combined with a femoropopliteal bypass at the 
one operation. Usually this procedure was considered too 
extensive or was not feasible, and in only 3 legs was it necessary 
or possible to perform a femoropopliteal bypass as a secondary 
procedure. Technical failure of an aortofemoral reconstruction 
required further proximal surgery in 9 legs. Endarterectomy 
was preferred to a Dacron graft in patients with localized 
disease, particularly if there was tissue necrosis, because of the 
lesser risk of the reconstruction becoming infected. Open 
common iliac endarterectomy was used without a patch. 
Occasionally closed external iliac endarterectomy was per- 
formed by division at the lower end and eversion of the outer 
layers (Connolly and Stemmer, 1972), Profundaplasty usually 
comprised open endarterectomy of the lower external iliac, 
common femoral and profunda femoris arteries and closure of 
the profunda arteriotomy with a vein patch. 

A femoropopliteal, femorotibial or femoroperoneal bypass 
usually consisted of a reversed long saphenous vein graft, 
although occasionally a cephalic or composite vein graft, 
Dacron graft or arterial homograft was used. The upper anasto- 
mosis was made to the common femoral artery or to the 
superficial femoral artery lower down, with open endarter- 
ectomy of the proximal segment if the only suitable vein was 
short. Veins of less than 4 mm in diameter were rejected. The 
distal anastomosis was made to the popliteal artery below the 
knee or to a tibial or peroneal artery at a point where the 
artery appeared to be free from disease. The policy was to 
perform a lumbar sympathectomy in preference to a femoro- 
tibial bypass, although only one of the 21 distal bypasses 
followed a failed sympathectomy. 

An operative arteriogram was performed in most patients to 
detect technical defects in the graft or distal anastomosis 
(Dardik et al., 1975). Sympathectomy either was performed at 
the same time as the reconstruction or had been performed 
previously as the definitive treatment in most patients. 
Sympathectomy: An extraperitoneal muscle-splitting approach 
was used and the chain was removed over a length of about 
two lumbar vertebrae, usually the second and third. No 
attempt was made to remove the chain at a higher level since it 
is known that limited removal of the chain is associated with 
adequate sympathetic denervation of the foot (Monro, 1959), 
that there is no ganglion at the level of the first lumbar vertebra 
in 50 per cent of subjects (Webber, 1958) and that low- 
thoracic-high-lumbar sympathectomy is associated with rapid 
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Table I: THE OPERATIONS PERFORMED IN 
RELATION TO THE CLINICAL FEATURES 


No. of legs 
Arterial Lumbar 
reconstruction. sympathectomy 

Total 297 231 
Aorto-iliac and femoro- 

popliteal 133 18 
Femoropopliteal 164 154 

Grade II run-off 93 34 

Grade HI run-off 37 58 

Run-off uncertain 34 62 
Tibial — 59 
Under 60 vr 75 33 
60-69 vr 130 83 
70 vr 92 115 
Male 187 124 
Female 110 107 
No clinical myocardial 

ischaemia 233 169 
Past myocardial infarct or 

angina 64 62 
Non-diabetic 245 168 
Diabetic die 52 63 
Rest pain 133 86 
Ischaemic ulceration 34 44 
Limited gangrene 104 88 
Extensive gangrene 26 13 


Table IH: THE NATURE OF THE ARTERIAL 
RECONSTRUCTIONS 


No. of legs 

Aortofemoral reconstruction 133 
Dacron bypass graft 68 
Aorto-iliac endarterectomy 38 
Profundapiasty 27 

Femoropopliteal/-tibial bypass 166 
Femoropopliteal vein graft 138 
Femorotibial vein graft 21 
Dacron bypass 5 
Homograft bypass i 


Table III: THE INDICATIONS FOR LUMBAR 
SYMPATHECTOMY 


No. of legs 
Distal disease 117 
Personal preference 56 
Age and/or poor general health 46 
Failed arterial reconstruction 12 
Total 231 





return of sympathetic function in the TI2-L1 dermatomes 
(Hohf et al, 1954). Removal of the sympathetic chain was 
confirmed by histology. 

The indications for sympathectomy are shown in Table IH. 
The most common was the presence of extensive tibial artery 
disease such that a bypass graft would have been technically 
difficult or impossible. Often the surgeon chose sympathectomy 
in spite of circumstances favourable to arterial reconstruction, 
particularly if there was tissue necrosis with sepsis such that it 
was feared that reconstruction might be complicated by secon- 
dary infection. In only 20 per cent was the indication advanced 
age or poor general health. The patients treated by sympath- 
ectomy after failed arterial reconstruction had all had their 
reconstruction for severe ischaemia, not for intermittent 
claudication. 


Majer amputation: In the early part of the study a Gritti- 
Stokes amputation was preferred, but this procedure is now 
avoided. Later the Burgess type of below-knee amputation was 
favoured (King et al., 1975), since when few patients have 
required a second, above-knee, amputation. 


Statistical analysis 

The survival rates in these patients have been analysed in a 
previous paper (Myers et al., 1978); the present paper studies 
salvage rates in the surviving patients. Patients were entered 
into the study at various times through the 10-year period but 
have been grouped together according to the length of follow- 
up, irrespective of the calendar time of observation. Many 
patients were still under observation with an intact leg at the 
time of finishing the study in late 1976, a few had been lost to 
follow-up and some had died. Alternatively, reconstruction 
may have failed to save the severely ischaemic leg necessitating 
major amputation, or a sympathectomy may have failed to 
relieve rest pain or allow successful conservative amputation 
necessitating subsequent arterial reconstruction or major 
amputation. 

The number of failures due to amputation or the need for 
arterial reconstruction after failure of sympathectomy to relieve 
rest pain or achieve healing were noted in each interval. These 
were related to the number of legs available for study in each 
interval, after discarding patients who had completed follow- 
up, had been lost to follow-up or who had died. The method 
of calculating the failure rate has been described previously 
( Myers et al., 1978). The complement of this failure rate is the 
salvage rate for each interval. Multiplying the salvage rates for 
each successive interval gives the accumulative salvage rate. 
The significance of differences at each interval refers to 
statistical significance at the S per cent level as assessed by 
y? analysis. 


Results 

Early local complications 

Local complications occurred within the first 30 days 
in 18 patients following femoropopliteal bypass grafts. 
These complications consisted of wound infection or 
breakdown (4 patients), a wound haematoma requiring 
evacuation (3 patients), reactionary haemorrhage 
from an anastomosis which required resuture (7 
patients) and secondary haemorrhage from an anasto- 
mosis due to infection which required ligation of the 
graft and amputation of the leg (4 patients). These 
problems have been far less frequent in the past 5 
years since delaying reconstruction in the presence of 
uncontrolled infection and since introducing a regi- 
men of prophylactic antibiotics and short term closed 
suction drainage of the anastomoses. 

Following sympathectomy 1 patient had a fatal 
reactionary haemorrhage, 1 sustained damage to a 
ureter which resolved with simple drainage and 1 
developed an incisional hernia. No patient suffered 
paradoxical severe worsening of ischaemia. Transient 
post-sympathectomy neuralgia was common. 


Results of arterial reconstruction 

Techniques of reconstruction: The salvage rate in sur- 
viving patients was 75 per cent at 1 year, 70 per cent at 
2 years and 60 per cent at 5 years (Fig. 1). The salvage 
rates were similar for aortofemoral and femoropop- 
liteal reconstructions—for example, 70 per cent at 2 
years in each group (Fig. 2). The results were signifi- 
cantly better from 1 year onwards for legs treated by 
aorto-iliac endarterectomy or by profundaplasty com- 
pared with those treated by aortofemoral Dacron 
grafts. The salvage rate at 2 years was 80 per cent for 
endarterectomy and 70 per cent for Dacron grafts 
(Fig. 3). The results for femoral artery bypass grafts 
were significantly better at all intervals in patients 
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Fig. 1. Accumulative salvage rate in surviving patients 
following arterial reconstruction. 
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Fig. 2. Accumulative salvage rate following aortofemoral 
-and femoropopliteal (or femorotibial) reconstructions. 
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.Fig. 3. Accumulative salvage rate according to technique of 
-aortofemoral reconstruction. 
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Fig. 4. Accumulative salvage rate following femoral artery 
bypass grafts according to the run-off. Grade I, one or two 
branches of the popliteal artery pateat; grade III, no branches 
of the popliteal artery patent. 
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Fig. 5. Accumulative salvage rate following arterial 
reconstruction according to age. 
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Fig. 6. Accumulative salvage rate following arterial 
reconstruction according to the presence or absence of 
clinical diabetes. 
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Fig. 7. Accumulative salvage rate following arterial 
reconstruction according to the presenting symptoms. 
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Fig. 8. Accumulative success rate in surviving patients 
treated by lumbar sympathectomy. 
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Fig. 9. Accumulative success rate following sympathectomy 
according to the predominant site of disease. 
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Fig. 10. Accumulative success rate following sympathectomy 
according to age. 


100 


NON-OIABETIG {N= 168) 
BO 


í 


60 






/ 


40 DIABETIC {Nega} 


PERCENT SALVAGE 


20 


305 35 S tyr 2 yt 3yr 4yt 
TIME AFTER OPERATION 


Fig. 11. Accumulative success rate following sympathectomy 
according to the presence or absence of clinical diabetes. 
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Fig. 12. Accumulative success rate following sympathectomy 
according to the predominant symptoms of ischaemia. 
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Table IV: THE RELATION BETWEEN RECONSTRUCTIONS AND SUBSEQUENT MAJOR AMPUTATIONS 


Known occlusion 
(no. of legs) 


Total Amputation 
Aortofemoral reconstruction 18 (1554 15 
(133 legs) 
Femoropopliteal bypass 52 (305, 32 
(164 legs) 
Total (297 legs) 70 (25%) 47 


with a grade II run-off than in those with a grade IH 
run-off (the isolated popliteal segment) or in those 
who had a femorotibial or femoroperoneal bypass. 
The salvage rate at 2 years was 75 per cent in the first 
group and 50 per cent in the latter two (Fig. 4). 

Influence of age, sex and general disease: There was 
no significant difference in the salvage rates according 


to age (Fig. 5), sex or the presence of clinical severe 


myocardial ischaemia. The number of diabetic patients 
with aorto-iliac disease was too small to allow statisti- 
cal analysis. Accordingly, the effect of diabetes was 
only analysed in relation to femoropopliteal recon- 
structions, The salvage rate was significantly worse in 
diabetics at all intervals from 3 months onwards. The 
salvage rate was 75 per cent from 2 years through to 
5 years in the non-diabetics, whereas the salvage rate 
was 55 per cent at 2 years and only 35 per cent at 5 
years in the diabetics (Fig. 6). 

Influence of the clinical features: The results of recon- 
struction for rest pain or ischaemic ulceration were 
significantly better at all intervals than those of recon- 
struction for limited gangrene. The results for extensive 
gangrene were poor. For example, the salvage rates 
at 2 years were 85 per cent for rest pain, 80 per cent 
for ulceration, 65 per cent for limited gangrene and 
only 35 per cent for extensive gangrene (Fig. 7). 
Reconstruction and major amputation: Almost 25 per 
cent of the reconstructions were known to have 
blocked at some time, without it being possible to 
reconstitute flow. However, this led to major amputa- 
tion in only two-thirds of the affected legs. In particu- 
lar, occlusion of a femoropopliteal bypass led to 
amputation in only 32 of 52 legs, whereas occlusion 
of an aortofemoral reconstruction led to amputation 
in 15 of 18 legs (Table IV). 

Over 40 per cent of major amputations were re- 
quired in the presence of a functioning reconstruction. 
This was particularly so for aortofemoral reconstruc- 
tions, where 17 of the 32 amputations were required in 
spite of a patent reconstruction (Table IV). Patients 
who came to major amputation in spite of a technically 
successful aortofemoral reconstruction usually did 
not show favourable circumstances for a femoro- 
popliteal bypass. 


Results of sympathectomy 

Site of disease: The salvage rate in surviving patients 
was 60 per cent at 1 year which was then continued 
for up to 5 years (Fig. 8). The salvage rate was sig- 
nificantly better at all intervals in patients with 
occlusive disease in the tibial artery than in those 
with occlusive disease in the superficial femoral artery 
or aorto-iliac segment. The salvage rate at 2 years was 
80 per cent in patients with tibial artery disease and 
55 per cent in patients with femoropopliteal or aorto- 
iliac disease (Fig. 9). 


Amputations 
(no. of legs) 
No amputation Total Reconstruction Reconstruction 
blocked patent — 
3 32 (25% 15 17 
20 48 (30%) 32 16 
23 80 (25% 47 33 


Table V: THE OUTCOME OF FAILED 
SYMPATHECTOMY IN THE FIRST 6 MONTHS 
OF THE STUDY 


No. of legs 
Subsequent arterial reconstruction 32 
Salvage if 
Amputation (alive) 13 
Death 8 
Subsequent amputation without reconstruction 35 
Patient survived 25 
Death 10 
Total failed sympathectomy 67 
Salvage after arterial reconstruction 11 (15%) 
Amputation (alive) 36 (60575) 
Death 18 (25%) 





Influence of age and general disease: There was no 
significant difference in the salvage rates according to 
age (Fig. 10), sex or the presence of clinical severe 
myocardial ischaemia. However, the salvage rate was 
significantly worse in diabetics at all intervals from 3 
months onwards. The salvage rate at 2 years was 65 
per cent in non-diabetics and 50 per cent in diabetics 
(Fig. 11). 

Influence of the clinical features: The results of sympa- 
thectomy for rest pain or ischaemic ulceration were 
significantly better at all intervals than results follow- 
ing sympathectomy for limited gangrene. The results 
for extensive gangrene were very bad; for example, 
the salvage rates at 2 years were 75 per cent for rest 
pain, 70 per cent for ischaemic ulceration and 50 per 
cent for limited gangrene, whereas there were no 
successes beyond 6 months for extensive gangrene 
(Fig, 12). 

Outcome of failed sympathectomy: Even excluding 
patients who died without further surgery, sympathec- 
tomy failed within the first 6 months in 30 per cent of 
cases. These patients went on to require arterial re- 
construction or came to major amputation. There was 
a subsequent mortality rate of 25 per cent and the 
eventual outcome was that only 15 per cent of these 
legs were salvaged by successful arterial reconstruction 
(Table V). 


Discussion 

The majority of severely ischaemic legs require ampu- 
tation unless blood flow to the feet is improved by 
either arterial reconstruction or sympathectomy 
(Humphries, 1971). Although we believe that specific 
alpha-adrenergic blocking drugs can improve foot 
blood flow, even in the presence of severe ischaemia, 
without diverting flow away from the foot (Myers et al., 
1968; Thomas et al., 1968), this ‘medical sympathec- 
tomy’ is rarely sufficient to afford relief. The outlook 
for the vascular amputee is poor: the subsequent 
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death rate is high, amputation of the second leg is 
often required, while the majority do not learn to 
manage a prosthesis satisfactorily (Little, 1975). 
Admittedly, the functional results are better following 
below-knee amputation with a long posterior flap 
(Burgess, 1971; King et al, 1975; Little, 1975), but 
attempts to preserve the knee may fail with the need 
for proximal reamputation, particularly if the opera- 
tion is left to a junior member of the team. A pros- 
thesis is a poor substitute for a viable, pain-free leg. 


Arterial reconstruction 

Aortofemoral reconstructions have excellent long term 
patency rates—generally over 70 per cent (De Weese et 
al., 1972; Irvine et al., 1972). The aim in patients with 
severe ischaemia was to revascularize the profunda 
femoris artery and so increase collateral artery supply 
around the coexisting superficial femoral artery occlu- 
sion. Plethysmography has shown that this usually 
produces a two- to threefold increased calf and foot 
blood flow, but that this is still well below normal 
levels (Myers, 1968). Whether this is sufficient to heal 
tissues in an individual patient is difficult to predict. 
In the present study over 10 per cent of legs treated by 
proximal reconstruction alone came to early amputa- 
tion in spite of a technically successful operation but 
in most of these, distal reconstruction was not feasible. 
Salvage has been reported in approximately 75 per 
cent of aortofemoral reconstructions (Taylor, 1971) 
and 50-70 per cent of profundaplasties (Martin and 
Jamieson, 1974; Cotton and Roberts, 1975). 

Femoropopliteal vein bypass grafts have an early 
patency rate of about 75 per cent and a late patency 
rate of more than 60 per cent, with comparable salvage 
rates for severely ischaemic legs (Darling and Linton, 
1972; De Weese et al., 1972; Cutler et al., 1976). In 
the present study, the results were as good for femoro- 
popliteal grafts as for aortofemoral reconstructions. 
This does not support the contention of Stoney et al. 
(1971) that there is little place for a femoropopliteal 
bypass in the treatment of severe ischaemia, although 
there is far greater potential for technical error and 
failure of distal reconstructions, particularly if these 
tedious cases are left to the junior members of the 
team. An autogenous vein bypass was favoured be- 
cause of poor late patency rates for Dacron grafts 
(Irvine et al., 1963) and superficial femoral endarter- 
ectomy (Darling and Linton, 1972). However, if a 
vein could not be obtained, a synthetic graft was 
used in spite of the probability of late failure, for 
occlusion frequently did not cause the return of severe 
ischaemia. Presumably less flow is required to keep 
tissues healed than to get them to heal. Concomitant 
sympathectomy probably maintained an increased 
flow sufficient to prevent recurrence of symptoms, 
Return of claudication is a small price to pay for limb 
salvage. 

Salvage rates are approximately 50 per cent for 
femorotibial bypass grafts (Stephen et al., 1976) and 
only 30 per cent for femoroperoneal grafts (Reichle 
and Tyson, 1975), and equally poor results were 
obtained in the present study. Accordingly, the 
tendency was to perform a sympathectomy if the run- 
Off was bad for the results were no worse. 

The salvage rate was as good in elderly as in rela- 
tively young patients; advanced age should not contra- 
indicate surgery. The results for femoropopliteal grafts 
were worse in diabetics but not to such a degree that 


surgery was contraindicated. The results were accept- 
able in patients with limited gangrene but were bad in 
patients with extensive gangrene; there is prob- 
ably only a limited place for reconstruction in the 
latter. 


Lumbar sympathectomy 

Probably the chief benefit of lumbar sympathectomy 
results from dilatation of peripheral arterioles, particu- 
larly in the skin of the foot; there is no convincing 
evidence that it causes collateral artery dilatation or 
division of afferent sensory fibres (Myers and Irvine, 
1966; Myers, 1968). It might be thought that markedly 
reduced pressure below a major occlusion would cause 
maximal compensatory vasodilatation, but in fact there 
is persisting vasomotor tone in peripheral arterioles, 
which contributes to ischaemia. Plethysmography 
shows an average twofold increase of resting blood 
flow and a 25 per cent reduction of peripheral resistance 
at 14 days after sympathectomy for severe ischaemia 
(Myers and Irvine, 1966) and this persists for many 
years (Gillespie, 1961). 

Patients may fail to respond to sympathectomy 
because collateral resistance is so high that no appreci- 
able increase inflow can occur and this can be predic- 
ted by preoperative blood flow measurements (Myers 
and Irvine, 1967) or ankle blood pressure measure- 
ments (Yao and Bergan, 1973). Alternatively, tissue 
damage may be so extensive that healing will not 
Occur in spite of increased blood flow and this cannot 
be predicted by objective measurements but can be 
anticipated by clinical judgement. 

Diabetes, extensive disease and limited gangrene all 
adversely affected results, but not sufficiently for any 
single factor to contraindicate sympathectomy, Exten- 
sive gangrene should be an absolute contraindication. 
The worse results in diabetics may result from two 
factors: first, up to one-third of patients have already 
had an ‘autosympathectomy’ due to peripheral neuritis 
(Ozeran et al., 1970) and, secondly, multiple lesions 
and extensive associated tibial artery disease are more 
common (Strandness and Bell, 1964). 

Reports relating success to the symptoms have 
varied widely, giving success rates of from 30 to 70 per 
cent for relief of rest pain and from 30 to 55 per cent 
for healing limited tissue necrosis (Szilagyi et al., 1967; 
Kim et al., 1976). Reasonably good results encourage 
persistence with conservative measures to heal lesions 
in the foot. However, this should not result in exces- 
sive delay sufficient to compromise subsequent arterial 
reconstruction or cause unnecessary suffering before 
amputation. 

Spontaneous improvement can occur so that not all 
successes can be attributed to the sympathectomy. 
Ideally, a controlled trial of sympathectomy compared 
with conservative treatment is still required. 


Comparison of arterial reconstruction with sympa- 
thectomy and policy of management. 

The results for reconstruction were better than for 
sympathectomy by some 10-15 per cent for the first 
3 years, although there was little difference thereafter, 
However, it is difficult to compare the two groups. The 
sympathectomy group contained more elderly, poor- 
risk patients but the reconstruction group included 
many failed sympathectomies, and these patients did 
very poorly. Successful reconstruction also relieves 
associated claudication. 
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The present policy of management involves the 
following compromises. Patients who are in very poor 
general health or who have extensive gangrene are 
usually treated by primary major amputation. All other 
patients are investigated by arteriography with a view 
. to carrying out arterial reconstruction if it is possible. 
The aim is to revascularize the profunda femoris 
artery in patients with aorto-iliac disease or the popli- 
teal artery in patients with a superficial femoral artery 
occlusion. The preference for reconstruction is greatest 
in young patients with associated severe intermittent 
claudication. However, advanced age commonly is also 
an indication for attempted salvage by reconstruction 
as these patients do very poorly after major amputation. 

Diabetes, extensive arterial disease and limited 
gangrene paradoxically all strengthen the preference 
for reconstruction if it is feasible, as each condition 
mitigates against a successful sympathectomy. How- 
ever, a femorotibial bypass is usually not performed as 
a primary procedure and is reserved, where feasible, 
for those who fail to respond to sympathectomy. If 
tissue necrosis is associated with gross sepsis, initial 
treatment consists of sympathectomy, adequate 
drainage and a course of antibiotics. In such cases, 
delayed reconstruction is safer and the sympathectomy 
often proves to be sufficient. Patients with rest pain, 
ischaemic ulceration or limited gangrene in whom 
arteriography shows that reconstruction would be 
difficult or impossible are treated by sympathectomy 
alone, with a reasonable expectation of success. 
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Aneurysm of the popliteal artery secondary to trauma 
from an osteochondroma of the femur: a case report 


and review of the literature 
P.J. R. SHAH* 


SUMMARY 

An unusual case of a popliteal aneurysm due to an 
osteochondroma of the femur in a young adolescent is 
presented. The clinical management and surgical 
treatment are described. 


THE popliteal artery is the commonest site of peripheral 
aneurysms. They are usually associated with atheroma 
or arteriectasis (84 per cent) and occur primarily in 
elderly people. Non-atherosclerotic aneurysms (16 per 
cent) are rare, trauma being one of the causes (Baird 
et al., 1966). Fifteen cases of traumatic aneurysm 
secondary to osteochondroma of the femur have been 
reported. 


Case report 

A 16-year-old boy presented with a history that 3 months 
previously he had noticed coldness, pallor and pain in the left 
foot on one occasion. He subsequently became aware of a pain- 
less pulsating swelling behind the left knee. He was an active 
footballer but had no history of injury. His past medical history 
was unremarkable. 

On examination he was a thin, tall, fit-looking boy. There 
was a large ovoid swelling, 10 x 15 cm in extent, at the lower 
end of the left thigh posteriorly. It was pulsatile and non- 
tender with a thrill and systolic bruit. Movements of the knee 
were unimpeded. The distal pulses in the right limb were 
normal but absent in the left limb. A diagnosis of left popliteal 





Fig. 1. Plain X-ray showing an osteocartilaginous exostosis. 






Fig. 2. Subtraction X-ray of femoral arteriogram 
demonstrating the false aneurysm. 
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Fig. 3. Diagram demonstrating the popliteal artery feeding a 
false aneurysm and overlying the osteocartilaginous exostosis. 
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Table I: DETAILS OF CASES OF OSTEOCHONDROMAS OF THE FEMUR CAUSING POPLITEAL ANEURYSM 


Author Age Sex Lesion Type of trauma No. of exostoses Treatment 
Paul (1953) 22 M False aneurysm No history of direct Multiple Resection and end-to-end 
trauma anastomosis. Excision of 
exostosis 
Hudson (1955) 14 M False aneurysm Sudden onset after Multiple Closure of tear in vessel and 
E bicycling excision of exostosis 
Stevenson and Zuska 23 M  Falseaneurysm Injury after fall Single Excision of aneurysm. Closure of 
— (1957) tear and excision of exostosis 
Lesser and Greeley (1958) 14 M Arteriovenous History of direct Single Excision of aneurysm. End-to-end 
aneurysm trauma 6 vears anastomosis of artery. Excision 
previously of exostosis 
Denman et al. (1959) 9 M False aneurysm Vigorous activity Multiple Excision of aneurysm. End-to-end 
anastomosis. Excision of 
exostosis 
Chirls et al. (1961) 12 M False aneurysm No history of trauma Single Freeing of the artery. Excision 
ERIS LU of exostosis 
. , Anastasi et al. (1963) 41 M False aneurysm Dancing Single Excision of aneurysm. Closure of 
uro S "The Twist tear. Excision of exostosis. 
Fischer and Jackson 17 M False aneurysm Indirect Single Saphenous vein graft 
o5 (1964) 
"Clark and Keokarn (1965) 15 F False aneurysm No history of trauma Multiple Excision of aneurysm. Closure of 





Masson and Pullan (1966) 9 M False aneurysm No history of trauma Multiple 


34 M  Falseaneurysm No history of trauma Multiple 


tear. Excision of exostosis 
Excision of aneurysm. Ligation of 
popliteal artery, Excision of 
exostosis i 
Excision of aneurysm. Arterial 
graft replacement. Excision of 
exostosis 


Mukerjea (1967) 26 M False aneurysm Direct trauma Multiple Excision of aneurysm. Closure of 

] | tear. Excision of exostosis 

Hershey and Lansden 15 M False aneurysm Vigorous exercise Single Excision of aneurysm. Closure of 
(1972) tear. Excision of exostosis 


19 M False aneurysm No history of trauma Multiple 


Resection of aneurysm. End-to- 
end anastomosis. Excision af 
exostosis 


Hovelius (1975) 17 M False aneurysm No history of trauma Single Closure of tear in vessel and 
| excision of exostosis 
Present case 16 M False aneurysm No history of trauma Single Excision of aneurysm. Closure of 


artery aneurysm was made, its aetiology being obscure. The 
initial presenting symptoms were presumably due to embolism 
from the aneurysm. 

A plain lateral X-ray of the left popliteal region revealed an 
osteocartilaginous exostosis of the femur (Fig. 1). There were 
no other exostoses discovered elsewhere. Ultrasonography 
confirmed the clinical diagnosis of an aneurysm in the left 
popliteal region. 

A left femoral arteriogram was performed (Figs. 2, 3) and 
showed the left popliteal artery to be bowed posteriorly around 
the exostosis. At the arterial wall adjacent to the tip of the 
exostosis there was a discrete leak into a false aneurysm. The 
latter was shown to contain a few filling defects indicating 
thrombus. 

An operation was performed 5 days after admission. An 
incision was made in the lower thigh over the left long sa phenous 
vein, ensuring easy exposure of this structure should it be 
required. A large aneurysm was discovered, false in nature 
and largely occluded by clot, A 3-mm orifice was present in the 
artery feeding the false aneurysm, and underlying this was an 
osteocartilaginous exostosis. The aneurysm was excised and 
the arterial defect closed with 5/0 Tevdek sutures. The exostosis 
was excised. The posterior tibial pulse was palpable post- 
operatively but the dorsalis pedis remained impalpable. The 
postoperative course was uneventful and the patient was 
discharged home 2 weeks later. At follow-up at 2 years the 
patient was well and distal pulses in the left leg had returned. 

Histological examination of the exostosis showed fragments 
of cortical bone covered with cartilage which on microscopy 
revealed an area of calcifying cartilage. 


Discussion 
Aneurysms of the popliteal artery are extremely rare 
in young people. Fifteen cases of osteochondromas of 


tear. Excision of exostosis 


the femur causing traumatic aneurysm of the popliteal 
artery have been reported previously (Table Í). 

Osteochondromas appear during the growth period ; 
when growth ceases the cartilaginous cap becomes 
replaced by cancellous bone (Turek, 1967). It is 
believed that this process of ossification produces a 
sharp spike. This may impinge on the relatively fixed 
popliteal artery and cause gradual wear of the arterial 
wall by friction, leading to false aneurysm formation 
(Hershey and Lansden, 1972). 

The condition primarily affects young people, with 
an average age of 19 years (range 9-41 years). The 
clinical features may include a history of direct injury 
(50 per cent of cases), and the condition uniformly 
presents with a painful pulsatile swelling in the popliteal 
region. : 

Examination reveals a pulsatile swelling with an 
associated bruit. Distal pulses may be diminished or 
impalpable, as in the present case. 

Plain radiography will reveal one or more osteo- 
chondromas at the lower end of the femur. A search 
should be made for other osteochondromas (they 
were multiple in 8 of the 15 previous cases). Arterio- 
graphy is indicated to confirm the diagnosis and to 
demonstrate the state of the distal circulation. 

Surgical treatment of the popliteal aneurysm is 
recommended as an urgent procedure because of the 
risks of sudden occlusion of distal vessels by peripheral 
embolism from displaced particles of thrombus 


(Denman et al., 1959). Excision of the aneurysm with . 
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closure of the arterial defect with synthetic non- 
absorbable sutures is often possible, though arterial 
resection may be necessary. The exostosis should be 
excised. 

It seems impractical and unnecessary to remove all 
osteochondromas from this region as has been sug- 
gested (Mukerjea, 1967; Hershey and Lansden, 1972). 
However, surgical removal of osteochondromas is 
indicated where there is (a) interference with joint 
function, ($) repeated bursitis, (c) fracture of the 
tumour with symptoms, (d)the suspicion of malignant 
change (Turek, 1967) or (e) the complication of 
popliteal aneurysm. 
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Penetrating injuries of the popliteal artery 
M. J. G. O'REILLY, J. M. HOOD, R. H. LIVINGSTON AND J. W. S. IRWIN* 


SUMMARY 
Military experience has consistently emphasized the 
unacceptably high amputation rate associated with 


popliteal arterial trauma. In this group of patients there 


were 23 arterial injuries and 26 injuries involving both an 
artery and a vein. The loss of only 5 limbs in this series 
was directly related to the policy of repair of the artery 
by both single segment vein grafts and by ‘panel’ grafts. 
Panel grafts are prepared by removing the long saphenous 
vein at ankle level, splitting it longitudinally and then 
dividing it transversely at the midpoint. The two 
segments of vein are placed side by side and sutured 
along each side, a no. 14 or 16 Ch. Foley catheter being 
used as a stent. Fasciotomy, carried out at an early stage 


in the postoperative course, and prompt re-exploration 


of repair sites when suspicion arose as to the effectiveness 
of limb circulation, were also major factors in establish- 
ing a successful outcome in so many patients. 


IN spite of advances in vascular surgery, the results of 
repair of popliteal arterial trauma remain poor 


(Gorman, 1968; Brewer et al., 1969; Rich, Baugh et al., 


1969). In Northern Ireland a unique series of patients 
has become available for study, as the vast majority of 
popliteal vascular injuries have been caused by low 
velocity bullets, an experience quite different from 
most recorded series (Rich, Mannion et al, 1969). 
Consequently, there has been less associated soft tissue 
injury and interruption of venous pathways than would 
occur following high velocity wounds or shrapnel 
injuries. Five patients had limb amputations. In 9 
limbs function was poor following revascularization. 
One of these patients had the limb amputated 15 
months after injury. This poor function was due to 
severe calf muscle wasting following ischaemic necrosis 
in 6 cases, In 3 there was major damage to the sciatic 
and medial popliteal nerves. Of the 23 cases of arterial 
injury alone, 2 patients had amputations, whilst 3 
amputations were performed in the group of 26 
combined arterial and venous injuries. 

The muscular popliteal artery demands meticulous 
repair when traumatized and therefore most repairs 
were effected by the use of autogenous vein tissue, in 
agreement with Rich's views (Rich, Baugh et al., 1969). 
Treiman also recommends the use of autogenous vein 
tissue for most vascular repairs (Treiman et al., 1966). 
Consequently, the narrowing produced by the intense 
muscular spasm, which so frequently arises when the 
artery is repaired by lateral suture, was avoided, as was 
suture line thrombus formation (Fig. 1). Unlike other 
series (Brewer et al., 1969; Eger et al., 1972) end-to- 
end anastomoses were rarely performed because it 
was felt that following such repair the suture line was 
placed on excessive tension when the knee was moved 
and thus intimal apposition could not be maintained. 


Patients and methods 
Injury 


Table I shows the wounding agents in this group of injuries. 
Many injuries came from knee-capping, a form of wounding 
inflicted on individuals by illegal organizations, in which the 
muzzle of a low velocity pistol is placed somewhere in relation 


Table 1: WOUNDING AGENT 





Total 49 

Bullet 43 (85%) 

Shrapnel 6 (15742) 

Blunt 0 O0 
Table Ti: INJURY TYPE 

No. vA 

Laceration 10 20 
Thrombosis 4 8 
Incomplete division 12 25 
Complete division 23 47 





to the knee and fired. Shrapnel wounds were few, fortunately, 
because they carry with them the added problem of extensive 
soft tissue trauma and multiple vascular injuries (McNamara, 
Brief, Beasly et al, 1973; McNamara, Brief, Stremple et al., 
1973). 


Investigations 

In most patients clinical evidence or suspicion of vascular 
injury was sufficient in demanding exploration of the vessel as 
soon as adequate resuscitation had commenced. Arteriography 
was carried out in 9 cases. The indications were (a) failure of a 
previous vascular repair; (5) late referral of the patient for 
surgery; (c) when the patient had been operated on elsewhere 
and further surgery was contemplated (Fig. 2). 

Gorman (1968) described similar indications for arterio- 
graphy when dealing with the traumatized popliteal artery. 
When emergency arteriography is carried out a lateral view of 
the affected area should be included, as the extent of the injury 
may not be adequately demonstrated on anteroposterior views 
(Fig. 3). Intraoperative arteriography was not performed in 
this series of patients. There are strong grounds for its routine 
inclusion in all vascular procedures but very often, because 
these patients had other multiple serious wounds or because 
many other casualties placed demands on the surgical and 
radiological staff, circumstances did not allow for this investi- 
gation. If no pedal pulses were present at the end of the pro- 
cedure the repair was re-explored immediately. The Doppler 
ultrasound velocity detector was used in the postoperative 
phase to assess pulsatile flow in the limb but was considered 
only an adjunct to clinical findings. 


Management 
All patients were operated on as soon as possible after ad- 
mission, usually within the hour. Resuscitation frequently 
required extensive intravenous fluid replacement, 5 or 6 units 
of blood and 3 or 4 litres of colloid often being transfused 
during the first 24 h after the shooting incident. Low molecular 
weight dextran was infused during the intraoperative phase. 
Initially systemic anticoagulation was utilized, but this has 
now been superseded by regional heparinization. Regional 
heparinization was performed by inserting a cannula into 
either end of the transected vessel and introducing 40 mi of a 
heparinized saline solution (S000 i.u. heparin in 250 ml saline) 
into the popliteal vessel proximally and distally. On completion 
of the repair, Fogarty catheter exploration was successful in 
extracting thrombus in 15 of the 33 cases in which it was used. 
Exploration of the popliteal fossa was carried out through a 
curved posterior incision independent of the bullet track, 
allowing adequate control and exposure of the vessels and 
related structures, proximally and distally. Spasm of an artery 
was confirmed as an intimal tear with superimposed thrombus. 
There were 4 such injuries in this series. Table H shows the 
incidence of other types of arterial injury. The methods of 
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Fig. 1. Thrombotic occlusion of the popliteal artery after 
repair by lateral suture. 





Fig. 2. Arteriogram demonstrating an arteriovenous fistula. 
The patient presented some months after shooting in 
congestive cardiac failure, of a high output variety. There 
had been incomplete exploration of the bullet track at the 
original Operation. 





Fig. 3. Radiograph demonstrating a damaged popliteal 
artery, not identified on conventional anteroposterior 
projection. 


Table HI: METHODS OF ARTERIAL REPAIR 


No. »- 
Vein graft 21 38 
Panel graft 11 18 
Vein patch 10 17-5 
Lateral suture 7 13 
End-to-end anastomosis 4 7-5 
Ligation 3 6:0 


These figures represent the total number of direct vascular 
procedures performed on 49 patients. 


Table IV: SEQUELAE OF REPAIR BY LATERAL 
SUTURE 


Re-exploration 
Thrombectomy 
Vein patch 
Vein graft 
Failed limb 
Amputation 


hr U N U U CA 





Of the 7 arterial injuries treated by lateral suture, 1 limb was 
amputated without re-exploration of the repair; 5 of the remain- 
ing 6 were re-explored. Three demanded thrombectomy and 
vein patch repair and 2, vein graft insertion. 


vessel repair are shown in Table III. The frequent use of the 
panel graft is noteworthy (Linton, 1973; Livingston and Wilson, 
1975) as are the attempts at repair by lateral suture. The 
sequelae to repair by this method are set out in Table IV. It 
must be emphasized that in a vessel as critical as the popliteal 
artery, repair by vein patch insertion is infinitely preferable to 
repair by lateral suture (Gorman, 1968, 1969). The 3 failed 
limbs and 5 amputations subsequent to repair of the artery by 
lateral suture reflect this view. Autogenous vein tissue used for 
repair must be obtained from the contralateral limb as so often 
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A landmark in 


the search for a safer 


strong analgesic 





Prescribing Information 
Presentation. Temgesic Injection contains 0.3 mg/ml 
buprenorphine as the hydrochloride, in a 5% dextrose 
solution. It is a colourless liquid, in clear glass snap- 
ampoules of1ml (0.3mg) or 2 ml (6m9). 
Uses. A strong analgesic for use in moderate and 
severe pain, in patients suffering from:- 

(i) pain while undergoing terminal care for malignancy; 
(ii) post-operative pain; 
(iii) post-myocardial infarction (N.B. See Further 

Information). ; 

Dosage and administration. Adults: The 
recommended dosage is 0.3 - 0.6mg by intramuscular 
or slow intravenous injection, repeated every 6to 8 
hours or as required. Temgesic is not at present 
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recommended for administration to children. 
Contra-indications, warnings, etc. There are no 
absolute contra-indications. Occasionally Temgesic 
may cause respiratory depression, and care should 
therefore be taken when treating patients with 
impaired respiratory function. Because buprenorphine 
has antagonist properties, it may precipitate mild 
withdrawal symptoms in narcotic addicts, and it should 
be given with care initially to patients previously treated 
with narcotic analgesics. 

Temgesic may cause some drowsiness, and this could 
be potentiated by other centrally acting agents; hence 
ambulant patients should be warned not to drive or 
operate machinery if affected. Since Temgesic is 
metabolised in the liver, the intensity and duration of its 
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action may be affected in patients with impaired liver 
function. Until further information is available, Temgesic 
should be used with caution in patients receiving 
monoamine oxidase inhibitors, and it is not at present 
recommended during pregnancy. Temgesic Injection 
contains 50mg dextrose per 1 ml, but no sodium or 
potassium. 

Overdosage. Temgesic has a very wide safety margin, 
and clinical experience has shown that doses well in 
excess of those recommended can be administered 
without untoward effect. Should respiratory depression 
occur to a clinically undesirable degree, supportive 
measures should be used to maintain adequate 
ventilation and oxygenation. 

The effects of buprenorphine are not reversed by 





The outcome of a 17-year British research 
programme into the therapeutic potential of 
compounds with partial agonist action, . 
Temgesic is both a strong analgesic and a 
morphine antagonist with unique receptor 
kinetics: 
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centrally acting analgesics‘ 


* nopsychotomimetic effects** 
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wide safety margin? 


clinically as effective an analgesic as morphine’ 
duration of action up to twice that of morphine" 


substantially lower dependence profile than conventional 


Temgesic Injection 


alandmark in the search fora safer strong analgesic. 


available on monitored release for the relief of post- 
operative pain and of pain resulting from myocardial 


infarction or terminal malignancy. 


Full prescribing information is available from 
LJ 
(D Reckitt & Colman Pharmaceutical Division, Hull HU8 7DS. Tel: (0482) 26151. 
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certain narcotic reversing agents, such as levallorphan 
and nalorphine. Naloxone is partially effective. 
Doxapram, a respiratory stimulant, administered in 

the recommended dose range either by repeated 
intravenous injection or by infusion, can be used to 
stimulate respiration. 

Side effects. Drowsiness, or sleep from which the 
patient can easily be aroused, occurs particularly in the 
post-operative period. improved mood or mild euphoria 
has occasionally been observed. infrequently 
respiratory depression may occur, and nausea, 
vomiting, dizziness and sweating have been reported 
insome ambulant patients. Constipation has not been 
reported. 


Dependence liability. The human and animal studies 
conducted indicate that buprenorphine hasa 
substantially lower dependence profile than 
conventional centrally-acting analgesics. 
Pharmaceutical precautions. Temgesic Injection is 
stable, but should be kept cool and protected from light. 
Legal category. Prescription Only Medicine (P.O.M.). 
Package quantities. Package of ten ampoules 

(1ml or 2 ml). 

Further information. Temgesic is available on 
Monitored Release, during which period:- 

Temgesic Injection should be used post-operatively and 
following myocardial infarction only in institutions 
capable of dealing with respiratory failure and having 
facilities for controlled pulmonary ventilation. 


Product Licence numbers 
TemgesicInjection 1ml 44/0056 
Temgesic|njection 2ml 44/0057 
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Ceporin prophylaxis 
in abdominal surgery 
reduces primary wound sepsis 


In 5 trials involving 2,491 operations 
Ceporin was shown to significantly 
reduce the incidence of primary sepsis 
in contaminated or potentially 
contaminated wounds, when 
compared with untreated controls and 
with other antibacterials and 
antiseptics. 
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Resistance not a problem 

Ceporin has been shown not to alter 
hospital ecology of bacteria. Whereas 
between 1971 and 1974 the number of 
strains resistant to ampicillin increased 
significantly.’ 
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the ipsilateral saphenous vein is the only source of venous 
drainage of the injured limb should there be concomitant 
popliteal venous injury. 

Table V reflects the incidence of associated injuries. The high 
(52-5 per cent) frequency of popliteal vein injury confirms the 
experience of several reported series (Rich et al., 1969) and is 
the subject of a separate paper. More insidious was the inci- 
dence of nerve damage; only 2 of the 12 injuries in this group 
of patients were repaired, and certainly this was a major cause 
of limb morbidity. 

Bony injury, principally fracture of the femur and tibia, was 
à frequent associated complication. In all cases except one, 
external fixation was quite adequate as an initial method of 
management, This tends to confirm previously published views 
(Rich et al., 1971; McNamara, Brief, Beasly et al., 1973) with 
the result that the problems of internal fixation are overcome 
(McNamara, Brief, Beasly et al, 1973). Both the bullet track 
and wound were débrided and drained, the wound subse- 
quently being repaired by delayed primary suture. No problems 
arose from haematoma formation or superimposed infection 
. when this management policy was strictly adhered to. 

The management of these wounds by delayed primary 
suture was of the utmost importance as the open wounds and 
divided myofascial sheaths allowed any collection of blood or 
serous exudate to escape. The absolutely healthy tissue could 
thus be repaired 5-7 days after the injury. 

A major factor in the successful management of so many 
patients was the use of fasciotomy. Table VI reflects the 
frequency with which it was employed in this group of patients. 
Eight of the 23 arterial injuries and 14 of the 26 arterial and 
venous injuries were treated by fasciotomy. In the former 
group, 2 were performed at the time of vascular repair whilst 
in the latter group 8 fasciotomies immediately followed vessel 
repair. Fasciotomy was carried out through a series of small 
vertical incisions over the peroneal and flexor compartments. 
In this way the dissecting scissors could readily be run up and 
down the muscle compartments dividing the myofascial 
sheaths but leaving the skin intact. None of the skin incision sub- 
sequently required suturing or grafting. Delayed fasciotomy 
was performed early in the series in 12 patients and all of these 
patients would now have immediate fasciotomy (O'Reilly et al., 
1979). Invariably those patients who required amputation 
were in the delayed fasciotomy group. Those patients with 
combined arterial and venous injury had an excellent outcome 
if fasciotomy was performed at the time of the vascular repair. 
Table VII confirms this, emphasizing that 3 only of the im- 
mediate fasciotomy group developed limb failure. 


Results 

Of the 49 limbs on which direct vascular surgery was 
performed 5 were amputated and 9 classified as 
failures. The sequelae of the different types of arterial 
vascular repair are shown in Table VIII. The excellent 
results achieved when panel grafts were used are of 
importance. The saphenous vein from the contra- 
lateral limb can be obtained at ankle level. This avoids 
the frequent repositioning of the patient who is 
usually in the prone position during the vascular 
repair, Whilst it might appear tedious and time- 
consuming to construct one of these panel grafts, the 
resulting benefits are enormous. These grafts ensure a 
non-turbulent flow of blood which would not be 
achieved if the narrower, single segment of saphenous 
vein were used as a graft. Vein patches instead of 
repair by lateral suture are now used in all cases of 
peripheral arterial injury, when the vessel is lacerated 
or incompletely divided. 

Ultimately amputation is the major criterion on 
which the effectiveness of vascular report is often 
judged. In this series severe localized wound infection 
and delay in exploring the vascular repair to re- 
establish a useful limb blood flow were the principal 
factors preceding amputation. Table 1X describes the 


Penetrating injuries of popliteal artery — 791 


Table V: CONCOMITANT INJURY 








No yA 
Vein 26 52:8 
Nerve 12 242 
Bone 31 63.0 
Table VI: FASCIOTOMY 
Time 
after Ampu- 
No. injury | Good Failure tation 
Arterial 8/23 2* 2 St 2t 
3«24h 
3-24h 
Arterial and 14/26 — 8* 
venous 4<24h 7 4 3 
2>>24h 


sich Hie as i Senha et a 
* Ten patients had immediate fasciotomy. 
+ One of the failed limbs was amputated much later. 


Table VH: LIMB FAILURES 


Arterial alone 5/23 22 
Arterial and venous 4/26 15 
Immediate fasciotomy 3/10 30 
Delayed fasciotomy 6/12 50 


Three of the immediate fasciotomy and 6 of the delayed 
fasciotomy group had failed limbs. 


Table VIII: SEQUELAE TO REPAIR METHOD 
(ARTERIAL) 


Type of repair No, 4 Failures % Amp.) % 
End-to-end 4 755 2 50 1 25 
anastomosis 

Vein graft 21 38 2 10 —— — 
Lateral suture 7 13 3 43 2 29 
Panel graft 11 18 1 9 i 9 
Vein patch 10 175 i 10 -— al 
Ligation 3 6-0 — 1 33 
Amp., Amputations. 
Table IX: COMPLICATIONS ASSOCIATED WITH 
POPLITEAL ARTERY REPAIR 

No. Limb failure Amputation 
Thrombosis 4 2 z 
Haemorrhage 3 p 3 

3 own 


AV fistula * 


AV, Arteriovenous. E 
* Each of these patients, has ‘subsequently had the fistula- 
explored and repaired. 





complications associated with vessel repair and relates 
the frequency of amputation to these complications. 


Discussion 

The results of surgery for arterial trauma have lagged 
behind the advances made in other fields of vascular - 
surgery (Rich, 1969), The great similarity in results | 
obtained from Vietnam and Korea (Rich and Hughes, 


1972) tends to emphasize the plateau which had been - 


reached until a few years ago. The results described in 
this paper represent what can be achieved when 
working under ideal conditions. Most patients were 
treated by the vascular unit at the Royal Victoria 
Hospital or by surgeons trained in their unit. Some 
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patients were treated elsewhere and only referred when 
repair complications developed. 

The advances in the successful management of 
popliteal vascular trauma described in this paper re- 
emphasize that the restored popliteal artery must have 
the same diameter as it had before operation (Rich 
et al., 1969), that associated venous damage must be 
repaired if possible (McNamara, Brief, Beasly et al., 
1973) and that fasciotomy must be considered a 
necessary adjunct at a very early stage in management 
(Patman and Thompson, 1970). Bony injury has been 
managed successfully by external fixation; indeed the 
rapid rehabilitation of these frequently young patients 
who have sustained femoral fractures has been 
accelerated by the use of the quadrilateral ischial 
weight bearing plaster (Pineda et al, 1972), often 
allowing them to leave hospital within 6 weeks. 

When managing this type of vascular injury em- 
phasis must be placed on prompt, meticulous repair. 
Time, in this injury, is at a premium, Only precise 
repair of both arterial and venous injury, the awarenes 
of postoperative complications and the decisive 
. management of these complications will improve the 
poor results so frequently reported with this type of 
trauma. 
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Highly selective vagotomy or truncal vagotomy and 
pyloroplasty for chronic duodenal ulceration: 
a randomized, prospective clinical study 


C. J. STODDARD, J. S. VASSILAKIS AND H. L. DUTHIE* 


SUMMARY 

The results of a randomized, prospective clinical trial of 
highly selective vagotomy (HSV) versus truncal 
vagotomy and pyloroplasty (TVP) in 126 male patients 
undergoing elective surgery for chronie duodenal ulcera- 
tion are presented. The operations were performed by 
surgeons of all grades of experience. At a mean follow- 
up time of just over 3 years a satisfactory result was 
obtained in 93 per cent of patients following HSV and 
78 per cent of patients following TVP, the difference 
being probably statistically significant (P « 0:05). The 
incidence of early and late dumping, bile vomiting, 
flatulence, post-prandial epigastric discomfort and 
wound infection was statistically significantly less after 
HSV than after TVP. Three patients have developed a 
recurrent duodenal ulcer after each type of operation 
(5:4 per cent). At this early stage HSV has advantages 
over TYP; it will be interesting to see if these are main- 
tained with the passage of time. 


ALL surgeons do not agree as to which is the best 
operation for patients with chronic duodenal ulcera- 
tion. During the past 30 years some form of vagotomy 
has largely supplanted partial gastrectomy. The neces- 
sary addition of a gastric drainage procedure in 
truncal and selective vagotomy has been held re- 
sponsible for some post-vagotomy complications 
(McKelvey, 1970; Clarke and Alexander-Williams, 
1973). In an attempt to overcome these problems, the 
operation of highly selective vagotomy (HSV) 
(Johnston and Wilkinson, 1970), alternatively called 
parietal cell vagotomy (PCV) (Amdrup and Jensen, 
1970) or selective proximal vagotomy (SPV) (Holle 
and Hart, 1967), was introduced. This procedure in- 
volves a selective denervation of the parietal cell mass 
with preservation of the antral vagal innervation and, 
in HSV and PCV, preservation of an intact pylorus. 

Favourable reports of HSV for the elective treat- 
ment of chronic duodenal ulceration have come from 
consecutive series of patients undergoing HSV 
(Humphrey et al., 1972; Amdrup et al., 1974; Hallen- 
beck et al, 1976; Holst-Christensen et al, 1977; 
Goligher et al., 1978) and from prospective clinical 
trials comparing HSV with selective vagotomy and 
either pyloroplasty (Kronborg and Madsen, 1975) or 
gastrojejunostomy (Kennedy et al., 1975) and more 
recently, with truncal vagotomy and antrectomy 
(Dorricott et al., 1978). 

Since truncal vagotomy with pyloroplasty (TVP) 
has been the standard operation for chronic duodenal 
ulceration in Great Britain for some time, we have 
compared this procedure with HSV in a prospective 
randomized clinical trial in male patients. 


Patients and methods 

One hundred and twenty-six male patients admitted for elec- 
tive surgery for uncomplicated chronic duodenal ulceration in 
the University Surgical Unit at the Royal Infirmary, Sheffield, 


from June 1973 to January 1978, have been included in this 
study. Duodenal ulceration had been demonstrated radio- 
logically in all patients and, in most, also confirmed endo- 
scopically. Excluded from the trial were females, patients having 
surgery for complications of duodenal ulceration, patients with- 
combined gastric and duodenal ulcers and patients with 
recurrent ulcer. The indications for surgery were failure to - 
respond to conservative treatment with loss of time from work, 


which could be combined with previous bleeding or perfora- ` us 


tion or both. The operations were performed by all grades of 
surgical staff. 


Operation 

After full exploration of the abdomen to exclude other path- 

ology the patient was randomly allocated to undergo either 

HSV or TVP. In truncal vagotomy, the vagal nerves were 

sectioned immediately beneath the diaphragm, a short seg- 
ment of each excised and the cut ends diathermized. A careful 

search was made for residual nerve fibres on the surface of the - 
oesophagus. The left gastric artery and its ascending branch 

were ligated and divided. A Heineke-Mikulicz pyloroplasty 

was performed, closure being with a single layer of interrupted 

silk sutures. In performing an HSV a technique similar to that 

of Johnston and Wilkinson (1970) was used, all nerve fibres | 
to the body and fundus of the stomach and lower 5 cm of the 
oesophagus being divided. One patient undergoing HSV was 
withdrawn from the trial intraoperatively when it became 
apparent that the vagal supply to the antrum had been in- 
advertently divided. A pyloroplasty was added in this patient, 


Acid secretion studies 

Eighty-four patients (67 per cent) had a pentagastrin test before 
operation. The peak acid output after pentagastrin (PAOpy) 
was calculated from the two highest consecutive 10-min samples 
multiplied by three and expressed as millimole of hydrochloric 
acid per hour. An insulin test was completed on the fifth post- 
operative day in 114 patients (93 per cent). Hypoglycaemia 
necessitated premature termination of the test in 3 patients and 
in the other 9 insulin tests were not performed because of 
either refusal (5), diabetes mellitus (2), pyloroplasty bleeding (1) | 
or age (over 70 years) (1). After three 15-min collections of 
basal acid secretion, soluble insulin in a dose of 0-2 iu./kg 
body weight was injected intravenously and eight further 
15-min samples collected. The results have been expressed in 
three ways: as early or late positive or negative responses 
using the modified Hollander criteria (Johnston et aL, 1967); 
in terms of basal acid output (BAO - acid output in the two 
consecutive pre-insulin samples that gave the highest readings 
multiplied by two); and also as peak acid output after insulin 
(PAO; = acid output in the two consecutive post-insulin sam- 
ples that gave the highest readings multiplied by two). BAO 
and PAOy were expressed as millimole of hydrochloric acid per 
hour. All secretory tests were performed with the patient 
semi-recumbent on the left side after the nasogastric tube had 
been positioned along the greater curvature of the stomach 
under radiographic control, Losses through the pylorus and 
duodenal reflux were not measured. , 


Follow-up and assessment : 

One hundred and ten patients were assessed by personal 
interview, The interviewer did not know which type of opera- 
tion had been performed. Eleven patients did not attend for 
interview but replied to a detailed questionnaire, Five patients 
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Table 1: COMPARISON OF THE PATIENTS 
UNDERGOING HSV AND TVP 





HSV TVP 

Age (yr 42-5 432 
= 22-70 20-68 

Weight (kg) 69-6 68:9 
53-89 50-88 

Duration of symptoms (yr) 10-5 10-0 
1-40 1-37 

Length of follow-up* (mth) 38-0 40-0 
6-66 6-55 


Values are means with ranges. 
* Excluding patients operated on during the last 6 mth of 
the trial. 


Table II: REASONS FOR EXCLUSION FROM THE 
TRIAL OF 127 OTHER PATIENTS WITH CHRONIC 
DUODENAL ULCERATION AND ITS 
COMPLICATIONS WHO WERE OPERATED ON 
DURING THE SAME PERIOD 


Reason for exclusion Male Female] 
Uncomplicated DU 0 25 
Bleeding ulcer 8 3 
Perforation | 20 3 
Pyloric stenosis 13 3 
Recurrent duodenal ulcer 19 3 
Combined DU and GU 5 5 
Prepyloric ulcer y 3 
DU -- additional pathology at laparotomy 2 Ü 
Other reasons* 8 0 

Total 82 45 





/.* Diabetes mellitus, chronic renal failure, peroperative 
withdrawal. 
DU, Duodenal ulcer; GU, gastric ulcer. 


Table Hi: POSTOPERATIVE COMPLICATIONS 


HSV TVP 

Complication (nz 64) (n= 62) P 
Chest infection 18 15 N.S. 
Wound infection 5 14 «005 
Wound dehiscence Í 0 n.s. 
Incisional hernia 2 3 n.s. 
Pyloroplasty bleeding _ 1 N.S. 
Intraperitoneal bleeding 1 0 n.s, 
Deep vein thrombosis i 0 DLS. 
Pulmonary embolus 2 i Ds; 


Table IV: THE FUNCTIONAL RESULTS (VISICK 
GRADING) OF PATIENTS WHO HAVE BEEN 
FOLLOWED UP FOR MORE THAN 6 MONTHS 


HSV TVP 
(n == 56) (n=: 55) 

Grade 1 43 i a2 2 

Grade 2 9 9356 u 187 

Grade 3 i AT 5 339; 
. Grade 4 3 ^e 7 oe 

Table V: REASONS FOR VISICK 3 AND 4 

GRADINGS : 

HSV TVP 
* (n—4) {n= 12) 

Recurrent ulcer 3 3 

Multiple symptoms 1 3 

Diarrhoea 0 2 

Early dumping 0 2 

Postprandial distension 0 2 


Table VI: NUMBERS OF PATIENTS WITH 
POSTOPERATIVE SYMPTOMS, EXCLUDING | 
RECURRENT ULCERATION, WHO HAVE BEEN 
FOLLOWED UP FOR MORE THAN 6 MONTHS 


HSV TVP 

Symptom (n= 56) (n= 55) P 
Early dumping 1 9 — 0-01 
Late dumping 2 9 c 0-05 
Flatulence 11 23 <00 
Bile vomiting 2 10 002 
Postprandial distension 12 24 < 0-02 
Diarrhoea 4 7 n.s. 
Nausea jy 13 n.s. 
Heartburn 9 10 n.s. 
Dysphagia 3 3 n.s 
Food vomiting á 6 n.s 


Table VII: RESULTS OF GASTRIC SECRETORY 
TESTS 


HSV TVP 
Pentagastrin test n= 40 n= 42 
PAOpa (mmol/h) Mean 42-3 45-9 
Range 16°5--65-1 170-885 
Insulin test n= 57 n= $7 
Early positive 3 i 
Late positive 10 3 
Negative 42 53 
BAO (mmol/h)* Mean 0-82 1-26 
Range 0—11-84 0-10-62 
PAO; (mmoltot Mean 1:56 1-352 
Range 0-24-78 0-15-84 


* BAO > 5-2 mmol/h in | patient after HSV, in 3 patients 
after TVP. 
f PAO; 8 mmolh in 4 patients after HSV, in 3 patients 
after TVP. 


have changed their addresses and have been lost to follow-up. 
Assessment was made on a modified Visick scale. Asympto- 
matic patients were graded Visick 1, patients with mild symp- 
toms Visick 2, patients with partly controlled symptoms Visick 
3 and patients with severe symptoms interfering with work or 
life Visick 4. All patients developing a recurrent ulcer were 
graded Visick 4. 

All patients were included in the calculation of postoperative 
morbidity. Patients who had been followed up for 6 months or 
more were assessed for the completeness of the vagotomy. 

Statistical comparisons were made using the 7? test. 


Results | 

The 62 patients who underwent TVP were comparable 
in respect of age, weight, duration of symptoms and 
length of follow-up to the 64 patients who underwent 
HSV (Table I). There were no operative deaths. During 
the trial period another 127 operations for duodenal 
ulceration were performed in the unit and were not 
included (Table I). The patients with uncomplicated 
duodenal ulcer but other intra-abdominal pathology 
or with another reason for exclusion were treated by 
HSV (4) TVP (5) and HSV with pyloroplasty (1). 
Overall, postoperative complications (Table HII) were 
similar in both groups except for wound infection, 
which was statistically significantly greater after TVP 
(P«0-05). This was attributed to opening the gut at 
pyloroplasty. 

Fifty-five patients after TVP and 56 patients after 
HSV were followed up for 6 months or more with an 
average of just over 3 years, Comparing the four grades 
of Visick classification, no statistically significant 
difference was found. However, the number of patients 
in Visick grades 1 and 2 after HSV (93 per cent) was 
statistically significantly greater than after TVP (78 per 
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Table VIII: DETAILS OF ACID SECRETORY TESTS AND CLINICAL COURSE OF 6 PATIE 
DEVELOPED RECURRENT DUODENAL ULCERATION ARENIS WHO 


Interval between 
operation and 


l PAOpq Insulin recurrent symptoms 
Patient Operation (mmol/h) test BAO PAO; (mth) Outcome 
R. B. HSV 28.8 Early -+ ve 4:34 10-56 3 Revagotomy (TVP) 
D. D. HSV 45-9 Early+ ve 0 1-80 30 On cimetidine 
A.M HSV 54-7 —ve 1-04 1-08 8 On cimetidine 
W.S TVP Not done —ve 10-76 412 42 Symptom-free now 
A.D TVP 46-4 -VE 1:12 0-53 18 On cimetidine 
A.W TVP 45.7 Late -- ve 5-00 24:78 4 On cimetidine 


cent), but only at the 5 per cent level (Table IV). 
Patients in grades 1 and 2 can be considered to havea 
good functional result. The poor results in grades 3 
and 4 were mainly due to recurrent ulceration after 
HSV and to dumping, diarrhoea, epigastric fullness 
and' recurrent ulceration after TVP (Table V). When 
individual symptoms were considered, early and late 
dumping, flatulence, bile vomiting and post-prandial 
distension were significantly more common after TVP 
than after HSV (Table VI). The incidence of diarrhoea 
was not significantly different, but it was notable that 
all 4 patients affected after HSV had mild diarrhoea 
whereas 2 of the patients after TVP had severe enough 
diarrhoea to be classified as Visick grade 3 or 4. 

The peak acid output in response to pentagastrin 
(PAOp,) did not differ significantly between the two 
groups (Table VII). The 23 patients with a PAOp, 
greater than 50 mmol/h, who might be considered 
hypersecretors (Johnston et al., 1975), were equally 
distributed between the two operative groups: only 1 
has developed a recurrent ulcer. Positive responses to 
insulin hypoglycaemia using the modified Hollander 
criteria were found in 15 patients after HSV and in 4 
after TVP—a statistically significant difference (P< 
0-05) (Table VII). The numbers of patients meeting 
' the other criteria of a BAO of more than 5:2 mmol/h 
(Holst-Christensen et al., 1977) and a PAO, of more 
than 8 mmol/h (Faber et al., 1975), however, were not 
significantly different. 

Recurrent ulceration has occurred in 3 patients in 
each group (5-4 per cent), one of whom has had a 
further operation. The clinical and acid secretory 
findings (Table VIII) show no trends to indicate any 
prognostic factors. Four recurrences were found after 
57 operations done by consultants and 2 recurrences 
after 65 operations done by surgeons in training. The 
difference is not statistically significant. 


Discussion 

Most previous comparisons of HSV and TVP have 
been consecutive series. The present study has the 
advantage of random allocation of patients and the 
small number of surgeons involved leads to greater 
uniformity of treatment and of assessment of post- 
operative symptoms. To: maintain the homogeneity of 
the material only male patients having an elective 
operation for uncomplicated duodenal ulceration have 
been included. As a result, 50 per cent of patients 
operated upon in this unit for duodenal ulcer and its 
. complications have been excluded. Women were 
omitted in view of their tendency to a worse post- 
operative result (Goligher et al., 1968) and a lower 
risk of recurrent ulceration than men (Kronborg, 
1974). Another reason for exclusion was pyloric 
stenosis, which was found in only 16 (6:3 per cent) of 


the 253 patients operated on during the period of the 
trial compared with a previous report of a 20 per cent 
incidence (Johnston et al., 
tional results of the two ‘procedures assessed on a 


1973). The overall func- pt 


modified Visick classification showed an advantage ^ 


for HSV (P«0-05) if patients classified as grades 1 


and 2 were compared. However, comparison of all =~ 


four grades in a multiple y? test did not reach 
significance. None the less, in the matter of wound 


infection, early dumping, late dumping, bile vomiting - 


and postprandial distension HSV had superior results 


to TVP. These findings confirm those of many of the —— 
consecutive series and substantiate the implication. 


that more controlled gastric emptying by a vagally 
innervated antrum helps to reduce postcibal symp- 
toms. 

One of the main criteria m assessing operative 


treatment for duodenal ulceration is the incidence of 


recurrent ulceration. Our present level of 5-4 per cent 
is towards the lower end of the range reported but is 
higher than some (Johnston and Goligher, 1975; 

Kennedy et al., 1975). It agrees well with the largest 
recent series, at 4-3 per cent (Goligher et al., 1978). A 
criticism of our report is that only 90 of the 126 have 
been followed for over 2 years, although most re- 
current ulcers have occurred by this time. The re- 
currence rate after operations by surgeons in training 
was not significantly different from that of senior 
surgeons in this series, which contrasts with the finding 
of Holst-Christensen et al. (1977). Neither did we find 
an increased incidence of recurrent ulceration after 
operations on hypersecretors (PAOp,g 50 mmol/h), 


which would agree with Johnston's conclusion that | 


antrectomy and vagotomy is not essential in such 
cases to avoid a high risk of recurrence (Johnston et al., 
1975). Postoperative gastric responses to insulin have 
not yet identified a high risk group in our study, since 
of the 6 patients with recurrence (Table VIII) none 
was positive using all three criteria detailed above, 
1 had 2 positives, 2 had 1 positive and 3 were negative 
by all three criteria. In addition, 5 other patients with- 


out recurrence after at least 3 years were positive to 


all three criteria. 

At this stage in the study we are encouraged by the 
promising symptomatic results after HSV and wait 
to see whether they are maintained in a long term 
follow-up. 
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Fasting and postprandial serum gastrin levels before 
and after highly selective gastric vagotomy, truncal 
vagotomy with pyloroplasty and truncal vagotomy with 
antrectomy : is there a cholinergic antral gastrin 


inhibitory and releasing mechanism? 
SHIU KUM LAM, PATRICK K. W. CHAN, JOHN WONG AND G. B. ONG* 


SUMMARY 

Fasting serum gastrin levels and postprandial gastrin 
response were measured before and 1 month after highly 
selective vagotomy, truncal vagotomy with pyloroplasty 
and truncal vagotomy with antrectomy. The three groups 
of patients, 12 in each group, were closely matched for 
age, sex, maximum acid output and completeness of 
vagotomy. After highly selective and truncal vagotomy 
an identical and significant increase in fasting gastrin 
was observed, whereas after truncal vagotomy with 
antrectomy the pre- and postoperative fasting gastrin 
levels were not different. The net postprandial gastrin 
output over basal value was significantly increased after 
highly selective vagotomy, unchanged after truncal 
vagotomy and significantly lowered after truncal vago- 
tomy with antrectomy. These results suggest the pres- 
ence in the intact subject of a cholinergic inhibitory 
mechanism in the gastric body and fundus for the 
release of antral gastrin in the fasting and postprandial 
states and a possible cholinergic facilitatory mechanism 
for the release of antral gastrin after meals. 


Ir is generally agreed that fasting serum gastrin levels 
become significantly higher after all forms of vago- 
tomy for duodenal ulcer (Becker et al., 1973; Clark 
et al, 1973; Hansky and Korman, 1973; Stern and 
Walsh, 1973; Jaffe et al., 1974; Stadil and Rehfeld, 
1974; Stadil et al, 1974; Hughes and Hernandez, 
1976; Lam and Sircus, 1977), although this is dis- 
puted by some (McGuigan and Trudeau, 1972; 
Meikle et al, 1976). The postprandial gastrin re- 
sponse, however, has been controversial. After truncal 
vagotomy, postprandial gastrin output has been 
found to be exaggerated by some workers (Hansky 
and Korman, 1973; Stern and Walsh, 1973; Hughes 
and Hernandez, 1976) while others, comparing the 
net gastrin rise above basal value before and after 
truncal vagotomy, did not observe a difference 
(Becker et al., 1973; Meikle et al., 1976). After highly 
selective vagotomy, postprandial gastrin release has 
been observed to be significantly increased (Hansky 
and Korman, 1973; Jaffe et al, 1974; Stadil et al., 
1974) and to be no different from the preoperative 
response (Clark et al, 1973; Meikle et al., 1976; 
Brandsborg et al., 1977). These differences in results 
may be related to the failure by some workers (Hansky 
and Korman, 1973; Stern and Walsh, 1973; Hughes 
and Hernandez, 1976) to compare the postoperative 
response with the preoperative response of the same 
patients, since it has been observed that after vago- 
tomy gastrin responses vary markedly between indi- 
vidual patients, although preoperative and post- 
operative responses are positively related within the 
same subject (Stadil et al., 1974). 
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The source of the extra fasting and postprandial 
gastrin has also been disputed., It may be extragastric 
(Korman et al, 1972) or antral (Hughes and Her- 
nandez, 1976) in origin. We have studied the problem 
by comparing the effect of highly selective vagotomy, 
truncal vagotomy with pyloroplasty and truncal 
vagotomy with antrectomy on the fasting and post- 
prandial gastrin output in three groups of duodenal 
ulcer patients matched with regard to age, sex and 
preoperative acid secretion level. 


Patients and methods 

Patients 

Thirty-six patients with non-stenotic duodenal ulceration 
were studied before and approximately 1 month after highiy 
selective vagotomy (12 patients), truncal vagotomy with 
pyloroplasty (12 patients) and truncal vagotomy with antrec- 
iomy (12 patients). The series was selected from patients under- 
going a prospective randomized trial of vagotomy. All 
vagotomies were complete as assessed by a multiple-criteria 
scoring system (Bank et al., 1967). The three groups of 
patients were matched for age, sex and pentagastrin-stimulated 
maximum acid output (Table I). Highly selective vagotomy 
was performed as described by Amdrup and Jensen (1970) and 
Johnston and Wilkinson (1970). Pyloroplasty was of the 
Heinecke-Mikulicz type and a gastroduodenostomy was 
performed for all the antrectomies. 


Gastric acid secretions 

The methodology for maximum acid output measurement and 
for the insulin test was conventional (Baron, 1973). Intra- 
muscular pentagastrin, 6 ug/kg body weight, and intravenous 
soluble insulin, 0-2 i.u./kg, were used as stimuli. An autotitrator 
(TTT, Radiometer, Copenhagen) was used for the determina- 
tion of acidity and the end point for titration was pH 7. An 
insulin test was considered valid only when the blood sugar had 
dropped by 50 per cent or more. 


Serum gastrin determination 
After an overnight fast blood was taken through a needie 
inserted in an antecubital vein and kept patent by a slow 
infusion of normal saline. After 15 min, ie. at zero time, 
another blood sample was taken. The patient then ate a 
standard protein-rich meal containing 50g protein, 40 E 
carbohydrate and 40 g fat in the form of a milk drink (60 g 
Sustagen in 60 ml milk) and Chinese-style rice congee (130 g 
minced beef in 240 ml plain congee with 5 mi of cooking oil). 
Further blood samples were taken at 15, 30, 45, 60, 90 and 120 
min after the commencement of the meal. Each sample was 
stored immediately at 4 *C. The serum from all samples was 
extracted by centrifugation immediately after the test and 
stored at —20 *C for subsequent radioimmunoassay of gastrin. 
serum gastrin was determined by radioimmunoassay in 
duplicates. The details of the aSsay had been reported 
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Table I: COMPARISON OF THE THREE GROUPS WITH RESPECT TO AGE, PREOPERATIVE AND 


POSTOPERATIVE BASAL ACID OUTPUT AND MAXIMU 


Highly selective vagotomy 






F 

{n= 8) (n= 4) 
Age (yr) 49-2 -- 14-5 52-4 - 10-3 
BAO (mmol/h) $:5-4- V4 3$-c-r5 
MAO (mmol/h) 21:9-- 7.8 18:788 
MAO (mmol ht kg») 0-42 -0-15 0-35 .-0-2 
Postoperative BAO (mmol/h) L34 11° L4- 135 
Postoperative MAO (mmol/h) 714504 67444 


Values are means + s.d. 


M ACID OUTPUT 


Truncal vagotomy with 
antrectomy 


Truncal vagotomy with 
pyloroplasty 


(i= 8) (n zz 8) 






F 
(n= 4) 





47.9 +. 14-3 §2:349-9 473-105 55.8-- 6:3 

22:5--87 18:24 8:5 22:6. 10:9 17-6 -- 10:7 

0:43 2- 0-20 0:34 4-021 0-42 -- 0-18 0:34 - 0-20 
6-4 1:4 [32115 0-9 2- 1-0° 0-5-£0-5! 
T2449 66159 3:0 - 2-4f 2:4 4- 2:9! 





No significant difference between males and females in age and preoperative BAO or MAO 


av.b av. cl, g v. i, P 0:025 
gr.h br.cí "^ hc. i, P« 0-025 
de.e( P^ — def Pc«O01 je l, P<001 

jek ev.f,P<OOL ke. I, P<0-025 


Table H: COMPARISON OF FASTING SERUM 
GASTRIN (pmol/l) BEFORE AND AFTER THE THREE 
PROCEDURES 


Truncal Truncal 
Highly vagotomy vagotomy 
selective with with 
vagotomy pyloroplasty — antrectomy 
Preoperative 32-647-9% 28-24 5-1° 30-8 1- 4-78 
Postoperative 59-1 L151? — 6274-1123 — 2484 52f 
Mean difference — 265-1095 350495 — -9.04: 75 


between pre- 
operative and 
postoperative 


, BOSIODUL d VE nUTI ner 
Values are mean + s.e. mean. 

a v. b, P<0-05 ac. ct. e, ns. (F = 0:28) 
c r. d, P< 0-01 


previously (Byrnes et al, 1975; Lam and Lai, 1976). Sensi- 
tivity was below 2-5 pmol/lof serum. Within-assay and between- 
assay coefficients of variation were 6-2 and 13 per cent re- 
spectively. The antiserum reacted equally with G-13, G-17, 
G-34 and big big gastrin. 


Calculations 

The integrated gastrin response following the standard meal in 
each subject was measured by computing the area from zero 
to 120 min under the response curve above the fasting level at 
zero time. 

Student's f test for unpaired data and analysis of variance 
using one-way or two-way classification were used where 
appropriate. Analysis of variance with a two-way classification 
was considered necessary to compare the postprandial gastrin 
response between groups as this takes into account the varia- 
tions in time as well as in response in all the subjects studied. 


Results 

Fasting serum gastrin (Table If) 

Preoperatively there was no significant difference in 
the fasting serum gastrin levels among the three 
groups of patients. After highly selective vagotomy 
and truncal vagotomy with pyloroplasty fasting serum 
gastrin levels were significantly higher than the pre- 
operative levels but were not different from each 
other. There was no difference in the fasting serum 
gastrin level before and after truncal vagotomy with 
antrectomy. 

Postprandial serum gastrin response 

Compared with preoperative values, the integrated 
gastrin response was significantly higher (P< 0-05) 
after highly selective vagotomy, unchanged after 
truncal vagotomy with pyloroplasty (P>0-4) and 


Table III: COMPARISON OF POSTPRANDIAL 
INTEGRATED GASTRIN RESPONSE (nmol mini^*) 
BEFORE AND AFTER THE THREE PROCEDURES 


Truncal Truncal 
Highly vagotomy vagotomy 
selective with with 
vagotomy  pyloroplasty — antrectomy 
Preoperative 2-9-4092 3S- 1-0° 274058 
Postoperative 6-24 1:55 3-20-84 1:0--0-3f 
Mean difference $1098 -O341-42  —22:06 


between pre- 
operative and 
postoperative 


Values are mean -+ s.e. mean. 

a vr. b, P« 0:05 av.cov. e, ns. (F= 027) 
ev. f, P<0-005 € r. d, n.s. 

gv. h, P<0-025 


significantly lower (P « 0-005) after truncal vagotomy 
with antrectomy (Table HI). These results remained 
the same when the preoperative and postoperative 
gastrin responses were compared using an analysis 
of variance with a two-way classification (Fig. 1). 


Discussion 

This study once again confirms previous observations 
that both highly selective vagotomy (Clark et al., 
1973; Hansky and Korman, 1973; Jaffe et al., 1974; 
Stadil and Rehfeld, 1974; Stadil et al, 1974) and 
truncal vagotomy (Becker et al., 1973; Hansky and 
Korman, 1973; Stern and Walsh, 1973; Stadil and 
Rehfeld, 1974; Stadil et al., 1974; Hughes and Her- 
nandez, 1976; Lam and Sircus, 1977) result in in- 
creases in the fasting serum gastrin levels which in the 
present study were found to be comparable (Table I). 
As the groups of vagotomized patients in this study 
were matched for age, sex and acid secretory capacity 
(Table I), and, as they had comparable preoperative 
fasting serum gastrin levels, the identical postopera- 
tive fasting serum gastrin levels indicate that both 
highly selective and truncal vagotomies result in a 
similar rise in fasting serum gastrin. Since the addi- 
tion of antrectomy to truncal vagotomy fails to raise 
the fasting serum gastrin above the preoperative 
level, the source of the increased gastrin after vago- 
tomy probably resides in the antrum rather than 
outside the stomach. This is in agreement with the 
finding of increased gastrin concentrations in the 
antral mucosa of patients with truncal vagotomy 
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Fig. 1. Fasting and meal-stimulated serum gastrin levels before and after highly selective 
vagotomy (HSV), truncal vagotomy with pyloroplasty (TVP), truncal vagotomy with 
antrectomy (TVA). The net rise in gastrin above basal was used for comparison, which was 
done by analysis of variance with a two-way classification. HSV, P«0-01 (F= 26:7); TVP, 


P«005 (F= 0-1); TVA, P «0:01 {F = 58:0). PM, Protein meal. 


(Hughes and Hernandez, 1976). Futhermore, the 
mechanism responsible for the rise in gastrin after 
vagotomy must be related to the cholinergic dener- 
vation of the body and fundus since highly selective 
vagotomy alone raises the level of gastrin. The likely 
explanation for the increased gastrin level is that 
vagotomy (a) removes the acid inhibition to gastrin 
release and (5) removes a gastrin-inhibitory mech- 
anism that is present in the gastric body and 
fundus. 

Our findings of increased postprandial gastrin re- 
lease after highly selective vagotomy largely agree 
with the work of others (Clark et al., 1973; Hansky 
and Korman, 1973; Stadil and Rehfeld, 1974; Stadil 
et al., 1974). After truncal vagotomy, while the post- 
prandial gastrin levels are high, the total gastrin out- 
put above basal is no different from the preoperative 
value. This finding agrees with that of Becker et al. 
(1973) and Meikle et al. (1976), who compared the 
preoperative and postoperative gastrin response to 
meals in the same individual. Others (Hansky and 
Korman, 1973; Stern and Walsh, 1973; Hughes and 
Hernandez, 1976) have reported an exaggerated post- 
prandial gastrin release. These workers, however, 
compared the postoperative values with those of 
a separate group of duodenal ulcer patients who had 
not undergone any operation. There is evidence that 
meal-stimulated gastrin secretion in duodenal ulcer 
subjects varies with acid secretory capacity, normo- 
secretors having a significantly higher gastrin response 
than hypersecretors (Byrnes et al, 1975; Fritsch 
et al, 1976). In addition, as pointed out earlier, 
postprandial gastrin responses after vagotomy vary 
markedly between individuals (Stadil et al., 1974). In 
view of these findings, comparison with a separate 
group of non-operated duodenal ulcer subjects can 
no longer be considered valid. 

As the postoperative acid secretion in the highly 
selective vagotomy and truncal vagotomy groups is 
comparable (Table I), removal of acid inhibition 
can only be a minor mechanism responsible for the 
increased postprandial gastrin output after highly 


selective vagotomy. A possible explanation for the 
unchanged postprandial response in the truncal vago- 
tomy subjects is the presence of a facilitatory chol- 
energic mechanism. This mechanism acting on the 
antral G cells will be intact in the highly selective 
vagotomy subjects and could thus cause a greater 
gastrin response in the absence of the raised acid 
levels that occur in the preoperative subject. 
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The treatment of perforated duodenal ulcer 
P. H. KAY, K. T. H. MOORE AND R. G. CLARK* 


SUMMARY 

The prognosis of 189 patients with a perforated duodenal 
ulcer was analysed. There were three treatment groups, 
non-operative, simple closure and definitive ulcer sur- 
gery. The prognosis of the patients was analysed in 
terms of the chronicity of the ulcer. Perforations occur- 
ring in acute duodenal ulcers have an excellent prog- 
nosis, with similar results in each group in this series. 
All perforations of chronic duodenal ulcers should be 
treated by emergency surgery. 


ULCER perforation occurs in 15 per cent of patients 
with a proved duodenal ulcer over a S-year period 
(Thomson et al, 1960). Perforated duodenal ulcer 
has a mortality of 11 per cent (Mackay and Mackay, 
1976). In 1887 Mikulicz reported the first successful 
oversew of a perforated duodenal ulcer. This form 
of management, however, does not affect the natural 
history of the disease. Griffin and Organ (1976) have 
reported severe ulcer symptoms recurring in 45 per 
cent of patients following simple oversew of a per- 
forated duodenal ulcer. 

Pierandozzi et al. (1957) were first to report satis- 
factory short term results for a selected series of 
duodenal ulcer perforations treated by vagotomy 
and pyloropliasty. Hadfield and Watkin (1964) found 
that only 10 per cent of patients with a perforated 
duodenal ulcer treated by vagotomy and pyloro- 
plasty continued to suffer severe ulcer symptoms, 
compared with 60 per cent treated by simple closure. 
Thus, current practice tends to favour a definitive 
procedure at the time of perforation (Jordan and 
Korompai, 1976). 

A third form of treatment, that of non-operative 
management, was pioneered by Taylor in 1951. 
Gilmour (1953), reviewing 206 cases of perforated 
duodenal ulcer treated by simple oversew, found 
that the chronicity of the ulcer had a significant 
effect on prognosis. In cases of acute duodenal ulcer 
perforation—defined by Taylor (1951) as occurring 
in a patient with less than 3 months' history of dys- 
pepsia—only 7 per cent of patients treated by non- 
operative management continued to suffer mild dys- 
pepsia (Taylor and Warren, 1956). 

In this investigation the results of all three forms 
of treatment for perforated duodenal ulcer were 
examined. An assessment of the mortality and mor- 
bidity was made and the results were analysed for 
P anon in both acute and chronic duodenal 
ulcers. 


Patients and methods 

During the period 1966-75, 189 consecutive cases of perforated 
duodenal ulcer were admitted to three surgical units. Twenty 
patients (average age 71) were moribund on admission and are 
excluded from further analysis. These patients were equally 
distributed between the three units and all died within 24 h. 


Non-operative treatment 

One surgical unit conducted a trial of non-operative manage- 
ment. The diagnosis in the 64 patients in this unit was made 
initially from the classic clinical picture. Pneumoperitoneum 
was found in 91 per cent of cases and the diagnosis of a 


duodenal ulcer was confirmed in all cases by a barium meal 
examination performed 1 week after admission. 

The patients were sedated and rehydrated intravenously. A 
nasogastric tube was positioned under X-ray control so that 
the tip lay along the lower third of the greater curvature and 
the contents of the stomach were aspirated continuously. 
Aspiration was continued until the patient was apyrexial, the 
abdomen was soft and normal bowel sounds had returned. 
During this period the patient was given a course of antibiotics 
{tetracycline or ampicillin). 


Simple closure of the perforation 
The other two surgical units favoured immediate surgical 
intervention. The choice of operation—simple closure or 
vagotomy and drainage—was made according to the cardio- 
pulmonary status of the patient and the degree of peritoneal 
soiling. 

Fifty-seven patients underwent simple closure of the perfora- 
tion using an omental patch. 


Vagotomy and drainage combined with closure of the perforation 
Forty-eight patients had a definitive ulcer operation at the time 
of perforation (43 vagotomy and pyloroplasty and 5 vagotomy 
and gastroenterostomy for associated pyloric stenosis). 


Assessment 

The patients were followed up at 1 month, 3 months and 6 
months and then at 6-monthly intervals for a further 2 years. 
The morbidity was analysed in terms of recurrence of dyspepsia, 
scored on the modified Visick grading of Duthie et al. (1970) 
and the need for definitive ulcer surgery. Patients in Visick 
grades I and Il were considered to have a good result from 
their treatment, whilst those in grades HHI, IV and V had a poor 
result and normally underwent definitive surgery. 

The results of the three forms of treatment were compared 
for perforations of acute and chronic duodenal ulcers. Acute 
ulcers were defined as those occurring in patients with less 
than 3 months’ history of dyspepsia (Taylor, 1951). The y? test 
(with Yates’ correction for small numbers) was used to provide 
a Statistical analysis of the results. 


Results 

The mean age of the 189 patients was 60 with a 
male : female ratio of 3:7:1. The overall mortality 
was 16 per cent with an average age for the fatalities 
of 71. The Visick gradings after primary treatment of 
the duodenal ulcer perforation are shown in Table I 
and an analysis of the results of treatment is given in 
Table Il. 


Perforations in acute ulcers 

There were no deaths in this group of 70 patients 
whose average age was 54 (range 22-77). Six per 
cent of acute ulcer perforations were complicated 
by a subphrenic abscess, which settled with conser- 
vative management in all cases. The incidence of this 
complication was similar in each of the treatment 
groups. 

Non-operative management: Symptoms in 26 patients 
treated non-operatively all settled within 6 days of 
perforation (average 5 days, range 3-6 days). During 
the follow-up period only 6 patients developed severe 
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Table I: VISICK GRADINGS AFTER TREATMENT OF 
PERFORATED DUODENAL ULCER 


Chronicity Visick grading 
of ulcer Management I H iH IV V 
Acute Non-operative 12 8 — 6 c 
Simple closure 14 7 — 3 -— 
Definitive 17 3 — — — 
Chronic Non-operative 1 12 2 7 13 
Simple closure 8 l1 — 6 4 
Definitive 12 8 — 2 3 
Table H: COMPARISON OF RESULTS IN 
TREATMENT GROUPS WITH REGARD TO 
CHRONICITY OF THE DUODENAL ULCER 
Mean 
Management age Re- Subphrenic 
of ulcer (yr) Mortality operation abscess 
Acute ulcer 
Management: 
Non-operative* 55 0 6 (24%) 2 
(n= 26) 
Simple closure" 55 0 3 (13%) 1 
(n= 24) 
Definitive? 51 0 0 1 
(n= 20) 
Chronic ulcer 
Management: 
Non-operative! 60 — 3(895)  24* (63%) 10 
(n= 38) 
Simple closure? 64 4(12%) 10 (3522) l 
{n == 33) 
Definitive! 54 311%) 520%) 2 
(a= 28) 


PLETE Sek A NE CN OE A eee Á 
* Includes 3 fatalities. 

Significance of management in relation to morbidity: 

b v. a, y? = 0:37, O5<P<0-7; ce, a, x* — 3-47, 005<P<0-1; 
e+f o. d, 4? = 9-44, P<0-005 (x? with Yates’ correction). 


dyspepsia. These cases were identified within 6 months 
of perforation and were effectively treated by elective 
vagotomy and pyloroplasty. 

Simple closure: Simple closure of the perforation was 
performed in 24 cases. Three patients (average age 
34) continued to experience severe dyspepsia and 
again elective vagotomy and pyloroplasty was per- 
formed within 6 months of perforation. 

Definitive operation: Twenty patients were effectively 
treated by vagotomy and pyloroplasty at the time of 
perforation. Only 3 patients continued to suffer mild 
dyspepsia (Visick grade Il). 


Perforations in chronic ulcers 
The average age of the 99 patients with perforated 
chronic duodenal ulcers was 60 (range 26-88). Ten 
patients (average age 70) died; all these patients had 
presented more than 24h after perforation. 
Non-operative management: In only 4 (11 per cent) of 
the 38 patients treated non-operatively did symptoms 
fail to settle and emergency surgery was required 
within 10 days of admission. One patient survived 
following simple oversew of the perforation but the 
other 3 died. Ten patients (25 per cent) developed 
an obvious subphrenic abscess: 4 required drainage 
and in the remainder the condition resolved with 
antibiotic therapy. 

Only 13 patients of the 35 surviving remained rela- 
tively symptom-free (Visick grades I and II). Twenty 


patients (59 per cent) underwent definitive ulcer sur- 
gery during the follow-up period, 14 operations being 
performed as an emergency. In the first 6 months after 
perforation, 6 patients had an elective vagotomy and 
pyloroplasty for severe dyspepsia whilst 9 patients 
presented with complications of duodenal ulcer dis- 
ease (4 haemorrhages, 3 reperforations, 2 pyloric 
stenoses). During the following year a further 5 emerg- 
ency vagotomy and drainage procedures were per) 
formed (1 haemorrhage, 3 reperforations, 1 stenosis)- 
Simple closure: Thirty-three patients (average age 64. 
had a simple closure of the perforation. There were 
4 postoperative deaths occurring within 10 days of 
surgery. One patient died following leakage from the 
the suture line, 2 had fatal pulmonary emboli and the 
fourth had a myocardial infarction. Only one sub- 
phrenic abscess was detected in this group and this 
settled with antibiotics. 

A further 10 patients (35 per cent) required defini- 

tive ulcer surgery in the follow-up period. Five 
patients continued to suffer severe dyspepsia and 
were successfully treated by elective vagotomy and 
pyloroplasty within 6 months of the initial perforation, 
whilst the other 5 (2 haemorrhage, 2 reperforation, 1 
stenosis) presented as emergencies during the follow- 
ing year. 
Definitive operation: Twenty-eight emergency vago- 
tomy and drainage (23 vagotomy and pyloroplasty 
and 5 vagotomy and gastroenterostomy) procedures 
were performed in a group of patients whose average 
age was 54. Three patients (average age 64) died, 2 
in renal failure whilst the third had a fatal myocardial 
infarction. Two of these patients had developed sub- 
phrenic abscesses. 

Five patients continued to have severe ulcer symp- 
toms during the first year after operation. One patient 
with an early positive insulin test (Hollander, 1946) 
had a revagotomy whilst the other 4 were effectively 
treated by vagotomy and antrectomy. 


Discussion 
In this series there is an obvious bias in the selection 
of treatment for a particular case: all patients admit- 
ted to one surgical unit had non-operative treatment 
whilst those admitted to the other two units under- 
went a surgical procedure. The operation performed 
was finally determined at laparotomy with regard to 
the cardiopulmonary status of the patient and the 
degree of peritoneal soiling. Nevertheless, the com- 
position of the three treatment groups is remarkably 
similar in terms of both numbers and age and sex 
distribution. The bias becomes apparent in the 
chronic ulcer group, in which patients undergoing 
definitive surgery were, on average, 10 years younger 
than those having a simple closure of the perforation. 
However, despite the factors affecting the selection 
of treatment, the results of operative management in 
our hands compare favourably with those of other 
large series. A 7 per cent overall mortality for duo- 
denal ulcer perforations treatéd by simple oversew 
has also been reported by Griffin and Organ (1976) 
and is far lower than the 21 per cent of Jordan et al. 
(1974), who also used simple closure for the high 
risk patient. The 6 per cent mortality for emergency 
vagotomy and drainage is similar to the 4 per cent of 
Machayya (1968), though application of Hinshaw's 
strict criteria (Hinshaw et al, 1968) would have 
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wound infection, from which one or more of these 
anaetobes have been isolated. 

2) Prevention of post-operative infections due to 
anaerobic bacteria, particularly species of 
bacteroides and anaerobic streptococci. 


Dosage and administration 
in patients with severe anaerobic infection fot whom 
otal medication is not possible or is contra- 
indicated ; it is particularly useful in emergencies 
and ís indicated in patients needing surgery who: 
~ have or are believed to have anaerobic sepsis 
such as septicaemia, peritonitis, subphrenic of 
pelvic abscesses. 
— af operation show signs of established or 
impending anaerobic sepsis. 
~ undergo operations in which contamination 
occurs with anaerobes from the gastro-intestinal 
or female genital tracts or the oropharynx. 
in infants and other patients maintained on 
intravenous fluids, Flagyl injection may be 
diluted with appropriate volumes of normal saline, 
dextrose-saline, dextrose 5 per cent w/v or 
potassium chloride injections (20 mmol and 
40 mmol). 
1. Treatment: 
Adults and children over 12 years: 100 mi by 
intravenous infusion eight-hourly. The injection 
should be infused intravenously at the rate of 5 mi 
per minute but may be administered alone or 
concurrently (but separately) with other 
bacteriologically appropriate anti-bacterial agents in 
parenteral dosage forms. Oral medication with 400 
mg three times daily should be substituted as soon 
as this becomes feasible. Treatment for seven days 
should be satisfactory for most patients but, 
depending upon clinical and bacteriological 
assessments, the physician might decide to 
prolong treatment e.g. for the eradication of 
infection from sites which cannot be drained or are 
liable to endogenous re-contamination by 
anaerobic pathogens from the gut, oropharynx ot 
genital tract. 
Children under 12 years: As fot adults but the single 
intravenous dose is based on 1.5 ml (7.5 mg 
metronidazole) per kg bodyweight and the oral 
dose on 7.5 mg per kg bodyweight. 
2. Prevention: 
Adults and children over 12 years: 100 mi by 
intravenous infusion immediately before, during or 
after operation, followed by the same dose eight- 
hourly until oral medication (200 to 400 mg three 
times daily) can be given to complete a seven-day 
course. 
Children under 12 years: As tot adults but the single 
intravenous dose is based on 1.5 ml (7.5 mg 
metronidazole) per kg bodyweight and the orat 
dose on 3.7 to 7.5 mg per kg bodyweight. 
Contra-indications, warnings, etc. 
There are no absolute contra-indications for the 
use of 'Flagyl injection for anaerobic antibacterial 
thetapy. 
Precautions : 
The recommended dosages, frequencies of 
administration and durations of medication have 
been found effective and well tolerated in nearly all 
cases, However, regular clinical and biological 
surveillance are advised if administration of ‘Flagyl’ 
fot more than 10 days is considered to be necessary. 
Clinicians who contemplate continuous therapy, for 
the relief of chronic conditions, for periods ionger 
than those recommended are advised to consider 
the possible therapeutic benefit against the risk of 
peripheral neuropathy. l 





Such evidence as is available suggests that patients 
with various degrees of renal impairment handle 
metronidazole like patients with normal renal 
function. Daily dosage may, however, be halved for 
patients with renal failure, if the clinician so wishes, 
as such dosage has been found effective, 

Patients should be advised not to take alcoholic 
drinks during metronidazole therapy. 

Metronidazole enhances the activity of warfarin and 
if 'Flagyl' is to be given to patients receiving this 

OF other oral anticoagulants the dosage of the latter 
should be recalibrated, 

Pregnant women toletate metronidazole weil and 
no adverse effect on their offspring has been 
reported. As with all medicines 'Flagyl' should not 
be given during pregnancy or during lactation 
unless the physician considers it essential, 


Side effects and adverse reactions: 

No serious adverse reactions have been encountered 
with the recommended regimes. There have been 
occasional reports of an unpleasant taste in the 
mouth, furred tongue, nausea, vomiting (very 
rately) and gastro-intestinal disturbance. 
Drowsiness, dizziness, headache, ataxia, skin 
rashes, pruritus, inco-ordination of movement and 
darkening of the urine (due to a metronidazole 
metabolite) have been reported but very rarely. 
During intensive and/ot prolonged metronidazole 
therapy, a few instances of peripheral neuropathy 
have been reported but in most cases the reaction 
disappeared after treatment was stopped or when 
dosage was reduced. A moderate leucopenia has 
been reported in some patients but the white cell 
count has always returned to normal before or after 
treatment has been completed. Transient 
epileptiform seizures have been reported in a few 
patients undergoing intensive, high-dosage 
metronidazole radiosensitisation therapy. 


Pharmaceutical precautions 
THIS PRODUCT SHOULD BE PROTECTED 
FROM LIGHT. 


Further information 

Treatment of overdosage: 

There is no specific treatment fot gross overdosage of 
‘Flagyl’. Uneventtul recovery has followed attempts 
at suicide with quantities of 30 and 60 x 200 mg 
tablets. Other established indications for ‘Flagyl’ 
include urogenital trichomoniasis giardiasis, ail 
forms of amoebiasis, acute ulcerative gingivitis and 
acute dental infections. ‘Flagyl’ is also available as 
tablets and, in some territories, as suppositories. 
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Further information is available on request 
*'Flagyl is a trade mark of May & Baker Ltd 
Dagenham Essex RM10 7XS for its preparations of 
metronidazole. 
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produced a zero mortality, in line with the more 
selective results of Jordan and Korompai (1976). 

Only 11 per cent of the 45 surviving patients under- 
going emergency vagotomy and drainage continued 
to experience severe dyspepsia. Similar results have 
been reported by Hadfield and Watkin (1964) and 
Jordan and Korompai (1976). 

The results of the present series confirm that the 
chronicity of a duodenal ulcer is an important factor 
in the prognosis of the patient. Thirty-seven per cent 
of the 189 duodenal ulcer perforations occurred in 
acute ulcers, compared with 25 per cent in the series 
of both Taylor (1956) and Cassell (1969). This empha- 
sizes the difficulty of obtaining an accurate history of 
dyspepsia in a patient with peritonitis. Nevertheless, 
patients with perforated acute duodenal ulcers had 
an excellent prognosis: they tended to be younger, 
had less complicating cardiopulmonary and renal 
disease and presented more rapidly following perfora- 
tion than their counterparts with chronic duodenal 
ulcers. 

There were no deaths in our series of acute duo- 
denal ulcer perforations, confirming the reports of 
Gilmour (1953) and Taylor and Warren (1956). How- 
ever, we were unable to match the excellent results 
of Taylor and Warren (1956), who found that only 
7 per cent of patients with acute duodenal ulcer per- 
foration treated non-operatively continued to suffer 
mild dyspepsia, none of whom required surgical 
management. This may have been a reflection of the 
larger proportion of patients with acute duodenal 
ulcer perforation in the present series. Though there 
was a trend towards a lower morbidity following the 
operative procedures this was not significant. On the 
basis of our results, perforations in acute duodenal 
ulcers could all be treated non-operatively. This 
would spare 76 per cent of patients from operation 
during the follow-up period whilst the remaining 24 
per cent of patients who continued to suffer severe 
dyspepsia could have an elective procedure. This 
figure would have been improved by only 11 per 
cent by performing a simple oversew in all cases. We 
found, however, that patients with perforations in 
acute duodenal ulcers were effectively treated by 
vagotomy and pyloroplasty, only 15 per cent suffering 
mild residual dyspepsia (Visick grade H). 

Patients with perforated chronic duodenal ulcers 
continue to have a high mortality. In this series, 10 
per cent of those actively treated died, but the figure 
rose to 25 per cent with the inclusion of the moribund 
patients. In addition to the high mortality, patients 
with perforated chronic duodenal ulcers have a high 
morbidity. Though 89 per cent of chronic ulcer 
perforations did settle when treated by non-operative 
management, 63 per cent continued to experience 
severe dyspepsia (Visick grades IlI-V) compared with 
35 per cent treated by simple closure and 20 per cent 
who underwent definitive surgery. The results of 
operative management (combined results of simple 
closure and definitive operation) were significantly 
better (y? = 9-44; P<0-005) than those for non- 
operative management. A comparison of the results 
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of simple closure and definitive surgery was not made 
as the selection of the two groups was biased. Thus, 
in patients with a perforated chronic duodenal ulcer, 
a vagotomy and drainage procedure should be per- 
formed if the condition of the patient permits. Those 
treated by simple closure must be followed up care- 
fully as 17 per cent will present as emergencies with 
further complications of duodenal ulcer disease. In 
an attempt to reduce this number we advocate an 
early recourse to definitive surgery. 
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Metronidazole prophylaxis for elective large bowel 
surgery in children: a prospective trial 


OMAR KHAN AND H. H. NIXON* 


SUMMARY 

In a controlled trial in children aged 2 days to 16 years 
undergoing large bowel surgery a group of 15 patients 
had preoperative mechanical bowel preparation and 
oral neomycin while a second group of 15 patients was 
similarly prepared but also had preoperative and post- 
operative metronidazole medication. 

Five of the 9 postoperative infections in the first 
group involved Bacteroides spp. but no anaerobe was 
found in the 3 wound infections in the metronidazole 
group. 


Patients and methods 

Thirty patients aged 2 days to 16 years and needing large 
bowel surgery were randomly allocated to one of two groups. 
The patients, diagnoses, operations, postoperative infections 
and bacteriological examinations are summarized in Tables I 
and H. 

Patients in both groups were prepared for surgery with 
bowel irrigations, dietary restriction and neomycin, This anti- 
biotic was given orally every 6 h for 3 days in doses of 125 mg 
(infants of less than 1 year), 250 mg (1-5 years) or 500 mg 
(more than 5 years). Patients over 5 years of age also had a 
daily instillation of 500 mg into the distal colon. 

Patients in the treatment group also received metronidazole 
orally every 8 h for 48 h preoperatively in doses of 5 mg/kg 
(less than 5 years), 100 mg (5-12 years) or 200 mg (more than 
12 years). Metronidazole medication was continued post- 
operatively with suppositories given 8-hourly for 48h per 
rectum or via the colostomy in doses of 125 mg (less than ! 
year), 250 mg (1-5 years) or 500 mg (more than 5 years). 

All patients had routine haematological and biochemical 
investigations (urea and electrolytes and, in the treatment 
group, liver function tests) performed on admission and during 
the postoperative period. 

At operation a peritoneal swab was taken as soon as the 
abdominal cavity was opened. Another swab was taken from 
the operation site before the peritoneum was closed. Each 
swab was immediately and separately placed in Stuart's 
transport medium and sent for culture. 

The swabs were cultured aerobically on blood agar, 
MacConkey's medium and cooked meat broth and also in an 
anaerobic jar with reinforced clostridium medium plus 10 per 
cent defibrinated blood. The plates were incubated for 5 days 
but subcultured on the second day. 

Wounds were examined daily for signs of infection, defined 
according to Ljungqvist's (1964) criteria as indurated and 
producing pus, swabs of which were sent for bacteriological 
examination. 

Blood samples were taken from all patients in the test group 
24 h and 48 h after operation for polarographic determination 
of the metronidazole concentration by May & Baker Ltd. 


Results 

Wound infections occurred in 9 patients in the control 
group and aerobes alone were isolated from 4 of 
these. Anaerobes did not occur alone in any wound 
infection and the 5 infections from which both anae- 
robes and aerobes were isolated were more severe 
with regard to the temperature and clinical status of 
the patients than those from which only aerobes 
were isolated. Nevertheless, even these wound infec- 
tions responded to simple drainage after 4 days. 
Case 27 developed a pelvic abscess which discharged 


pus via the perineal wound on the sixth day. Anat- 
robic infection did not develop in any patient receiv- 
ing metronidazole and only 3 wound infections were 
noted in this group from all of which aerobes alone 
were isolated. 

Cultures of peritoneal swabs taken peroperatively 
were either negative or grew aerobes only. 

The white cell count remained normal in 18 patients 
and in those patients with infection was significantly 
raised to an average of 15 000. The results of blood 
urea and electrolyte estimations and liver function 
tests remained within the normal ranges. 

Metronidazole serum concentrations ranged from 
7-9 to 46 ug/ml after the first postoperative day and 
from 8-9 to 76 ug/ml 48 h after operation. 

Metronidazole given preoperatively and postopera- 
tively was well tolerated and produced no adverse 
reaction. 


Discussion 

More than 96 per cent of the colonic microflora are 
anaerobic (Drasar et al., 1969; Jawetz et al., 1976) 
and the commonest pathogenic non-sporing anae- 
robes are Bacteroides spp.; therefore, it is to be 
expected that such organisms will be the predominant 
cause of sepsis after colorectal surgery (Leigh, 1975). 
Long and Swenson (1977) have shown anaerobic 
organisms to be present within 48 h in the faeces of 
normally delivered, breast-fed babies. 

Metronidazole has been shown to reduce the in- 
cidence of anaerobic sepsis after colonic surgery in 
adults (Goldring et al., 1975; Feathers et al., 1977; 
Taylor and Cawdery, 1977; Willis et al., 1977; Brass 
et al., 1978). 

In our study of 30 children undergoing elective 
colonic surgery, there were 5 infections involving non- 
sporing anaerobic bacteria in the control group and 
none in the metronidazole group. This difference is 
significant at P = 0-05 (Fisher’s exact test). These 
infections were clinically more severe than those 
involving only aerobes (4 in the control group and 
3 in the metronidazole group). 

These preliminary results encourage us to think 
that metronidazole may be as useful in paediatric 
colonic surgery as it is in colonic resections in adults. 


Acknowledgements 

We thank the Bacteriology Department, especially Professor 
Dudgeon and his Senior Technician, Mr Hamilton, for their 
helpful advice and cooperation. 


References 

BRASS C., RICHARDS G. K., RUEDY 1. et al. (1978) The effect of 
metronidazole on the incidence of post-operative wound 
infection in elective colonic surgery. Am. J. Surg. 135, 
91-95, 

DRASAR B. S., SHINER M. and MCLEOD G. M. (1969) Bacterial flora 
of the gastro-intestinal tract in healthy and achlorhydric 
persons. Gastroenterology 56, 71-79, 





*'The Hospital for Sick Children, Great Ormond Street, 
London, WC1. 


c colonic surgery 


* 


805 . 


æ 


Ti 


ediat 


is in pa 


Metronidazole prophylax 





vpretsqopy 
= ‘SIA 


snajoud 
"goo *3 

snajoJd 
“102 "d 


sopioJoioeg 


saplosajoRg 


— a cg 


SHAAND 
"dois 


sopioJojoeg *sno10Jgd 


5H24np 
"updpis 
"eguaisqopy 

mm "joo "d 
Sipiu4apido 
"ydos 

— *10230201231u:] 
snajoid 


sapio4ojoeg Hor g 


sapio3ojotg goo "y 


eat ntn 


mieten em tp ani 


saqoJotuy 


‘Sear Henri Primae e HH PHA eG m aH MAP NP A nd ANA UM M E HIN race ri 


uornoajur punos aAneodojsoq 


SYM 2 jeudsoqu ut 
Avis [910] *dojsod 
3A [ $822sqe 
MAjad Fursseyosip 
pu? punos 

jo $ousosiuo(] 
PS 

IO} Pasivyssip sng 


sng 
snd Suridieuosip 
Aup 'doisod 
piri uo punom 
snojeulout A1] 


poureiqo snd 
ou jnq poieunpug 


i 


i 
MA 


enhance AAMAS Aa 


uoneu 
-HUP]UOD 
PUNOM 


A1dur 


popto' 


Adug 


Adug 


popeo1 


Aidurj 


Adwa 


Adug 


Adwy 


papro'y 


Adug 
Adura 


popro'] 


P E teere haaraan aa hiaan ne naaa iranran aaan aAA AA aT aa, aran 
wn " ong. 


jo 
HIS 


IMMO uo snojoJd 
o4njjno uo sipiuapido 
"ijdpis *'i25020109]U28 
HOI "gy *uaas SPOL dA— 

WEIS) 'EY002 9A -- UIEIP) 


UGS 3202 3A-j- LB 


19909 9A -|- Uer) 


SAHPSON 
MANNS UO ymor 
ou *uoos suisiugd1o 
Jo sao snd on 


oe4njpnoqns 
uo sipiucopido 


"dns mg psy 


24nj[nti2 uo 

joo T 'usos STOO sng 
o3njpno 
WO I33020J9]1u9 

pur uoos spo» sng 


12002049]U2 “09 “T 
oAnvSau 
ammo Aeunad 
pue uonpurtugxoa 
S1do5s045tJA 
amm 
Uo DIIN 
*uoos SUISIUESJO 
io syjao snd on 
aanqnogns 
uo seipiuaaopido 
"ujdpis NIMI 
Aieunadd uo uywod8 ON 


TT (RMS [ouod 








DAneSON 


BINNS uo 1220204121023 
"enersqory “1709 "3 
UHS 19009 2A -i- WRI 


mnym uo 
yoo ‘q "ipioeq 34— 
IU gd '12202 9A-— WELO 


SAND UO u14048 ON 


SAHEHON 
IMAMI uo 14038 
Ou 'uaas Sulstuez 1o 
JO S1199 snd oN 


DA- JIMAN 
uoos sp22 snd ON 


JA- 2341nj[no 
usas syao snd ON 


9A-- ounjpno 
tuas Syao snd oN 


341nj[n2 UO (14018 
ou ‘uses spao snd ON 
o1nj[no uo 
YIMOIS OU ‘19909 9A — 
WEIL} PUR spao sng 
o1nijpo uo YIMoIs 
ou ‘uss sjo snd ON 


puoses 
UO 02 “7 *oinjpno 
A1vunid uo YIMoIs ON 
anyns Axeuutd 
uo (14018 ou 
INQ u3o9s 19909 MA A- 
WIC) pue soo sna 


sipnu4opido yng 
*;j20020493u23 02 "gy 


| qus [eouodoag 





AUIOISO][OS a1nso[ 
AULO SOOO 
jo1req-apqnop 
pue INIS 

Jo uonosesow 


AWO 
yšnosųymd 
]jeugounuopqv 
esy 
snoonuir [BISIP 
QA AUIOISO[OO 
pue ‘Awojosede’y 


ÁuiOo1s0|02 
jo amnsoyy 


AWIOISO]OO 
pur AuiojoJedv] 


usnouqi[nd 
joureun(q 

usnodumnd 

[eueouruopqe 
puse Awoioiede’y] 


Áuti01SO[02 
jo einso[5 


usnogqimnd 
[pureun( 

ysnosgyynd 
UOSUSMS& 


Átuo1sojoo 
Jo 24nsopo 


usnoauqmnd 
]|geueourmopqv 


Áuio1so[o2 
jo anso 


uonedado 











sisouade 
jeerouy MU p/W/oc 
s111[o20421u9 
dutziyo12ou 
Jaye JIMAS 
pomog weg Wu c/d/6z 
SINJOD 
IAEI 44 $Y) {LZ 
sisouode 
jepeiouy 3^ e/A/7C 
osuostp 
s,dunadsuosirpr P Z/IN/IC 
sisauadu 
jepaiouy pu e/W/oOc 
SISIB E 
posorouy IS pl/IN/LI 
asvasip 
sS3unidsqQosrupp PU eT/W/SI 
SISIUAT B 
[e)e1ou y 3^ €/W/£I 
Sisauase 
Sou Mpi 
oSPoSIp 
s 8un1dsqosug 14 £i/IN/6 
oSPOSIp 
s Sunadsyosarpy IA 8/1N/8 
SISSUDTE 
pepaiouy IA THING 
sisouadv 
[pjodouv NA S/N S 
sisouodu 
jeo40u V X^ pII 
Souse s3 v/xas 


[ou 9597) 


di109D 'IOXWINOO I AQEL 





B 


B 


m 
pu 
you 


..806 Omar Khan and H. H. Nixon 


LX] C Abd 
8.6 | Atq 


UOU 
umes eee TEGO 
epozepronoyq VONJU punoi oa perodosod punoA 


Adwa 


TAOS ON 


enjpnoqns uo 
Drow, sass fDMOIMODHOES T 


emjpo uo ymos oN 





o1mjmo uo 0) *q 


armo uo GAMO oN 





qu z/W/9z 


A 9r/d/ez 
mu g/d/yc 
mu e/W/cz 
JA ¥¢/W/8z 


qiu p/w/61 


qiu cr/W/81I 


qu c/w/9T 


mui e/svi 
JA Gd/1I 


3^ G/W/OI 


€ qu za4/L 


IA YINI 


qut 9/9 /c 





d(105"D TWIOZVYGINOXLUIN Il NSL 


Metronidazole prophylaxis in paediatric colonic surgery 
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Tuberculosis of the peritoneal cavity 
GEORGE A. KHOURY, CHRISTOPHER R. PAYNE AND DAVID R. HARVEY* 


SUMMARY 

The clinical presentation and management of 30 con- 
secutive patients with tuberculous peritonitis are 
reviewed, Seventy per cent of the patients were aged 
40 years or less and 80 per cent were immigrants. The 
main clinical features of abdominal pain, loss of weight, 
vomiting and sweating at night had been present in a 
large number of patients for several months before 
presentation to hospital. The clinical diagnosis of 
tuberculous peritonitis was difficult in the absence of 
extraperitoneal tuberculosis. Laboratory Investigations 
were of little value in establishing the diagnosis. An 
elevated ESR was found in 80 per cent of patients. At 
laparotomy omental biopsy was performed and was 
diagnostic in all cases. Laparotomy was a safe and fast 
method of obtaining tissue for confirmation of the 
diagnosis in suspected cases, particularly when present- 
ing acutely. Ascitic fluid cultures and guinea-pig 
inoculations were positive in only 6 out of the 15 
Pas in whom they were performed. Only I patient 


ALTHOUGH tuberculous peritonitis is now rare 
amongst the indigenous population in Britain, it was 
reported more frequently in the 1920s and 1930s 
(Carson, 1924; Stubenbord and Spies, 1938). It is 
obvious from recent literature that the incidence is 
high in areas with a large immigrant population. 
Kaufman and Donovan (1974) reported a series of 48 
patients with abdominal tuberculosis, 42 of whom 
were immigrants. Only 2 of their 27 patients with 
tuberculous peritonitis presented as an acute problem, 
but our experience at the West Middlesex Hospital has 
been different, In the past year 4 patients admitted with 
acute abdomens requiring exploratory laparotomy 
were found to have tuberculous peritonitis. We were 
therefore prompted to undertake this study to establish 
common features which would help in the diagnosis, 
especially when patients present as an emergency, and 
to ascertain the dangers, if any, associated with diag- 
nostic laparotomy. 


patients with tuberculous peritonitis 
presenting to the West Middlesex and Hillingdon Hospitals 
between 1966 and 1976 were studied. There were 18 male and 
12 female patients. Six were European, 20 of Aslan origin, 3 
from the West Indies and 1 from Malta. The average age was 
34 with a range of 13 to 74 years, and 37 per cent were between 
20 and 30 years of age (Fig. 1). 

Fourteen patients presented at the Accident and Emergency 
Department with abdominal pain, 5 of whom underwent 
either emergency laparotomy or appendicectomy. The duration 
of symptoms before admission varied considerably and ranged 
from a few days to 2 years. Of the 5 patients who underwent 
emergency operation, 4 were symptomatic for less than 1 week. 
The majority of patients ‘presented with abdominal pain, often 
in the mght iliac fossa simulating appendicitis. Other major 
symptoms mcuded anorak, weight loss, sweating at night 
and discomfort from a distended abdomen or an abdominal 
mass (Table I). 

On clinical examination, 7 patients had ascites and 5 patients 
had a ‘doughy’ abdomen. Abdominal rigidity was present in 
4 patients. Pyrexia of 38 *C or more was noted In 19 patients 





3 4 5 6 
Years of domiale in Britain 
Fig. 1. Age distribution of 30 patients in the series. 


Table I: MAIN SYMPTOMS IN 30 PATIENTS WITH 
TUBERCULOUS PERITONITIS 


Symptoms No. of patients » 
Abdominal pain 27 90 
Generalized 8 
Localized 7 
RIF pam 7 
Colicky 3 
Abdominal mass 3 10 
Fever 1l 37 
Night sweats 6 20 
Diarrhoce 6 20 
2 7 
Weight loss 14 47 
Yomiung 15 50 
Postmenopausal i 
bleeding 
Distension 8 27 
Loss of appetite 13 44 


RIF, Right iliac fossa. 


and only 4 had a normal temperature. The average pulse rato 
was 94/min. Tuberculin skin testing in 17 patients was strongly 
positive (1: 10 000) in 11 and weakly positive (1 : 1000) in 2. 
The ESR was raised in 80 per cent and was above 100 
(Westergren mm/h) m 12:5 per cent. Ten male patients had a 
haemoglobin level below 12-5 g/di and 3 female patents had a 
haamogiobin of 11:5 g/dl or less. Six patients had a leuco- 
cytosis (upper limit 11x 10/1) but only 1 patient had a high 
absolute lymphocyte count (3500 cells/ml"). The white blood 
count was within normal limits m 80 per cent of the patients. 
Chest radiographs were obtained in ali patients; pleural effusion 
was seen in 2 and 1 radiograph revealed old tuberculosis. 


Results 

The diagnosis was made clinically in 13 patients and 
was suspected in 4. In all patients the diagnosis was 
confirmed on histology. In 29 patients a diagnostic 
laparotomy was performed, either through a right 
paramedian or appendicectomy incision. In the 


remaining patient the diagnosis was confirmed using 


a Cope biopsy needle. An omental biopsy was taken 
from all patients having laparotomy and the pedicle 
ligated in order to avoid postoperative haemorrhage 
* Surgical Unit, West Middlesex Hospital, London. 
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Fig. 2. Management and findings. 


(a particular hazard in view of the friability of the 
tissues in this condition). The peritoneum was studded 
with tubercles in all cases and a large proportion of 
patients had mesenteric lymphadenopathy. In 1 
patient the liver was macroscopically involved and in 
another a psoas abscess was found which was 
evacuated without drainage. 

Tuberculous peritonitis was described as ascitic or 
plastic depending on whether the reaction was pre- 
dominantly ascitic in nature or fibrous with resulting 
adhesions. The fluid obtained from ascitic patients 
was viscous and often yellow in colour. Protein 
content estimations were not obtained. Culture of 
ascitic fluid was performed in 15 of the 16 patients 
found to have ascites at laparotomy but tubercle 
bacilli were grown in only 6. Acid-alcohol-fast 
bacilli were seen in direct smear in the same 6 patients. 
A right hemicolectomy was carried out for an 
obstructive mass in the terminal ileum in 1 patient 
with plastic peritonitis. Small bowel resection was 
considered appropriate in another patient with two 
strictures in the small bowel. In the remaining 
patients with the plastic type of peritonitis, no 
attempt was made to divide the adhesions. The 
mortality rate in this series was low. One patient died 
a few days postoperatively and post-mortem findings 
revealed a recent myocardial infarct. Morbidity was 
minimal. One patient developed a wound infection 
which subsequently healed and another required 
reoperation 1 month later for division of adhesions. 

All the patients in this series, following histological 
confirmation of tuberculosis, were treated with the 
following regimen. Streptomycin 0-75-1g intra- 


. . muscularly to a maximum dosage of 60-120 g and 


isoniazid 300 mg and PAS 12g orally were given 
daily to the early group of patients for a minimum of 
12 months. More recently we have used ethambutol 


(— I5 mg/kg body weight and rifampicin 600 mg (450 mg 


for patients of body weight less than 50 kg) and 
isoniazid 300 mg, all daily, for 2 months followed by 
` rifampicin and isoniazid or ethambutol and isoniazid 
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Fig. 3. Years of domicile in Britain of immigrant patients 
with tuberculous peritonitis in this series. 


in the above dosages for a further period of 10-16 > 
months. Follow-up to date (a maximum of 12 years . 


and a minimum of 2 years) has shown no evidence of 
reactivation of the disease. 


Discussion 
The prognosis in tuberculous peritonitis was un- 


favourable before the era of antituberculous drugs, - > 


he a mortality rate nearing 50 per cent (Hughes et 


, 1960). It was then accepted that merely opening — d 


E abdomen had a beneficial effect on the outlook 
(Osler, 1891; Hertzler, 1942). With the advent of 
streptomycin in the early 1950s the mortality rate - 
diminished greatly and tuberculosis was almost 
eradicated in the Western hemisphere. However, in 


Great Britain in recent years tuberculosis, particularly ^ 


atypical forms most commonly seen in people of 
Asian origin (Mandal and- Schofield, 1976), has 
occurred much more frequently and presents a — 
diagnostic problem to the clinician. The diagnosis in 
this series of patients was relatively easy to make 
when extraperitoneal evidence of tuberculosis was 
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present in patients of Asian origin who presented 
with abdominal pain and a history of weight loss, 
anorexia and sweating at night. On examination, 
pyrexia, a raised pulse rate, ascites or a ‘doughy’ 
abdomen and anaemia were all helpful in establishing 
the nature of the illness. Difficulties arise when non- 
immigrant patients are seen with a short history of 
febrile illness and acute abdominal pain without 
evidence of chest tuberculosis or ascites. In this study 
21 patients had no evidence of pulmonary disease 
and only 7 of all patients were found to have noticeable 
ascites. In 5 patients a ‘doughy’ abdomen was present. 
Of the various symptoms (Table I) abdominal pain 
was a constant feature in 90 per cent of patients, in 
contrast to findings made by Sochocky (1967) and 
Levine (1968). In the latter series, however, patients 
were investigated for ascites and were therefore 
preselected. The duration of symptoms in our series 
varied enormously; 5 patients with a history of less 
than 1 week underwent diagnostic surgery. 

Although it is generally believed that tuberculous 
peritonitis is more common in women than in men, 
our ratio of 2:3 respectively is contradictory and 
confirms the work of Kaufman and Donovan (1976). 
We consider that little can be concluded from these 
statistics. 

Laboratory investigations were of little help, except 
when tuberculous peritonitis was suspected. Only 12:5 
per cent of patients showed an ESR of more than 100 
(Westergren mm/h). In 80 per cent the value was 
greater than 25 mm/h, this being totally non-specific. 
To add to the diagnostic difficulty, Allen et al. (1957) 
reported that over 25 per cent of their patients with 
active tuberculosis had normal ESR values. Only 1 
patient was found to have a raised absolute lympho- 
cyte count. The total white cell count varied from 
2 x 10?/1 to 13-5 x 10°/ and only 6 patients had counts 
above 11 x 10?/l. Mantoux skin tests in dilutions of 
1 : 1000 were positive in 13 out of the 17 patients on 
whom they were performed. Negative reactions, 
therefore, are of no help in excluding disease, but 
strongly positive reactions are a useful guide to the 
presence of tuberculous peritonitis. 

The diagnosis was confirmed histologically follow- 
ing laparotomy in all 29 patients in whom it was 
carried out, and after needle biopsy of the peritoneum 
in 1 patient, as summarized in Fig. 2. 

Diagnosis may sometimes be made on bacteriology 
of fluid in the ascitic type of disease and on histology 
and tissue culture obtained from biopsy in both ascitic 
and plastic types. A Cope's needle biopsy was used in 
] patient with ascites in this series. Levine (1968) 
obtained a 100 per cent diagnostic success rate using 
this method, but Singh et al. (1969) obtained only a 
64 per cent success. Both workers stress that the 
method must only be used on patients with ascites. 
In our series 29 patients underwent exploratory 
laparotomy, 5 of which were emergencies. We believe 
that laparotomy is a safe and quick method of obtain- 
ing immediate visual diagnosis and should not carry 
a mortality since 70 per cent of all patients were 
under the age of 40*years. A small right paramedian 
incision provides adequate access to the abdomen 
where other pathology such as lymphoma or tuber- 
culous abscess can be excluded. When tuberculous 
peritonitis is suspected, theatre staff should be 
informed so that adequate precautions can be taken. 
It is necessary to dispose safely of all swabs in contact 


with the patient’s wounds and to sterilize anaesthetic 
and surgical instruments and clothing. Patients may be 
nursed on the general wards, provided that adequate 
provision is made for the disposal of contaminated 
dressings. If pulmonary tuberculosis is present, 
patients should be nursed in single cubicles. until 
considered non-infectious. Paracentesis of ascitic 
fluid is useful only if acid-fast bacilli are seen on direct 
smear. Culture and guinea-pig inoculation take 
considerable time before results are obtained and 
results are often negative, as shown in this series, 
where only 6 patients gave a positive result. Peri- 
toneal fluid protein estimation is helpful, but in the 
presence of cirrhosis of the liver, values of less than 
2-5 g/id| may be obtained (Archimandritis et al., 
1977). 

Laparoscopy was performed on patients who were 
originally seen by a gynaecologist, but this was 
unsuccessful due to the presence of adhesions. 
Recently Steinbach (1976) and Baran and Fratkin 
(1976) each reported a case of tuberculous peritonitis 
diagnosed on gallium-67 scanning. This procedure 
may have a place in the management of suspected 
cases where the equipment is available. Not only 
tubercles in the abdomen are seen on this scan, but 
also extraperitoneal infection, such as a pleural 
effusion of tuberculous origin. It is not yet known, 
however, how specific *'Ga scanning is in tuberculous 
infection. 

Finally, the preventive aspects of tuberculosis 
should be further considered. In this series, 20 patients 
were of Asian origin, 6 were from the United Kingdom, 
3 from the West Indies and 1 from Malta. In an area 
with a high immigrant population, these figures are 
to be expected, but the reason why immigrants, 
particularly Asians, have this increased susceptibility 
remains uncertain. There may be an abnormal or 
impaired immune response, probably in the cell- 
mediated system. An alternative or contributory 
factor could be environmental: a high proportion of 
immigrants tends to settle in stress urban areas and 
the traditional Asian ‘extended family’ brings three or 
four generations into close proximity, often in over- 
crowded conditions where they lack basic amenities. 
It has long been recognized that this situation 
promotes the spread of discise. A recent national 
Political and Economic Planning survey (Smith, 1976) 
confirms the overcrowded conditions of many 
immigrant families. It shows that in 41 per cent of 
Asian households and in 34 per cent of West Indian 
households people live at a density of 2 or more 
persons per bedroom, compared with similar con- 
ditions among only 11 per cent of the indigenous 
population. | 

It is noteworthy that more than half the immigrant 
patients in this series had been in Britain for more 
than 3 years (Fig. 3). The theory that the disease is 
acquired in the country of origin must necessarily be 
questioned if there is no marked decline in the number 
of cases presenting in proportion to the time spent in 
the United Kingdom. Recent studies of abdominal 
tuberculosis in Britain have not always shown a 
predominance of the disease in the immigrant popula- 
tion. Mandal and Schofield (1976) from Manchester 
reported 15 cases over 5 years, of whom all but 1 
were immigrants. However, in a similar study from 
Cardiff (Shukla and Hughes, 1978) only 3 of 8 patients 
were immigrants. If it is accepted that environment 


can be a contributory factor then there is no cause for 
complacency regarding the indigenous population, 
for many live in similar overcrowded conditions. 
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Surgical Research Society 


The Summer Meeting of the Surgical Research Society was held at the Universities of Dundee and St Andrews 
on 29 and 30 June 1978 with Professor G. W. Taylor (President of the Surgical Research Society) in the chair. 


The following papers were presented. 


1. The results of biliary scanning with Te pyridoxylidene 
glutamate in jaundiced patients 

F. MURPHY, J. HINTON, J. O. M. C. CRAIG and G. GLAZER, 
Academic Surgical Unit and Department of Radiology, St 
Mary's Hospital, London 


Conventional non-invasive radiological procedures are 
unhelpful in jaundiced patients, though in expert hands ultra- 
sound followed by invasive radiclogy is precise (Benjamin et 
al, 1978). We have investigated "Tc pyridoxylidene glutamate 
(PG) scanning in 45 jaundiced patients (serum bilirubin in 
excess of 40 pmol/l at the time of investigation). 

s TC-PG, 3-5 mCi, was injected intravenously and gamma 
camera exposures made at 5, 10, 15, 20, 30 and 60 min; 
follow-up scans were done selectively at 2, 4 and 18 h. 

Three patterns of excretion were identified: no activity in 
the gastrointestinal tract at 18h, interpreted as complete 
extrahepatic biliary obstruction; delayed emptying (in excess 
of 30 min) with or without a distended biliary tree, regarded as 
partial extrahepatic biliary obstruction; delayed liver clearance 
and delayed visualization of the biliary tree but radioactivity 
in the gastrointestinal tract at 18h, regarded as hepato- 
cellular disease. The Table shows the correspondence between 
scan diagnosis and final diagnosis. 





Complete Partial Hepatocellular 
EHBO EHBO disease 
Scan diagnosis 12 16 li 
Final diagnosis 13 16 12 


EHBO, Extrahepatic biliary obstruction. 


*'Tc-PG scanning is effective in separating causes of jaundice. 
Hs roie as a non-invasive investigation should be further 
explored. 


BENJAMIN I. S., ALLISON M, E. M., MOULE B. et al. (1978) The early 
use of fine-needle percutaneous transhepatic cholangio- 
graphy in an approach to the diagnosis of jaundice in a 
surgical unit. Br. J. Surg. 65, 92-98. 


2. The effect of sphincter-preserving resections of the rectum on 
the function of the anal sphincter 

N. $. WILLIAMS, D. JOHNSTON and R. PRICE, University Depart- 
ments of Surgery and Medical Physics, General Infirmary, Leeds 


Distension of the rectum produces a sensation of impending 
evacuation and inhibits activity of the anal sphincter. Recent 
evidence suggests that these responses are retained when the 
distal colon is distended in patients who have undergone 
excision of the rectum with colo-anal anastomosis (Lane and 
Parks, 1977). 

We have studied anal function in 20 control subjects and in 
20 patients after sphincter-saving resections of the rectum. The 
anastomosis was situated 3-7 cm from the anal verge. Internal 
sphincter inhibition was judged to have taken place when 
balloon distension 10 cm from the anal verge produced an 
immediate fall in resting anal pressure as measured by a 
balloon probe (Hancock, 1976). Under the same circumstances, 
inhibition of the external sphincter was defined as complete 
cessation of electromyographic activity. Sensation threshold 
was assessed as the fninimal volume of balloon distension 
necessary to evoke a response. 

Resting anal pressure at’? cm from the anal verge was found 
to be 90+6 (s.e. mean) cmH,O in controls and 73-44 in 
patients (P« 0-01). The threshold for sensation was 34-- 4 ml 
air in control subjects and 29--2 in patients (n.s.) and the 
quality of sensation was similar in patients and controls. 
Inhibition of internal sphincter activity was found in all the 
control subjects and in 17 of 20 patients (n.s.). External 


sphincter activity was inhibited in 16 of the 20 control subjects 
and in 11 of the 19 patients (n.s.). 

Thus the physiological mechanisms for continence are still 
present after very low rectal excisions. 


HANCOCK B. D. (1976) Measurement of anal pressure and 
motility. Gut 17, 645-651. 

LANE R. H. S, and PARKS A. G. (1977) Function of the ana 
sphincters following colo-anal anastomosis. Br. J. Surg. 
64, 596-599. 


3. The isolation and clinical significance of human enkephalins 
W, P. TORMEY, W. G. DAVIS and P. V. DELANEY (T. P. J. HENNESSY), 
Department of Pharmacology, University College, Dublin, and 
Department of Medicine and Surgery, Trinity College, Dublin 


Methionine and leucine enkephalins act as agonists at opiate 
receptor sites and may function as neurotransmitters (Elde et 
al., 1976). These pentapeptides were first isolated from animal 
brain and peripheral tissues (Hughes et al., 1977). 

The objective of this study was to demonstrate the presence 
of enkephalins in normal, neoplastic and inflammatory bowel 
tissue. Specimens taken at operation were immediately frozen, 
homogenized, centrifuged and the supernatant passed over an 
Amberlite XAD2 chromatography column which retained the 
hydrophobic enkephalins. Following elution with 90 per cent 
methanol, these pentapeptides were further purified by silica 
gel thin-layer chromatography. Commercial preparations of 
methionine and leucine enkephalins were also run on these 
chromatography columns and used as controls. They gave Rp 
values of 3:2 and 4-3 respectively. The corresponding areas on 
the experimental plates were removed and their opioid activity 
measured by bracket assay on the mouse vas deferens. 
Specificity was confirmed using the opiate antagonist, naloxone. 

More methionine than leucine enkephalin was found in all 
tissues. Greater concentrations of enkephalins were found in 
inflamed appendix and carcinoma of the stomach and colon 
than in controls. 

These findings may be relevant to the investigation of 
symptomatology in neoplastic and inflammatory bowel disease. 


ELDE R., HOKFELT T., JOHANSSON O. et al. (1976) Immuno- 
histochemical studies using antibodies to leucine enke- 
phalin; initial observations on the nervous system of the 
rat. Neuroscience 1, 349—351. 

HUGHES J., KOSTERLITZ H. W. and SMITH P. W. (1977) The 
distribution of methionine enkephalin and leucine 
enkephalin in brain and in peripheral tissue. Br. J. 
Pharmacol. 61, 639—647, 


4. Light coagulation of bleeding parenchyma 
E. GUTHY, H.-J. MEYER and R. PICHLMAYR, Department Chirurgie, 
Medizinische Hochschule, Hanover 


The control of bleeding during resection of the liver leaves 
much to be desired. Since Nd-YAG laser beams and more 
recently infrared contact coagulation have become available, 
we have compared both in experimental liver resection and 
used the latter clinically. 

A Nd-Y AG laser beam of 150 W can be used to cut pig liver 
up to 2 em in thickness with satisfactory haemostasis of vessels 
up to 3mm in diameter. Infrared contact coagulation 
simultaneously displaces exuded blood, occludes bleeding 
vessels and transmits light energy causing tissue coagulation. 
A prototype with an emission of 70 W effectively coagulated 
bleeding incisions in pig liver at 600 W/cm? with vessels of a 
diameter up to 3 mm. Depth and characteristics of coagulation 
necrosis were similar with both methods. 

Infrared contact coagulation was used successfully in 30 
patients for the control of bleeding during biopsy and resection 
of liver and spleen. No other method enables safe partial 
resection or biopsy of the spleen to be performed. 


5. Intravascular platelet aggregation: can it be measured in 
surgical patients and does it matter? 

C. N. MCCOLLUM (R. C. KESTER), University Department of 
Surgery, St James’ University Hospital, Leeds 


It is widely suggested that intravascular platelet aggregation 
and adult respiratory distress syndrome are associated. How- 
ever, no method has been proved to measure in vice platelet 
aggregation reliably, although peak screen filtration pressure 
(Swank, 1961) has been tested in vitro (Dhall et al., 1969). 

Screen filtration pressure (SFP) was evaluated in 48 post- 
operative patients using a modified Swank technique with a 
filter diameter of 2-4 mm and a flow of 0-4 ml/s to analyse 5 ml 
of femoral vein blood. The characteristics (height, slope) of the 
pressure curve were compared with the number of aggregates 
seen to occlude the filter pores on scanning electron microscopy 
(SEM). Observer variation studies evaluating the slope of the 
SFP curve improved SFP/SEM correlation to r= 0:94. 
Reproducibility was good (r — 0-95) on repeating tests in 13 
patients. 

To assess the clinical significance of platelet aggregation, 27 
patients were studied before and half an hour after surgery. 


After minor After major 

Preop. op. op. 
SFP slope 2:44- 1:63 18-4147 12:8 4-9-97 
(mean--s.d.) range —1-5 range 0-4 range 2-41 


Twenty preoperative curves differed from 15 tests following 
major operations (P 0-001) but not from 12 tests after minor 
surgery. Three of the 5 patients with the highest SFP died 
postoperatively. 

The results suggest that, in surgical patients, the slope of the 
SFP curve is reproducible, correlates well with the scanning 
electron microscopy detection of platelet aggregation and may 
relate to postoperative progress. 


DHALL D, P., ENGESET J., MCKENZIE F. N. et al. (1969) Screen 
filtration pressure of blood—an evaluation. Cardiovasc. 
Res. 3, 147-154. 

SWANK R. L. (1961) Alteration of blood on storage: measure- 
ment of adhesiveness of 'aging' platelets and leucocytes 
and their removal by filtration. N. Engl. J. Med. 265, 
728-733. 


6. Pathogenic synergy between Escherichia coli and 
Bacteroides fragilis in a guinea-pig wound model 

M. J. KELLY (J. H. PEACOCK), Department of Surgery, Royal 
Infirmary, Bristol 


Investigation of 214 patients undergoing general surgical 
procedures has shown that an operative swab growth of 
mixed aerobic and anaerobic bacteria identified a subgroup of 
patients with a 71 per cent wound infection rate (Kelly and 
Warren, 1978). National Collection of Type Cultures organisms 
representative of those which were commonest in this series 
were Escherichia coli 9434 and Bacteroides fragilis 9343. 

A new experimental model is presented in which 40 guinea- 
pigs each received four 2-cm incised shoulder wounds through 
skin and fat but not deep fascia. Each was contaminated with a 
known dose of mixtures of the above organisms. After 1 week 
the animals were killed, measured blocks of tissue each 
including one wound were excised and viable bacterial counts 
performed on their homogenates (Kelly, 1977). 

Large challenges with pure E. coli caused fatal septicaemia, 
but with B, fragilis alone there was no inflammation. For each 
wound 9:0 x 10* E. coli and 9:3 x 10* B. fragilis given separately 
were subinfective doses; whereas 4-5 x 10* E. coli and 4-7 x 10! 
B. fragilis (i.e. the same total number of organisms) produced 
frank pus 1 week later. Homogenates from each of these 
wounds yielded 107-? cells of each bacterium. This is pathogenic 
synergy. 

When the concentration of one bacterium was held constant 
at these doses while that of the second organism altered from 
10? to 0, a threshold was defined below which synergy did not 
occur and above which it always resulted in 107-7? of each 
bacterium per wound. This suggested a one-to-one synergy. 
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KELLY M. J. (1977) Aerobic and anaerobic mixtures of human 
pathogens: a rapid 4-plate counting technique. Br. J. Exp. 
Pathol. 58, 478-483. 

KELLY M. J. and WARREN R. E. (1978) The value of an operative 
swab sent in transport medium in the prediction of later 
wound infection: a controlled clinical and bacteriological 
evaluation. Br. J. Surg. 65, 81-89, 
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7. Incidence and aetiology of diarrhoea immediately after 
intestinal operations 

M. R. B. KEIGHLEY, Y. ARABI, N. SHINAGAWA, R. H. GEORGE, D. W. 
BURDON, DENISE YOUNGS and J. ALEXANDER-WILLIAMS, Depart- 
ments of Surgery and Microbiology, General Hospital, 
Birmingham. 


Postoperative diarrhoea is common but rarely severe or 
dangerous. Pseudomembranous colitis is one cause of severe 
and sometimes fatal postoperative diarrhoea. We have © 
identified toxigenic strains of Clostridium difficile, neutralized 
by Clostridium sordellii antitoxin as the cause of pseudo- 
membranous colitis (George et al., 1978). 

A prospective study has determined the incidence and 
aetiological factors related to postoperative diarrhoea on one 
surgical gastroenterological ward since October 1977. All 
patients with postoperative diarrhoea (defined as more than 
three stools per day) have been investigated by weekly 
sigmoidoscopy with multiple biopsies and twice weekly stool 
collections for assay of toxin on monolayers of Hela cells and 
counts of C. difficile. 

Of the 72 patients undergoing gastrointestinal surgery, 40 
developed postoperative diarrhoea and have been investigated, 
Twenty-six (65 per cent) patients with postoperative diarrhoea 
had received antibiotics: 17 had C, difficile in the stool and 14 
had faecal toxins (neutralized by antitoxin in 11), all of whom 
had histological pseudomembranous colitis. Of the 14 with 
postoperative diarrhoea who did not receive antibiotics only 3 
had C. difficile in the stool and 2 had faecal toxins, but neither 
ie neutralized nor had histological pseudomembranous 
colitis. 


Ab. No Ab. Total 
No. of patients 26 14 40 
Presence of C. difficile 17 3 20 
Faecal toxins (no. neutralized) 14 (11) 2 (0) 16 (11) 
Histological PMC 1i 0 11 
Sigmoidoscopic membrane 6 0 6 


Ab., Antibiotic; PMC, pseudomembranous colitis. 


These data indicate that (a) C. difficile is commonly associated 
with antibiotic-induced diarrhoea; (b) the presence of C. 
difficile isnot always associated with pseudomembranous colitis; 
(c) the presence of neutralized faecal toxin is a reliable non- 
invasive method for diagnosis of pseudomembranous 
colitis. 


GEORGE R. H., SYMONDS J. M., DIMOCK F. et al. (1978) Identifica- 
tion of Clostridium difficile as a cause of pseudomem- 
branous colitis. Br. Med. J. 1, 695-697. 


8. The amylase creatinine clearance ratio following chole- 
cystectomy 

W. R. MURRAY, B. ROBERTS and C. MACKAY, Departments of 
Surgery and Biochemistry, Western Infirmary, Glasgow 


The amylase creatinine clearance ratio (ACCR) has been 
established as a useful diagnostic test for acute pancreatitis. A 
significant elevation of the ACCR has been reported immedi- 
ately after cholecystectomy without clinical evidence of 
pancreatitis (Donaldson et al., 197%). We have studied the 
effect of prophylactic aprotinin (Trasylol) in the above 
situation. . 

Eighty patients were studied: 29 undergoing minor surgery 
acted as controls, 29 undergoing cholecystectomy were 
randomized to receive aprotinin while a further 22 were not 
given the drug. Aprotinin infusion (1 200 000 units/24 h) was 
started 1 h before surgery and continued for the first 24 h after 
operation. ACCR was estimated before and 24 h after surgery. 
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Before operation there was no significant difference in 
ACCR between the groups. After surgery both cholecystec- 
tomy groups showed significantly higher ACCR values than the 
control group (P<0-01 and P<0-001 respectively). Chole- 
cystectomy patients receiving aprotinin had a significantlv 
lower ACCR than the other cholecystectomy group (P 0-05), 
No patient in the study developed clinical evidence of 
pancreatitis. 

These results confirm post-cholecystectomy elevation of the 
ACCR and, in addition, suggest that this elevation can be 
reduced by the administration of aprotinin. 


DONALDSON L. A., MCINTOSH W. and JOFFE S. M. (1977) Amylase 
creatinine clearance ratio after biliary surgery. Gut 18, 
16-18. 


9. The effect of fat on gastroduodenal motility 
C. M. WHITE, VALERIE POXON, M. R. B. KEIGHLEY and J, 
ALEXANDER-WILLIAMS, General Hospital, Birmingham 


Fisher and Cohen (1973) have demonstrated an increased 
pressure at the pylorus which is augmented by intraduodenal 
fat infusion and which diminishes duodenogastric reflux. They 
concluded that the pylorus is an antireflux mechanism. Intra- 
duodenal infusion is unphysiological and a response so elicited 
may not be relevant physiologically. 

Using a different method (recording continuously and 
simultaneously intraluminal pressures in the antrum, pylorus 
and duodenal bulb) we have re-examined the effects of fat on 
gastroduodenal motility. In normal individuals we have 
compared the effect on intraluminal pressures of intragastric 
infusion of isotonic saline (n — 22) and isotonic fat (10 per cent 
intralipid, n = 10). 

Compared with saline, fat significantly reduced the incidence 
of contractions per minute of recording in the antrum (fat: 
0-0-69, saline: 0-1-2-4; P<0-01) and duodenal bulb (fat: 
0:15-0-62, saline 0-415; P<0-01). In contrast, the incidence 
of pyloric contractions was unaltered by fat. Elevation of basal 
(end expiratory) pressure at the pylorus was never seen with 
saline but occurred in 8 of 10 studies during fat infusion (mean 
elevation 14:4 cmH,O, range 5-0-26-0). The elevation was 
intermittent and lasted for periods of 26 s to 23 min 10s. 

As intragastric fat inhibits duodenal contractions it seems 
more likely that the rise in pyloric pressure is effective in 
slowing gastric emptying than in preventing duodenogastric 
reflux. 


FISHER R. and COHEN S. (1973) Physiological characteristics of 
the human pyloric sphincter. Gastroenterology 64, 67-75. 


10. Synchronous cholangiomanometry during cholecystectomy 
B. RIBEIRO, J. T. W. WILLIAMS, W. LEES, M, ROBERTS and L. P. LE 
QUESNE, Department of Surgical Studies, The Middlesex 
Hospital, London 


Cholangiomanometry was performed on 60 patients under- 
going cholecystectomy for gallstones. A double-lumen 
catheter inserted into the common bile duct was perfused at a 
constant rate (1, 2 and 5 ml/min for 3 min) with a radio-opaque 
solution. The common bile duct pressure and image of the 
cholangiogram were synchronously recorded on a videotape, 
allowing the opening pressure at the time of entry of contrast 
into the duodenum (transit time) to be measured. 

In 47 patients, 4 with stones in the common bile duct, 
following a rise the pressure settled to a new plateau during 
each period of infusion: in 29 of these patients pressure waves 
were superimposed on the plateau, due to intrinsic sphincter 
contractions in 13 and to duodenal contractions in 16. Thirteen 
patients showed a continuous pressure rise during infusion: 8 
had stones in the common bile duct, but 5 did not, sphincter- 
otomy being performed in one of these. In the entire group 
there was a significant correlation between the opening pressure 
and the transit time (r= -- 0:617, P 0-001). On follow-up for 
1-2 years no patients had symptoms suggesting a biliary 
disorder. 

This study provides no support for the hypothesis that 
cholangiomanometry allows detection of a group of patients 
requiring sphincterotomy to prevent postoperative symptoms. 


11. An assessment of post-vagotomy symptoms in a randomized 
trial 

C. G. KOFFMAN and D. G. OSTICK (J. B. ELDER), Manchester Ulcer 
Trial Group (clo University Department of Surgery, Royal 
Infirmary, Manchester) 


A preliminary report of a prospective, randomized trial of 
truncal vagotomy and pyloroplasty (TVP) (n- 76) versus 
highly selective vagotomy (PGV) (n= 77) indicated overall 
comparability of Visick grading after each procedure. Analysis 
has been made of our preoperative and postoperative data for 
the incidence of dumping, including symptoms of postprandial 
fatigue, fullness, sweating and faintness, and also for heartburn, 
food vomiting, bile vomiting and diarrhoea. Symptoms were 
coded on a numeric scale (0-3) to take account of severity and 
a comparison of the preoperative incidence and severity of 
symptoms with that at 6 months to 3 years postoperatively was 
made. 

At 6 months after TVP there was a significantly greater 
incidence of postprandial sweating and fatigue (P<0-05) and 
diarrhoea (P<0-01) than after PGV. However, by 24-36 
months there was no significant difference between the groups. 
At this time there was a decrease in incidence of all symptoms 
apart from postprandial faintness and diarrhoea compared 
with the preoperative state. This decrease was particularly 
noticeable for heartburn, food vomiting and bile vomiting. 

The severity of dumping, heartburn and vomiting assessed 
using a symptom score was found to be clearly reduced in both 
groups after surgery. The mean patient scores for dumping are 
shown in the Table. 





PGV TVP 
Preoperative 1:7 1+4 
Postoperative 
3-6 mth 0-4 1-2 
12-18 mth 0-6 0-7 
24-36 mth 0-9 1-0 





12. Bile salt adsorption by activated carbon 
D. MCCLURE (A. CUSCHIERI}, Department of Surgery, University 
of Dundee 


The diarrhoea following ileal resection is thought to be 
partially caused by unabsorbed bile salts irritating the colon 
(Borgstróm, 1974). Previous attempts to overcome this have 
included the use of bile salt binding resins such as chole- 
styramine (Hofmann and Poley, 1972). Activated carbon has 
been found to exhibit a strong affinity for bile salts in aqueous 
solution. 

The equilibrium adsorptive capacities of the carbons Norit 
A Special, American Norit A and Norit C Extra for sodium 
cholate in water were determined. The capacity of Norit C 
Extra increases on changing to OM phosphate buffer, 
pH 7-0-11-8. 

On testing the Norit C Extra with the other bile salts, the 
higher capacity for the dihydroxy salts became evident. The 
capacity of Norit C Extra is of the same order as the 1—2 
mmol/g found for the ion-exchange resins. However, the profile 
of the adsorption curve for carbon suggests strong, if not 
irreversible, binding (Giles and MacEwan, 1957). 


Table 1: EQUILIBRIUM BINDING CAPACITIES (mmol/g 





In 0-1 M 
In phosphate 
water buffer 
Norit A Special 0-46 
Sodium cholate< American Norit A 0-46 
Norit C Extra 0-63 0-72 
Sodium deoxycholate 0-66 0:82 
Sodium 0-82 
Norit C Extra chenodeoxycholate 
Sodium glycocholate 0-66 
0-74 


Sodium taurocholate 


Activated carbon does not have the disagreeable odour of 
the quaternary ammonium reuns and could probably be 
vacuum degassed to optimize its bile salt binding characterntics. 
Therefore it may warrant consideration as an alternative to 
the ion-exchange resins as a bile salt bindmg agent. 


BORGSTROM B. (1974) Bile salts—their physiological functions 
in the gastrointestinal tract. Acta Mad. Scand. 196, 1-10. 

GILES C. H. and MACEWAN T. EL (1957) Classification of isotherm 
types for adsorption from solution. 2ad Jaternational 
Congress of Surface Activity 3, 457-461. 

HOFMANN A. F. and POLEY J. R. (1972) Role of bile acid mal- 
abeorption in pathogenesis of diarrhoea in patients with 
ikea] resection. Gastroenterology 62, 918—934. 


13, Haemostatic changes In acute pancreatitis 

ISOBEL D. WALKER, J. F, DAVIDSON, JENNIFER O'NEILL and C. w. 
IMRIE, Department of Haematology amd Surgical Unit, Royal 
Infirmary, Glasgow 

Haemostatic changes were monitored daily for 5 days following 
diagnosis in 159 patients with acute pancreatitis in a double- 
blind study of aprotinin (Trasylol). Eighty patients were given 
eprotinm (group A) and 79 a placebo (group B). 

Actrvation of the coagulation system, as indicated by 
significant shortenmg of the kaolin cephalm clottmg time 
(KCCT), was found in 39 per cent of group A and 34 per cent 
of group B. Only 6 per cent of those in group A and 4 per cent 
of those m group B had a prolonged KCCT. No abnormal 
prothrombin or thrombm times were found. In the first 48h 
platelet counts fell slightly but then rose again. Elevated 
fibrinogen degradation products were found in most patients 
but levels over 40 pg/ml were uncommon. Positive ethanol 
gelation tests—evidence of fibrin formation—were recorded 
in 54 per cent of group A and 66 per cent of group B. In both 
groups antithrombin IH and o macroglobulin levels fell 
slightly in the first 24 h. 

Marked acute phase reactant increases wero seen in 
fibrmogen, Factor V, Factor VIII (procoagulant and antigen), 
a, antitrypsin and C, mactrvator levels in both groups. 

No significant differences were detected in the incidence or 
severity of haemostatic changes between the aprotinin group 
and those given the placebo. This study clearly demonstrated 
that in acute pancreatitis non-specific acute phase-reactant 
changes are usually associated with a degree of intravascular 
coagulation, 


14. A prospective eralmation of glucose intolerance in patients 
suspected of having pancreatic cancer 
R. A. B. WOOD, 8. 3. SCHWARTZ, A. H. RUBENSTEIN and A. R. 
MOOCA, Departments of Surgery amd Medicine, University of 
Chicago, and Department of Surgery, University of Dundee 
studies have suggested that patients with 
pancreatic cancer show a high incadence of glucose intolerance. 
These reports are limited by varying definitions of abnormal 
carbohydrate metabolism and the absence of control groups. 

In a prospective study, 99 patients suspected of pancreatic 
cancer underwent a 5-h glucose tolerance test with measure- 
ment of plasma glucose, insulin, C-peptide and glucagon. 
Pancreatic cancer was diagnosed in 32 patients and the 
remaining 67 patients had malignant (extrapancreatic) and 
non-malgnant diseases. Histological proof was obtained in all 
cases. The glucose tolerance tests were compared in the two 
groups. 

The meen age in the pancreatic cancer group was 60-10 
(s.d.) years and in the control group 55412 (s.d.) years. 
Diabetes was previously diagnosed in 34 per cent of the 
pancreatic cancer petients compared with 134 per cent of 
controls (P<0-025). Analysis of glucose tolerance tests 
(American Diabetes Association age-adjusted criteria) showed 
a diabetic curve in the tic cancer group in 15/21 (71 per 
cent) compared with 21/58 (36 per cent) in the control group 
(P«0-01). Diagnosis of glucose intolerance within 2 years of 
presentation was mado in 73 per cent of the pancreatic cancer 
group and m 37 per cent of the control group (P<0 005). 

The 90-min values for plasma insulin were lower in the 
pancreatic cancer group (77413 U/I) compared with the 
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control group (123+10 U/l) (P«0 01) and maximum insulin 
bevels appeared later in the pancreatic cancer group. Similar 
results were obtained for plasma C-peptide, but there were no 
significant differences with plasma glocagon levels. 

Glucose intolerance over the age of 50 may be the first 
indication of pancreatic cancer and is due to a decreased and 
delayed insulm release. The cause of B-cell suppression may 
provide a diagnostic marker for early detection of pancreatic 
cancer. 


15. Origin of increased muscle water in critically fl surgical 
patients . 

R X. J. G. KING and G. L HILL, University Department of 
Surgery, General Infirmary, Leeds 


It has been shown that there is an increased ratio of water to 
fat-free dry weight (FFDW) m the muscle of critically ill 
surgical patients (Vinnars, Bergstrom et al, 1975; Vinnars, 
Furst et al., 1975). 

Tho following discrete possibilities could account for this 
change: (a) a primary increase In extracellular fluid; (6) a loss 
of whole cells with fluid replacement; (c) a loss of sarcoplasmic 
contents; (d) a loss of cell protein with no fluld change; and 
(e) a primary increaso in mtracellular fluid. 

Wo have studied the electrolyte and water composition of 
muscle obtained by needle biopsy from 15 critically ili surgical 
patents (10 males, 5 females, mean age 53:7 years, range 27-65 
years) to distinguish between the five possibilities. The results 
are shown in the Table (mean-ts.emean). 


Cnitically ill Healthy 

Electrolytes (mmol/kg FFDW) 

K 4344-17-04 411-2+15-5 

Mg 33-84-1:37 335-5+1-66 

Na 189 4-20 04 134:12-13-65 

a 153:94- 18:89 101:3:-10:2 
Water (kg/kg FFDW) 

H,O total 3-89 -- 0-09 3:30-- 0-05 

H,O extracellular 1-39+0-17 O81+0-11 

H,O intracellular 2-504012 2-494012 
Electrolyte concentration (mmol) 

K 1744+687 16114695 

Mg 12-9 43-0 49 14-2 +032 


There was no significant difference in the ratio of potassium 
or magnesium to FFDW or of the intracellular concentration 
of potassium or magnesium between patients and controls. 
Compared with controls, the ratio of total water to FFDW 
was significantly incroased (P«0-002) and this mcrease was 
due to & change in the ratio of extracellular fluid to FFDW 
(P « 0-02). 

It is concluded that increased muscle water in critically ill 
surgical patients is due either to a primary mcrease in extra- 
cellular fluid or to a loss of muscle cell sarcoplasm. 


VINNARS E., BERGSTROM J. and FURST P. (1975) Influence of the 
postoperatrve state on the intracellular free amino acids 
in human muscie tissue, Ann. Surg. 182, 665-667. 

VINNARS E., FURST P., GUMP F. E. €t al. (1975) Influence of 
trauma and sepsis on water and electrolytes of human 
muscle tissue. Surg. Forum 26, 16-18. 


16. Value of early postoperative feeding with elementa! diet 

& SAGAR, P. HARLAND and m. SHIELD$, Umoersity Departinent 
of Surgery, Liverpool 

After major operations patients lose weight and are in a 
marked negative nitrogen balance. We studied the effect of 
giving an elemental diet In the early postoperative period to 
sco if these changes could be prevented or minmuzed and to 
determine whether the nutritional benefit of this dict was 
associated with fewer complications and a shorter stay in 
hospital. In this clinical and metabolic study, 30 patents under- 
going major gastromtestinal surgery were randomly allocated 
into two groups: one group was fed an elemental diet solution 
through a nasogastric tube up to the seventh postoperative day 
and a control group was treated nutritionally m the conven- 
tional manner. 
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The postoperative hosprtal stay was shorter in the elemental 
diet group compared with the control group (median 14 days 
. p. 19 days) (P«0 05, rank Wilcoxon test). The mean weight 
loss in the control group was 2-97 kg-- 0-83 se, mean, signi- 
cantly different from a gam of 1-08 kg+0-43 se. mean in the 
elemental diet group (P« 0 05). There were fewer postoperative 
complications in the elemental diet group. Throughout the 
period of the study the control patients were in & significantly 
greater negative eat balance. 

This preliminary study suggests that early postoperative 
feeding with elemental da can be clinically and nutritionally 
beneficial after major ghstromtestinal surgery. 


17. Comparison of tisme composition of weight changes 
occurring in patients fed with an elemental diet and in patients 
fed intravenously 

C. K. YEUNG, X. C. SMITH and G, L. HILL, Unloersity Department 
of Surgery, General Infirmary, Leeds 

Gains in body welght are frequently seen in patients receiving 
intravenous nutrition, though these have been shown to be 
largely due to gains in body water (Hill et aL, 1978). Con- 
tinuous infusion of an elemental diet can be an alternative to 
intravenous nutrition, but there have been no studies of the 
tissue composition of the weight changes that occur with this 
type of therapy. 

We studied 4 male and 14 female patients (mean age = 556 
years, range 29-76), with nutntional failure or other surgical 
complications, who were fed by continuous infusion of an 
elemental diet (Flexical), and 6 male and 12 female patients 
(mean ago = 56:5 years, range 41-71) who received intravenous 
nutrition durmg the same period. Patients in the elemental diet 
group received 35-8-+9-9 kcal/kg body weight dally for 13-4+ 
2 2 days and those in the intravenous nutrition group received 
42:4--8-8 kcal/kg body weight dally for 13:84 1:6 days. The 
changes in body welght, fat, protein and water over the 2-week 
study period were measured in all these patients, using the 
method described by Hill et al. (1978). 

The results for the groups were as follows: 


816 


Weight Fat Protein Water 
Group (kg) (kg) (kg) (kg) 
ED 4624-05 012402 0402 +01+104 
IVN +2:940-7* +08401* -—04+04 +25+06* 
Pt P<l P<0-02 n.s. P« 0-01 


ED, Elemental diet; IVN, intravenous nutrition. 
All results expressed as mean 1-s.6. mean. 

* Significant at 1 per cent level by paired z test. 
t Non-paired f test. 


These results show that the administration of an elementa 
duet by continuous infusion can maintain body composition in 
ill surgical patients, and is not accompanied by the problem of 
water retention as seen 1n mtravenously fed patents. 


HILL G. L., MCCARTHY L D., COLLINS J. P. et al. (1978) A new 
method for the rapid measurement of body composition 
in critically ill surgical patients. Br. J. Surg. 65, 732—735. 


18. N*-methyihistidine in human umecle protein 
E. GROSS, I. B. HOLBROOK and M. H. IRVING, Department of 
Surgery, Hope Hospital (University of Manchester School of 
Medicine), Salford 
An increasing number of workers in the field of surgica 
metabolism and nutrition are using estimation of the urinary 
content of NY-methylhistidline (3-methythistidine) as an 
indication of the contribution of muscle protein in the catabolic 
response to injury and sepsis. The quantity of muscle protein 
broken down may be cajculated from the urinary excretion of 
N*-methylhistidine (NYMH) assuming the concentration of 
NYMH m calf muscle to be.1-76 uumol/g (0-027 per cent) dried 
crude protein (Asatoor and Armstrong, 1967). This quoted 
value for stristed muscio has never been verified, nor has the 
NYMH concentration in human smooth muscle ever been 
determined. 

Muscle biopsy specimens were obtained from 30 normally 
nourished adult patients undergoing cholecystectomy and 


elective colectomy. Specimens of rectus abdominis muscle 
were immediately snap frozen in liquid nitrogen and stored at 
—20* C until analysis. Strips of smooth muscle were obtained 
from the taenia of excised colons and similarly treated. 

Aliquots of fat-free dry solid extracts were prepared 
according to the method of Haverberg et al. Ed re 
and analysed for NYMH on a Jeol JLCGAH amin 
analyser. 

The mean NYMH concentration of rectus muscle (a= 15) 
was 3:132-0-70 umol/g dried crude protein (0047+011 per 
cent) and in the taenia samples (a = 15) the moan concentration 
was 2.41056 umol/g dried crude protem (0-036-+0-008 per 
cont). There was a statistically significant difference between 
these values (P<0-005, unpaired Student's ¢ test). 

It is apparent that the muscle content of NTMH is at least 
40 per cent higher than the quoted value. This means that the 
method of calculating muscle protean breakdown based on 
NYMH excretion requires revision. 


ASATOOR A. M. and ARMSTRONG M. D. (1967) 3-Methylhistidine, a 
component of actin. Biochem. Biophys. Res. Comm. 26, 
168-174. 

HAVERBERG L. N., OMSTEDT P. T., MUNRO H. N. et al. (1975) NY- 
methythistidine content of mixed proteins in vanus rat 
tissues. Biochem. Biophys. Acta 405, 67-71. 


19. Loss of protein from oncle and other tissues In patients 
with preoperative weight loss 

I. BURKINSHAW, D. B. MORGAN and G. Le HILL, Unmiperiity 
Departments of Medical Physics, Chemical Pathology and 
Surgery, General Infirmary, Leeds 


It has recently been suggested that, after surgery, nitrogen is 
lost from body protein y rather than from skeletal 
muscle alone (Hill et aL, 1978). It is not known whether the 
same is true when weight ss lost before surgery or whether 
there u then a preferential loss from muscle. 

Body protein can be estimated from total body nitrogen 
measured by ia npo neutron activation analysis; total body 
potassium is measured simultaneously. Since muscle is relatively 
rich m potassium, à hugher proportion of muscle m the body 
results in a higher ratio of total body potassium to total body 
nitrogen. We havo derived equations in which muscie and non- 
muscle protein can bo estimated from the value of this ratio. 

Measurements of body weight, total body nitrogen and total 
body potassium were made on 10 healthy subjects (9 men, 1 
woman) and 80 patients (40 men, 40 women) with varying 
degrees of weight loss who were awaiting major surgery. 
Muscle protein (MP) decreased progressively and significantly 
(P<0-01) as weight loss (WL) Increased, according to the 
regression equations 

Men: MP (kg) 2-99 —0-11 WL (kg)- 1-28 
Women: MP (kg) 5 1:68 —0-07 WL (kg):: 0-63 


Non-muscle protein was independent of weight loss; its mean 
value for men was 8:4 kg (s.d. 1:5 kg) and for women 6:5 kg 
(s.d. 1-2 kg). 

It 1s concluded that the patients presenting for surgery who 
had lost weight had lost protein preferentially from muscie, 
while non-muscle protein was spared. 


HILL G. L., MORGAN D. B. and BURKINSHAW L. (1978) Tho origin 
of the nitrogen loss after surgery. (In preparation.) 


20. The valve of hair root morphology in the assesament of the 
nutritional status of surgical patients 

M. H. JOURDAN (L MCCOLL), Department of Surgery, Guy's 
Hospital, London 


The most important smgle determinant ofa patient's nutritional 
status is the cellular ability to synthesize protein. Direct 
measurement of albumin or total body protein synthesis rates 
is difficult and contentious. 

The hair root morphology has been studied as an indicator 
of protein synthews in surgical patients, using the technique of 
Bradfield (1972). Hair roots have been plucked from the 
s des region of the scalp and, on viewing at x 160 under 

the microscope, have been divided mto anagen (protein 
synthesizing), telogen (resting) and atrophied bulbe. Tho 
anagen bulb diameters have also been measured. 


Mean anagen 


No. of bulb diameter 
Group patients % anagens* (mm)* 

Minor surgery 20 79-0 0-137 

61-94 0-069-0-178 
Major surgery preop. 17 48-9 0-118 

4-81 0:050-0-167 
Major surgery postop. 17 44-0 0-105 

10-78 0-045-0-160 


* Values are mean and range. 


Of the major surgical group, 22 per cent had anagen per- 
centage values and anagen bulb diameter values —2 s.d. below 
the mean for the minor surgical group. Percentage anagens 
and anagen diameters in general correlate well in the pre- 
operative state with serum albumin concentration, but not 
with weight, skinfold thickness or arm muscle circumference. 
Seven days after major surgery there was a significant fall in the 
mean anagen bulb diameter, which does not correlate well with 
any change in serum albumin concentration. 

Hair root morphology would seem to be an easily obtainable 
index of an individual's protein synthesizing ability in the pre- 
and postoperative situations. 


BRADFIELD R. B. (1972) A rapid tissue technique for the field 
assessment of protein-calorie malnutrition. Am. J. Clin. 
Nutr. 25, 720-729, 


21. Effects of intravenous hyperalimentation or amino acid 
infusion on plasma proteins after major surgery—a controlled 
clinical trial 

G. A. YOUNG, J. P. COLLINS and G, L. HILL, Renal Research Unit 
and University Department of Surgery, General Infirmary, Leeds 


Major surgery and sepsis cause loss of total body nitrogen and 
falling plasma protein concentrations. Loss of body nitrogen 
can be minimized by intravenous hyperalimentation or by 
infusing amino acids alone. However, comparative data for 
the effects of these therapies on plasma proteins are not 
available. 

We have compared three groups of 10 patients, matched for 
age, weight, preoperative weight loss and diagnosis before, 
during and 15 days after rectal excision (Collins et al., 1978). 
Each group was allowed oral intake and received no additional 
therapy or full hyperalimentation or amino acids alone. 


T P RBP 
(mg/100 ml) (mg/100 ml) (mg/100 ml) 
Normal 285-40 28:5-- 4-3 6:5-- 1:4 
(n zz 12) 
Controls 1. 2984-83 1.258482 1. 5-3415 
(n= 9; 2. 2274-57* 2. 19:5--9:2 2. 4:6 4-2:3* 
Amine acids 1. 2853-67 1. 27-541} 1. 5942-7 
-+ glucose 2. 2794-66 2. 30-0.- 8:2 2. 7-4+2°6 
(a= 10) 
Amino acids 1. 251495 1, 230-84 1. 454- -8** 


(n= 10)  2.203.-.45*** 2.18-6411-1* 2. 3-6+1-8*** 


T, Transferrin; P, prealbumin; RBP, retinal binding protein. 
i., Preoperative value; 2., value after treatment. Values are 
mean -i-s.d. 

Values significantly lower 
** P—0-02; *** P<0-005, 


than normal: * P«0-05; 


Plasma transferrin, prealbumin and retinol binding protein 
were normal before surgery in most patients. Postoperatively, 
concentrations were decreased but were restored to normal 
after full hyperalimentation, whereas they were lower than 
normal both in controls and in patients receiving amino acids. 
Albumin, B-lipoprotein and «,-macroglobulin were normal 
before surgery and after treatment, being insensitive to the 
different therapies. Postoperative increases in acute phase 
proteins, e.g. «,-antichymotrypsin and C-reactive protein, were 
highest during sepsis. Total body nitrogen was spared in both 
groups receiving intravenous nutrition, but those not receiving 
glucose showed delayed healing and were in hospital longer, 
as were the control group. 
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Full hyperalimentation, in addition to sparing nitrogen, 
probably ensures maximum utilization of amino acids, 
restores plasma proteins to normal more quickly and hastens 
convalescence. 


COLLINS J. P., OXBY C. B. and HILL G. L. (1978) Protein sparing 
therapy after major surgery—a controlled clinical trial of 
intravenous amino acids and intravenous hyperalimenta- 
tion. Lancet 1, 788—789. 


22. Changes in the body fluid compartments during surgery 

W, M. ROBARTS, N. MENZIES-GOW, C. LAWSON-SMITH and M. 
HOBSLEY, Department of Surgical Studies, The Middlesex 
Hospital, London 


Acute changes in haematocrit reflect changes in plasma volume 
(Le Quesne et al., 1960). Simultaneous measurement of the 
plasma protein concentration enables a distinction to be made 
between changes in the plasma compartment alone and 
changes in the whole extracellular space. 

Evidence for this statement is provided by the parallel 
changes occurring in patients who would be expected to have 
lost extracellular fluid, e.g. during intestinal obstruction or 
paralytic ileus (n= 48, P<0-001), or following dumping 
provocation tests (n = 104, P 0-001). No such parallel changes 
occurred in patients who had lost plasma (n= 6). 

Using these principles, two groups of patients were studied: 
group 1, major abdominal surgery (n = 14), group 2, major 
non-abdominal surgery (a = 12). 

The microhaematocrit and plasma protein concentration 
(Atago refractometer) were measured preoperatively, post- 
operatively and at 4 and 24 h postoperatively. 

Median values of the percentage falls in plasma volume as 
estimated by haematocrit and plasma protein concentration 
were as follows: 


Group 1 Group 2 

Postop. 

Haematocrit --16:8? —(0-2* 

Plasma protein 1-38 —0°5 
4 hours 

Haematocrit +1674 -07E 

Plasma protein -048 —1-0 
24 hours 

Haematocrit —2-0% 15-5! 

Plasma protein —7-7b — 7] 


a g. b, a v. c, dv. e d v. f, gv. h, go i: P<001 (Wilcoxon). 


In group 2 neither haematocrit nor plasma protein con- 
centration rose after operation, so there had been no loss from 
the plasma or extracellular compartment. In group 1 there was 
no increase in plasma protein concentration, but haematocrit 
values did rise; the plasma compartment had shrunk without 
any loss (cf. Shires et al., 1961) from the rest of the extra- 
cellular space. 


LE QUESNE L. P. HOBSLEY, M. and HAND B. H. (1960) The dumping 
syndrome, I. Factors responsible for the symptoms. Br. 
Med. J. 1, 141-146, | 

SHIRES T., WILLIAM J. and BROWN F. (1961) Acute changes in 
extracellular fluids associated with major surgical 
procedures. Ann. Surg. 154, 803-810. 


23. Intrarectal metronidazole in the prevention of wound 
infection after emergency appendicectomy 

D. ROSS, J. RODGERS, W. MCNAUGHT and G, GILLESPIE (D. C. 
SMITH), Departments of Surgery and Bacteriology, Victoria 
Infirmary, Glasgow 


The clinical importance of non-clostridial anaerobic organisms . 


of the bacteroides group is now well established and the value. .—— 
of prophylactic oral antimicrobial: agents in reducing the 


incidence of infective complications after elective colonic 
surgery has already been demonstrated (Goldring et al., 1975; 
Willis et al., 1977). 

The aim of the present study was to extend this prophylactic 
approach to the emergency situation and by a controlled : 
clinical trial to assess the value of metronidazole in the preven- 
tion of wound infection after emergency appendicectomy. 
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Ninety patients with & presumptive diagnosis of acute 
appendicitis were randomly allocated to receive either placebo 
i Aarona or metronidazole 1-g suppositories at the time of 

diagnosis and postoperatively 8-hourly for 48 h. Venous blood 
samples were taken at the time of surgery to measure circulating 
drug levels and appropriate bacteriology specimens taken. 
Wound inspections were made on the third and tenth post- 
operative days. 

Seven of 48 patients in the placebo group had severe 
anaerobic wound infection, whereas none of 42 was infected in 
the treated group (P« 0 02). No local or general toxicity was 
observed : 


The results of this study demonstrate that prophylactic 
intrarectal metronidazole significantly reduces the incidence of 
anaerobic wound infection after emergency appendicectomy. 


GOLDRING J. R, SCOTT A., MCNAUGHT A. et al. (1975) Prophy- 
lactic oral antimicrobial agents in elective colonic surgery. 
Lancet 2, 997—999. 

WILLIS A. T., FERGUSON L R, JONES P. H. et al. (1977) Metro- 
nidazole in prevention and treatment of becteroides 
infection in electrve colonic surgery. Br. Med. J. 1, 318-320. 


24. Asseesment of surgeon and equipment performance in a 
simple surgical task 

L. P. FIELDING, A. TUCKER and H. A. F. DUDLEY, Academic 
Surgical Unit, St Mary's Hospital, London 


Vascular occlusion clms, originally introduced by Cushing, 
are increasingly bemg used in general and other branches of 
surgery. Theur overt performance m the hands of experienced 
surgeons appears satisfactory. The availability of two different 
systems permits (a) comparrzson of their relative efficiency and 
(b) their use to test consistency of performance of surgeons in 
the smmple surgical manoeuvre of their application. The 
variable chosen for evaluation was clip gripping power under 
standard conditions. 

Twenty lengths of Metri 1 monofilament nylon were fixed at 
each end in a tension Hg. One clip was applied to cach length of 
nylon in random order and the security of grip achieved was 
tested by the force in grammes required to pull the clip free 
along the nylon. Measurements were made with a strain gauge 
and & progressivo distractive force applied with an clectric 
motor. Five subjects were tested on three occasions. 
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Subject Clip 1 Clip 2 
Registrar 344 1- 39-8 8414-239 
Registrar 434 1-375 829 4- 28-4 
Lecturer 57333-3 10754+4205 
Senior lecturer 482 2- 25-4 8674214 
Technician 349 +30-2 800 4:21-7 


Values are force in grammes (mean and coefficient of variation} 


Analyus of variance disclosed significant differences between 
clip type (P<0-001) and individuals (P<0-001) but not within 
clip types or individuals. Thus, an individual's performance 
was consutent, as was that of each system, but levels of 
performance were widely different for both individuals and 


Evaluations of this kind contribute both to our under- 
standmg of good instrument design and to measuring surgical 
performance, 


25. Tenslon and the viability of skin flaps 

P. M. STELI, Department of Otolaryngology, ENT Infirmary, 
Liverpool 

Tension is said to reduce the viability of a skin flap by interfer- 
ing with its blood supply (McGregor, 1968), but this conten- 
tion has not been investigated. 

Twelve pairs of flaps on the pig’s abdomen were studied. The 
flaps were 30 mm wide by 44 mm long, the latter being the 
mean surviving length of flaps of this size of base (Stell, 1977). 
Thus half this number of flaps should survive completely. One 
flap in tach pair, determined randomly, was stretched length- 
ways as much as possible and the length of the skin defect was 
increased to accommodate the increased length of the flap. 
(The Increase in length of the flaps under stretch was 567 per 


cent.) The flap was then sown in under maximal tension. The 
other flap in each pair was sewn back m its original size, The 
surviving length of the flaps was measured 5 days iater. 

Eight of the 12 unstretched flaps survived completely but 
only 1 of the 12 flaps under maximal tension. These differences 
are statistically significant (P- 0-01). However, the surviving 
length of the flaps under maximal tension did not differ 
significantly from the values for unstretched flaps of the same 
sizo: unstretched flaps, 41-6--2:81] mm; maximally stretched 
flaps, 47-34-3-54 mm (meen-rs.e. mean) (Student's t test for 
unpaired data, fea 1-24, 29 d.f.). 

Tension decreases the chance of a flap’s survival but the 
length of that part which does survive 1s unchanged, so that the 
main effect of tension m probably to alter the length : breadth 
ratio of the flap. 


MCGREGOR L A. (1968) Fundamental Techniques of Plastic 
Surgery, 4th ed. Edinburgh, Livingstone, p. 104. 
STELL P. M. (1977) The viability of skin flaps. Aan. R. Coll. Surg. 
(Exgl.) 59, 236-246. 


26. Once a beilyacher, always a beilyacher? 
W. A. F. MCADAM, D. H. WILSON, 3. 8. MATHARU, P. DAVENPORT 
and F. T. DEDOMBAL, Airedale District General Hospital, 


Yorkshire, General Infirmary, Leeds, and St James’ Hospital, 
Leeds 


The present study was designed to answer the following 
questions: 

1. What proportion of patients discharged from hospital 
with (undiagnosed) acute abdominal pain has further symp- 
toms during the next 3 years? 

2. What proportion requires further ridus therapy? 

3. What diseases cause recurrent pam? 

4. Can farther pain be predicted accurately at initial hospital 
attendance? 

5. What clinical features at initial presentation predispose 
to ‘recurrent’ pain? 

In this ongomg study 372 unselected patients from Leeds 
General Infirmary and Airedale District General Hospital 
have so far been by personal and GP contact. Withm 
a year following discharge 41 of the 135 Arredale patients (30-4 
per cent) suffered further pam and 7 (5-2 percent) needed farther 
hospital admission. During 3 years over half of the 239 Leeds 
patients (56-9 per cent) expenenced further pain and 69 of the 
239 (28-9 per cent) were readmitted. 

Most causes of pam in young patients were minor, only 5 
of 372 (1:3 per cent) having subsequent proved appendicitis. 
In the elderly, however, over 10 per cent subsequently developed 
cancer. A computer program correctly identified 85 per cent of 
patients with recurrent peun on the bams of their initial presen- 
tation (though only 42 per cent of the cancer cases). ‘Recurrent’ 
abdominal pein is an important (and hitherto neglected) 
clinical problem: 1t can be predicted (at initial presentation) 
with some accuracy in the young but in the over 50s cancer Is 
an important cause, and this cannot yet be predicted. 


D. MCGEKHAN, A. G. RADCLIFFE and L. P. FIELDING, Academic 
Surgical Unit, St Mary's Hospital, London 


One problem in total parenteral nutrition, particularly in 
senously ill surgical patients, is the avoidance of wide fluctua- 
tions in blood glucose and consequent glycosuria. The difficulty 
with a conventional multi-bottle regimen is partly technical, 
particularly when a number of bottles of different substrate 
must be intercalated with water and electrolyte replacement 
for a high output fistula. In such circumstances reactive 
hypoglycaemia is not uncommon. 

We have compared episodes of glycosuria and insulm 
requirements of 14 patients on a former multi-bottle regimen 
(using mainly 20 per cent but sometimes 50 per cont glucose) 
with those seen in 10 patients treated by current practice in 
which all solutions except fat emulsion are mixed m a }-litre 
plastic beg. Glycosuria was sought routinely at approximately 
4—6-hourly intervals by ward testing with 'dextrostck' in all 
patients. With the large container there was a reduction in the 


number of days on which glycosuria was seen and of episodes 
within days by half, and an almost threefold reduction in 
insulin requirements. Reactive hypoglycaemua was not seen. 
We conclude that large contamer infusions are the method 
of choice for total parenteral nutrition. 


Regimen 
Factor Sequential 3-1 beg P 
Patients 14 10 
Total no. of days on which 108 127 
more than 100 g 
carbohydrate given 
No. of days without 29 65 POI" 
glycosuria 
Episodes of gtycosuria in 169/540 101/635 P0OI* 
total urme test 
Mean insulin requirement 0-068 0023 P 002** 
(Kg CHO/d) +0064 +0031 


* x5; ** Mann-Whitney U test. 


28. Blood flow into colorectal liver metastases 
L TAYLOR, R. BENNETT and 8. SHERIFF, Departments of Surgery 
and Naclear Medicine, University of Liverpool 


Post-mortem studies suggest that Iver metastases obtain their 
nutrition almost entirely from the hepatic artery (Breedis and 
Young, 1954); however, cytotoxic arterial perfusion and 
ligation has not proved entredy successful as a therapeutic 
regimen (Taylor, 1978). 

In this study we have made quantitative measurements of 
blood flow into colorectal liver metastases using xenon-133 
(Xe) clearance in patients with colorectal liver metastases 
undergoing cytotoxic perfusion. Measurements made at 
laparotomy by direct injection of 19 Xe into metastases gave a 
mean flow of 41-5.:22-5 mi mmn! 100 g^ (s.d). Following 
hepatic arterial occlusion perfusion decreased almost to zero. 

Dynamic blood flow studies using the gamma camera were 
performed in the postoperative peri! in 18 patients by 
administration of “Xe mto both hepatic arterial and portal 
venous catheters. The initial distribution images indicated a 
predominant arterial] perfusion to the metastases; however, 
following hepatic artery ligation, portal vein perfusion to the 
motastases was statistically significantly increased. 

Hence a compensatory haemodynamic mechanism exists 
which may account for the poor results of hepatic artery 
ligation and perfusion alone. If cytotoxic perfusion of colorectal 
liver metastases 1s contemplated, it would appear that hepatic 
artery ligation and perfusion should be combined with portal 
vein perfusion in order to diminish tumour growth more offect- 
ively. 

BRXEDIS C. and YOUNG G. (1954) Blood supply of neoplasms m 
the lrver. Am. J. Pathol. 30, 969—985. 

TAYLOR I. (1978) Cytotoxic perfusion for colorectal liver 
metastases. Br. J. Surg. 65, 109—114. 


29, Fibrinolytic activity in gastric juice 

T. EK. O'BRIEN, HELEN HADLEY and X. H, IRVING, Department of 
Sargery, Hope Hospital (University of Manchester School of 
Medicine), Salford 


The stomach has a considerable fibrinolytic capacity (O’Brien 
et al, 1978). Nilsson et ai. (1975) demonstrated fibrinolytic 
activity in the gastric juice of patients bleeding from erosive 
gastritis and postulated that this is of aetiological significance 
in these patients. 

Two studies were mounted to explore the significance of 
fibrinolytic activity in gastric juice, In the first study (study 1) 
gastric juice was obtained from patients with normal and 
diseased stomachs before and during operation. In the second 
study (study 2) a double blind croes-over investigation of the 
effect of aspirin and a placebo (lactose) was performed on 10 
healthy volunteers who underwent standard pentagastrin tests 
after the oral administration of 1-8 g of each of the agents. In 
both studies fibrinolytic activity was axsesaed by a fibrin plate 
technique using standard and heated plates and plates incor- 
poratmg EACA (Epsikapron) and aprotinin (Trasylol). 
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The results of study 1 showed that 15 per cent of preoperative 
samples from both normal and diseased stomachs showed pure 
activity and that 20 and 26 per cent of intraoperative samples 
in the normal and diseased group respectively showed pure 
activity. In study 2 aspirin proved to be an effective gastric 
irritant as evidenced by frank bloodstaining in 40 per cent of 
the pre-pentagastrin samples in the aspirin group compared 
with 4 per cent in the placebo group. Before pentagastrm 20 per 
cent (6/30) samples in the placebo group and 23 per cent (7/30) 
samples in the aspirin group showed pure activity. After 
pentugastrin 20 per cent (4/20) samples in the placebo group 
and 15 per cent (3/20) samples in the aspirin group showed 


pure activity. 
It is concluded that: 
1. Gastric juice in the absence of bleeding may show 
fibrinolytic activity. 
2. The stress of operation is not accompanied by a signifl- 
cant activation of fibrinolysis. 
3. Gastritis, as caused by aspirin, does notstimulate increased 
fibrninolytic activity in gastric Juice. 
NILSSON L M., BERGENTZ £ E, HEDNER V. ot al. (1975) Gastric 
fibrinolysis. Thromb. Diath. Haemorrkagica 34, 409—418. 
O'BRIEN T. E, HADLEY H. and IRVING M. H. (1978) What is the 
significance of gastric fibrinolysis? (In preparation.) 


30. Gastric and duodenal pH before and after & meal in normal 
subjects and patients with duodenal ulcer 

R. F. MCCLOY, G. R. GREENBERG, J. C. VICKERY and J. H. BARON, 
Departments of Surgery and Medicine, Royal Postgraduate 
Medical School, Hammersmith Hospital, and Engineering im 
Medicines Laboratory, Imperial College, London 


The response to a high protein meal was studied in 5 normal 
healthy subjects and m 8 patients with duodenal ulceration 
using 2 new method of accurately recording simultaneous 
gastric and duodenal pH with intraluminal electrodes. pH 
readings were logged every 10 s for 1 h before and 4 h after the 
meal and tho results analysed by computer. 

Normal subjects (N) and patients with a duodenal ulcer 
(DU) behaved similarly after a meal with significant roses in 
mean intragastric pH (N, 1:57» 2:54; DU, 1:77— 2-73) and falls 
in mean intraduodenal pH (N, 6-75-+6-09; DU, 6-49-»6 05). 
However, analysis of the proportion of ume over which mtra- 
duodenal pH was more acid than pH 4-0 demonstrated that 
patients with a duodenal ulcer had significantly more readings 
lower than pH 4-0 than controls, both during the half hour 
before and the 150 mm after a meal (overall: DU, 7-6 per cent, 
N, 4-5 per cent; P<0-0001). These increased penods of 
duodenal acidity were abolished by treatment with cimetidine. 

These results suggest that duodenal pH is normally main- 
tained near neutrality for all but brief periods of time but that 
m patients with duodenal ulcer this stability is altered with 
significantly more frequent periods of duodenal acidification. 


31. A new method of continnous 24 h recording and analysts of 
shumitaneocs gastric and duodenal intraluminal pH in man 

X. F. MCCLOY, J. C. VICKERY, T. V. MANJIL and J. H. HARON, 
Department of Surgery, Royal Postgradwate Medical School, 
Hammersmith Hospital, and Engineering in Medicine 
Laboratory, Imperial College, London 


Two minigture glass pH electrodes on 2-5 mm x3 m wires are 
strapped in tandem 12cm apart. A mercury balloon on & 
20-cm thread is ted to the distal electrode and positioned 
beyond the duodenojejunal flexure as a 'sheet-anchor' for the 
electrodes in the duodenal cap and the body of the stomach. 
The stability of the electrode poaltions is confirmed by X-rays 
at the start of the study and 24 h later. 

The electrodes are switched alternately, every 103, into a 
digital pH meter. The binary-coded digital data are logged 
by an electronic logic unit on to a punched paper tape at the 
bedside. The electrodes (linear response pH 1-9) are calibrated 
in standard buffers before and after the study. Every reading is 
corrected for differences from the pH standards and for pH 
drift between the two calibrations, providing an accuracy of 
up to 0-2 pH units (range 0- 1-0-3) over 24 h. Computer analysis 
of the corrected data (8640 readings/24 h) provides mean pH, 
mean Ht activity and the percentage of readmgs below any 


^ 


defined pH level, as well as an X-Y plot for any period of the 
This technique provides, for the first time, accurate and 


' reliable 24-b records of both gastric and duodenal pH during 


daily life, 
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©, LAWAETZ and RINETTE ANDREASEN (ML HOBSLEY), Institute for 


Experimental Research tn Surgery, Unlverszity of Copenhagen, 
Denmark 


Tt seems to be well established that sugars, fat and acids 
instilled into the duodenal lumen inhibit gastric emptying 
(Hunt, 1975). However, the nting of this braking mechanism 
in the duodenum rtself has never been proved. 

To identify the arte of the braking ‘receptors’ 62 gastre 
emptying studies were performed on 4 healthy conscious dogs 
during contmuous instillation of different fluid substances 
(distilled water, 20 per cent soya bean oi and 25 per cent 
glucose) separately into the duodenum and mto the small 
bowel. All the dogs were prepared with gastric, duodenal and 
jejunal fistulas. A simple isotope technique was used for 
continuous evaluation of the gastric emptying pattern and for 
determination of the half-time of emptying (T, min). Glucose 
and fat mtroduced into the stomach or into the duodenum did 
not inhibit aps emptying (distilled water, 7j<3 min; 
gincose and fat, T;-3 min). However, both fat and glucose 
1nstilied separately to the jejunum did inhibit gastric emptying 
(distilled water, T}<3 min; fat, T, 60 min; glucose, T, 
200 min). 

The results show that in dogs the braking ‘receptors’ lie in 
the small intestine, distal to the duodenojejunal junction, and 
that there is no braking mechanism in the duodenum. 


HUNT J. N. (1975) Interactions of the duodenal receptors which 


"^ control gastric emptying. Scand. J. Gastroenterol. 10, 
Suppl. 35, 9-21. 


33. Histamine receptors and gestric acid secretion 
D. C. CARTER and M. I. GROSSMAN, Clinical Surgery, Edinburgh 
University Medical School, and CURE, Los Angeles 


Dimaprit is a selective H,-receptor agonist with less than 
40001 per cent of the H,-receptor activity of histamine (Parsons 
et al, 1977). Experiments with dimapmt were undertaken to 
elucidate histamine's role in gastric secretion. 

Sm conscious cats with a gastric fistula had two teets with 
dimaprit (019-12 pmolkg“h-5, with histamme (0125-8 
pmol kg? h^) and with pentagastrin (0-7-83:2x 10 pmol 
kg h-). Dose-response curves were constructed by doubling 
the dose every 30 mm and mean H+ output in the final 20 min 
of each dose was taken as the response measure. Dimaprit and 
histamine were equipotent (potency ratio 0 99) on the basis of 
exogenous molar dose, but dimaprit gave greater mean 
maximal responso (80-7 + 9-9 s.c. mean mol/min) than histamine 
{668 +112 pmol/min; P<0-05). Combining histamine with 
the H,-entagonist mepyramme (lv. loading dose 4 mg/kg, 
infusion 2 mg kg-t h^!) increased the mean maximal response 
to histamine to a level (80-3-- 11-5 pmol/mm) equal to that of 
dimaprit (n.s.). The mean response to pentagastrin 
(76.8 3-5:6 umol/min) did not differ significantly from that to 
dimaprit or histamine and was not affected significantly by 
mepyramine (71:8 1-6 pmol/min). 

It r concluded that, in addition to stimulating H* secretion 
by acting on H,-receptors, histamine also acts on H,-receptors 
to inhibit secretion. The maximal response to pentagastrin 
«annot be enhanced by H,-receptor antagonists. 

PARSONS M. E, OWEN D. A. A4 GANELLIN C. R. ot al. (1977) 
Dimaprit —[S-34N, N-dimoethylamino)propyl]isothiouree 


—a highly specific histamine H,-receptor antagonst. 
Part 1. Pharmacology. Agents Actions 7, 31-37. 


34. Sthnniated gastric prostaglandin output and the effect of 
various secretory inhibitors in the comscions cat 

R. BAKER, B. M. JAFFE, J. D. RAED, B. SHAW and C. W. VENABLES, 
Departments of Surgery and Physiology, University of Newcastle 
upon Tyne, and Washington University, St Louis, Missouri 


Prostegiandin E (PGE) has been implicated in a physiological 
negative feedback mechanism for the control of gastric acid 
secretion, Gastric outputs of acid and PGE have been found to 
correlate during stimulation with pentegastrm, histamine and 
insulin (Baker et aL, 1978). To study fartber this relationship 
durmg stimulation with pentagastrin and histamine 3-hourly 
intravenous infusions of these agonists have been performed 
in 6 conscious cats with gastric fistulas with the addition to 
the mfusate, during the second hour only, of the inhibitors 
somatostatm and atropine. 

Cimetidme (2 mg kg ! h-1) inhibited by approximately 50 
per cent the acidi secreted in response to pentagastrin (B ug 
kg bh} and histamine (250 pg kg h ). In both cases 
inhibition of acid was accompanied by inhibition of PGE ott- 
put, but PGE concentrations during the period of inhibition 
were either unaltered or rased. Somatostatin (5 ug kg? h-*) 
produced approximately 70 per cent inhibition of penta gastrm- 
stimulated acid secretion, PGE output fell m parallel fashion 
but again PGE concentration was either unaltered or raised. 
A similar dose of somatostatin produced neither inhibition of 
histamme-strmulated acid secretion nor a reduction in the out- 
put of PGE. Atropine 100 ug kg! h- inhibited neither acid 
nor PGE output during stimulation with pentagastrin. 

These results suggest that the similar patterns of output of 
gastric acid and PGE are volume-related and do not support 
the hypothesis that gastric PGE has a regulatory rolo in the 
control of gastric secretion. 


BAKER R, JAFFE B. M., REED J. D. et al. (1978) Endogenous 
prostaglandms and gastric secretion in the cat. J. Physiol. 
278, 451-460, 


Department of Surgery, Royal Victoria Infirmary, Newcastle 
upon Tyne 
In a retrospective study of patients 15—20 years after vagotomy 


cent of patients with a haemoglobin under 11:5 g/dl. 

As e result of these findings a regular review clinic for 
patents who had undergone gastric surgery was set up in 
1968. Patients were reviewed in this clinic as far as possible at 
1, 2, 5, 8 and 10 yoars after operation. Standard documentation 
was used for cech review and blood was taken for FBC, 
serum iron, iron binding or transferrin, calcrum, alkaiine 
phosphatase and serum proteins. To date 536 malo patients 
who have undergone truncal vagotomy and pyloroplasty have 
been reviewed in this clinic. 

This paper presents an analysis of the haematological and 
biochemical trends that have occurred m those patlents (ree 
Table). 


Fe Ca 
(umol/D (umol/T) 
18-4 237 
18-2 2:38 
18:5 2:38 
5yr 189 14-2 17:9 2:38 

10 yr 38 14-4 20-7 2:39 


Alk. phos, Alkaline phosphatase. 


Alk. phos. 
(Lu./T) 
47-2 
51-5 


Hb 
(g/d 
14-8 
144 
14-8 


Time No. 


Preop. 536 
lyr 321 
2yr 339 


Between 7 and 11 per cent of patients have been anaemic at 
one period of follow-up, but rf these patients are excluded there 
to develop anaemia 


trend appears to be a rising serum alkaline phosphatase level 


with time. 


WHELDON E. J., VENABLES C. W. and JOHNSTON L D. A. (1970) 
Late metabolic sequelae of vagotomy and gastroentero- 
stomy. Lancet 1, 437—440. 


36. Do both forward and backward electrical pacing enhance 
absorption from a jejunal segment? 

J. COLLIN, K. A. KELLY and s. F. PHILLIPS (I. D. A. JOHNSTON), 
Departments of Surgery and Gastroenterology, Mayo Clinic, 
Rochester, Minnesota, and University Department of Surgery, 
Royal Victoria Infirmary, Newcastle upon Tyne 


In 4 dogs a 75-cm segment of jejunum was isolated from the 
intestinal stream. Stimulating electrodes were implanted at 
each end of the segment and recording electrodes at intervals 
between. The two ends of the segment were fashioned as 
stomas on the anterior abdominal wall. After recovery an 
infusion of 100 mw glucose and 90 mmol/l NaCl with ^C 
PEG was commenced into the proximal stoma at 2-9 ml/min 
and the electrical activity of the segment recorded. Effluent 
from the distal stoma was collected in 5-min aliquots for three 
consecutive 30-min periods, In the second period, electrical 
stimuli (frequency 16/min, duration 50 ms, amplitude 4 mA) 
were given via either the proximal or the distal bipolar elec- 
trodes to entrain pace-setter potentials (hence, contractions). 
Both forward and backward pacing increased absorption of 
water, glucose and sodium from the jejunal segment, but the 
enhancement was significantly greater with backward pacing. 





Jejunal Forward pacing Backward pacing 
output 1 2 3 4 
Water 7440-4 6040-5 8:4-04 33405 
(ml/5 min) 
Glucose 5603 48404 E5404 244035 
(mol/5 min) 
Sodium 0-74:-0-04 0-584004 0824006 0344+005 
(mol/5min) 


Values are mean -+ s.e, mean (24 experiments on 4 days). 

1, Before; 2, during; 3, before; 4, during. 

P: Water: 1 eo. 2, «0:01; 2 c, 4, «0:001; 3 v. 4, 0-001. 
Glucose: 1 v. 2, «0-02; 2 v. 4, «0-01; 3 v. 4, «0:001. Sodium: 
1 o. 2, «0:01; 20. 4, 4:001; 3r. 4, 0-001. 


We conclude that pacing a segment of jejunum backwards 
produces a greater increase in absorption than pacing it 
forwards, a finding which has therapeutic implications in 
patients with short bowel syndrome. 


37. The in vitro enhancement of lymphocyte stimulation by 
aprotinin in normal and cancer subjects 

J. G. FREEMAN, A. L. LATNER, B. K. SHENTON, G. A. TURNER and 
C. W. VENABLES, Departments of Surgery and Clinical Bio- 
chemistry, Royal Victoria Infirmary, Newcastle upon Tyne 


Aprotinin (TrasyloD, a proteinase inhibitor, was shown to 
have anti-tumour effect in animals (Latner et al., 1974) and to 
alter immunological resistance in tumeur-bearing animals 
(Latner and Turner, 1976). More recently aprotinin has been 
shown to increase the inhibition produced by tuberculin 
extract (PPD) in the leucocyte migration test (Burden et al., 
1978). 

We report the effect of in vitro aprotinin upon peripheral 
lymphocyte stimulation in 9 controls (healthy and hospitalized) 
and cancer subjects (operable [9] and inoperable [9] carcinomas 
of stomach). PPD-induced lymphocyte stimulation and the 
effect of aprotinin upon it were measured by the tanned 
erythrocyte electrophoretic mobility test (Shenton et al., 1977). 

Aprotinin significantly enhanced the stimulation of peri- 
pheral lymphocytes in both controls and cancer subjects (mean 
percentage rise in stimulation: controls, 41-2:: 18:4; operable, 
65-6--27.8; inoperable, 88:4.-28-1). The stimulation was 
significantly greater in the cancer subjects than the controls 
(controls v. all cancer patients, P «0-01; controls v. inoperable 
group P<0-05; controls v. operable group, P<0-01). The 
results show that aprotinin potentiates lymphocyte stimulation 
and thus may have a role in cancer immunotherapy. 


BURDEN A. L., STACEY R. L., WOOD R. F. M. et al. (1978) The 
effect of protease inhibitors on leucocyte migration 
inhibition to tuberculin extract. Immunology 34, 217-221. 

LATNER A. L., LONGSTAFF E. and TURNER G. A. (1974) Anti- 
tumour activity of aprotinin. Br. J. Cancer 30, 60-67. 
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LATNER A. L. and TURNER G. A. (1976) Effect of aprotinin on 
immunological resistance in tumour bearing animals. 
Br. J. Cancer 33, 535-538. 

SHENTON B. K., JESSEN H. L., WERNER H. et al. (1977) A com- 
parison of the kinetics of the macrophage electrophoretic 
mobility and the tanned sheep erythrocyte electrophoretic 
mobility tests. J. Immunol. Methods 14, 123-139. 


38. Plasma CEA in patients with colorectal cancer receiving 
adjuvant chemotherapy 

J. O. LAWTON, E. H. COOPER and G. R. GILES, University Depart- 
ment of Surgery, St James’ University Hospital, Leeds, and 
Department of Cancer Research, University of Leeds 


Plasma CEA has been measured serially in a number of patients 
participating in a randomized trial of adjuvant chemotherapy 
(methyl-CCNU and 5-fluorouracil every 2 months until clinicai 
recurrence) following incomplete resection of colorectal cancer. 
In this study we looked at the influence of chemotherapy on 
the evolution of plasma CEA levels and its relation to clinical 
recurrence within 12 months in 13 patients under observation 
and in 27 patients receiving chemotherapy. 

In those patients showing recurrence within 12 months the 
plasma CEA level is seen to rise faster in the non-treated 
patients than in the treated group, and is associated with an 
earlier time of recurrence. The difference in CEA level at 4 
months is significant at the 1 per cent level. Patients without 
clinical recurrence have CEA levels within the normal range 
until 9 months, when the level in the non-treated patients 
became elevated. 


Mean log CEA 
3 4 6 8 9 12 


Group mth mth mth mth mth mth 
Recurrence within 
12 mth* 

Observed (n = 7) p76 222 260 2:59 — — 

Treated (n = 14) 133 145 172 192  — — 
No recurrence 

Observed (n — 6) 13 -— 13 -— r6] 175 

Treated (n= 13) 1-14 -— 1-25 — 916 123 


Upper limit of normal CEA = 30 ug/l or log 1:48. 
* Deaths in recurrence group: Observed, 7; treated 6. 


The study appears to show that plasma CEA is suppressed 
by chemotherapy and that this trend may be seen in patients 
with or without evidence of clinical recurrence during the first 
12 months. This may be evidence that the tumour burden is 
reduced by adjuvant chemotherapy. 


39. The effect of adjuvant chemotherapy on general immune 
competence in breast cancer 

J. HILLYARD and M. J. B. CHARE (L. E. HUGHES), University Depart- 
ment of Surgery, Welsh National School of Medicine 


A potential disadvantage of adjuvant chemotherapy is immuno- 
suppression. While some data are available regarding effects of 
drugs used in advanced tumours, there is little information 
regarding standard clinical regimens in patients with earlier 
disease. 

We have assessed immune competence in patients entered 
into two randomized controlled trials: the multicentre ‘King’s 
College’ trial in clinicopathological stage II breast carcinoma 
(oral melphalan 10 mg for 5 days and methrotrexate 15 mg on 
the first day every 6 weeks for 2 years) and a trial in operable 
stage IH disease which employs a more intense regimen of 
intravenous cyclophosphamide 750 mg, 5-fluorouracil 750 mg 
and vincristine 2 mg every 4 weeks for 1 year. 

The tests performed before opération and at 3-monthly 
intervals postoperatively were white cell count, lymphocyte 
percentage, T cell percentage, mixed lymphocyte culture and 
delayed hypersensitivity skin reactions to dinitrochlorobenzene 
and Varidase. 

Fifteen chemotherapy patients and 13 control patients have 
been tested for periods of up to 2 years. The only significant 
change caused by the chemotherapy was leucopenia—mean 
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treated white cell count 50x 10?/1, mean control white cell 
count 6°8 + 10°/1 (P<0-05). 

It is concluded that adjuvant chemotherapy given in this 
cyclical manner does not significantly depress general immune 
competenre as measured by a standard spectrum of tests. 


40, Oestradiol receptor in primary breast cancer: an independent 
prognostic factor 

R. W. BLAMEY, P. V. MAYNARD, C. J. DAVIES, C. W. ELSON, JANE 
JOHNSTON, K. GRIFFITHS and H. BISHOP, Nottingham City 
Hospital and Tenovus Institute for Cancer Research 


An earlier piece of work has established that in primary breast 
cancer oestradiol receptor is usually present in the better 
differentiated tumours and is absent from the poorly differ- 
entiated ones. This has been established in postmenopausal 
tumours, oestradiol receptor analysis apparently being 
unreliable in premenopausal women. 

The effect on prognosis has been evaluated by constructing 
life table curves in 169 postmenopausal women. There is a 
significant difference in terms of freedom from clinical 
metastases—-oestradiol-receptor-containing tumours having a 
better course (P<. 0-05, log rank test). 

There is no correlation between either tumour stage or size 
(proved prognostic indicators in this series) and oestradiol 
receptor status. 

À combination of tumour stage and oestradiol receptor 
status appears to differentiate tumours by prognosis extremely 
well. For example, for stage Coestradiol-receptor-negative 
tumours the life table curves show 0 per cent to be clinically 
disease-free at 24 months as against 40 per cent in stage 
Coestradiol-receptor-positive tumours (P« 0-01). 

Oestradiol receptor status is a prognostic factor independent 
of stage and size. It may be considered to modify tumour 
grade by picking out those tumours with normally functioning 
cells. 


41. Metabolic changes following the intravenous infusion of 
Corynebacterium parvum 

G. ROYLE, P. G. GILL and M. KETTLEWELL, Nuffield Department of 
Surgery, University of Oxford, Radcliffe Infirmary, Oxford 


Table I: LIVER FUNCTION TESTS (n= 9) 


After 
Before C. parvum 

C. parvum (24 h) 
Urea (mmol/l) 4.8416 7T.2-4-24** 
Bilirubin (umol/l) 10-0-- 1-0 17-0:-2-0*** 
Albumin (g/l) 4Ll:4--07 39-04-0-7*** 
Cholesterol (mmoi/l) 5-8 4-0-3 5-240-3*** 
Alkaline phosphatase (1.u./1) 56:0--9-0 $2-0 + 12-0 
GOT (i.u./D) 32-0-- 3-0 38-0420 


All values are mean + s.e. mean. 
* P005; ** P<0-02; *** P—(0-01 compared with basal. 


Table H: BLOOD METABOLITE CONCENTRATIONS 
{n = 9) 


G L A K 
(mmol/l) (mmol/l) (mmol/l) (mmol/l) 
Basal 5-15 0:76 0:29 0-19 
4021 +05 -0:02 4-004 
ih 4-76 0-62 0-26 0:22 
+ 21-O*** 3-0-05** -+- 0-02 * ** + 0-05 * ** 
2h 4-53 0-81 0-26 0-26 
4-0-16*** -+005 2-0-03 4-0-05*** 
+3h 484 1:05 0:26 0:40 
4016 -8-13 -4-0-03 4-0-08*** 
+4h 5-68 ]-3] 0-2 0-56 
0-48 +- [54 * 4- 0-03 +O-17*** 
+Sh 5.69 0-98 0:19 0-48 


+0-28** +007 


G, Glucose; L, lactate; A, alanine; K, ketones. 
Values are mean -- s.e. mean. 
* P<0-05; ** P-0-02; *** P<0-01 compared with basal. 


Reports of the metabolic response to clinical sepsis may be 
conflicting because of the variable nature of the infection as 
well as the timing of its study (Beisel, 1972). It is not ethical to 
cause experimental bacterial infection in man and there are 
few studies of the effects of infused bacterial toxins. We have 
therefore studied metabolic changes in patients following an 
intravenous infusion of Corynebacterium parvum. These killed 
bacteria are being used in a controlled clinical trial of adjuvant 
immunotherapy in the management of colorectal cancer. The 
infusion of C. parvum produces a toxic reaction (Gill et al, 
1977) similar to that of a clinical bacteraemia. 

There was a significant rise in plasma urea and bilirubin 
concentrations 24 h after C. parvum infusion but there was a 
fall in albumin and cholesterol concentrations. Blood glucose 
and lactate concentrations initially fell but this was followed 
by a rise associated with increases in body temperature and 
pulse rate. In contrast, blood alanine concentrations pro- 
gressively fell while ketone concentrations increased. We 
conclude that the changes in ketone and alanine concentrations 
are due to fasting but that the changes in glucose, lactate, urea 
and liver function tests are due to the toxaemia. 


BEISEL W. R. (1972) Interrelated changes in host metabolism 
during generalized infectious illness. Am. J. Clin. Nutr. 25, 
1254-1260. 

GILL P. G., MORRIS P. J. and KETTLEWELL M. (1977) The compli- 
cations of intravenous Corynebacterium parvum infusion. 
Clin, Exp. Immunol. 30, 229-232. 


42. Renal graft survival in dogs after host preimmunization and 
donor pretreatment 

C. J. V. D. LINDEN, W. A. BUURMAN, A. S. FABRICANT and J. 
JEEKEL, Surgical Unit, State University Limburg, St Annadal 
Hospital, Maastricht 


It has been established that preimmunization with multiple 
blood transfusions improves renal graft survival. We found 
that renal allograft survival was also significantly prolonged 
in dogs preimmunized with third-party spleen cells (95 per cent 
blood). Attempting to increase the graft survival of these dogs, 
we combined the preimmunization with donor pretreatment 
(lethal doses of procarbazine and methylprednisolone). 

Third-party spleen cells were given intravenously from non- 
related breeds to mongrel dogs on day —14 (6-5 x 10" total 
cells/Kkg). Donor pretreatment consisted of procarbazine 50 
mg/kg and methylprednisolone 50 mg/kg i.v. given 5 and 24 h 
respectively before transplantation. Grafts were transplanted 
in the right hypogastrium and bilateral nephrectomy was done, 
Postoperative low dose immunosuppression with prednisone 
and azathioprine (2 mg/kg) was given every other day to all 
recipients, The MLC test was performed. 


No. of dogs Survival (d) 
Control 6 12-0 (6-15) 
Donor pretreatment 5 29-6 (13-55) 
Spleen 5 20-4 (14—35) 
Combination 6 13-5 (8-18) 





Spleen preimmunization and donor pretreatment indi- 
vidually prolonged graft survival. The combination of both 
treatments abolished the beneficial effect of each specific 
treatment, It has been postulated that suppressor T cells are 
responsible for prolonged survival after host preimmunization. 
Passenger leucocytes may stimulate these suppressor T cells 
and this could be prevented by donor pretreatment. The 
combination of both treatments could lead to a reduction in 
the beneficial effect of preimmunization and would leave the 
negative effect of presensitization. This finding may be relevant 
clinically for blood transfusion patients who are to receive pre- 
treated grafts and for further studies on the mechanism of the 
effect of preimmunization. 


43. The immune response of T cell depleted rats to organ 
allografts 

I. MACLENNAN and N, L. TILNEY (I. E. GILLESPIE), Surgical 
Research Laboratories, Harvard Medical School, Boston 





T-cell-depleted rats were produced by reconstituting thymec- 
tomized and irradiated animals (800 rad) with 10° bone- 
marrow cells from isologous thymectomized and thoracic- 
duct-drained LEW donors. Compared with normal hosts, these 
rats had significantly reduced 0 (T) and immunoglobulin- 
positive (B) lymphocytes and increased null cells in blood and 
thoracic duct lymph. LBN F1 cardiac allografts are rejected 
by unmodified rats in 7 days; they survive indefinitely (> 100 
days) in T-cell-depleted recipients (P 0-001). Grafts cause 
lymphocytic proliferation in the white pulp of unmodified host 
spleens and in the red pulp of T-cell-depleted spleens. Infiltra- 
ting lymphocytes harvested from grafts in T-cell-depleted hosts 
were not cytotoxic against *!Cr-labelled BN thymocytes (LMC 
5 per cent at 6, 15 and 50 days); cells infiltrating rejecting grafts 
in normal rats were cytotoxic (approximately 40 per cent at 
6 days, P<0-001). T-cell-depleted recipients mounted an 
intense early antibody response to allografts (CDC titre at 
4 days = 1:128) while unmodified rats showed a weak and 
delayed response (1 : 32 at 8 days). No active inhibition of 
graft rejection was noted in T-cell-depleted recipients; graft 
survival was not prolonged following transfer of T-cell- 
depleted sera or cells to isologous unmodified hosts. Transfer 
of normal lymphocytes reinstituted acute allograft rejection 
(7-10 days) in T-cell-depleted animals. Multiple aspects of 
allograft rejection are regulated by T cells. 


44. Optimum perfusate pH for 5- and 7-day canine kidney 
preservation 

G. Le COHEN and R, W. G. JOHNSON, Department of Surgery, 
Manchester Royal Infirmary 


It is well recognized that prolonged ex vive storage of the 
kidney involves finding optima for a large number of physical 
and chemical variables. In this study we report the effect of 
variations in perfusate pH on the viability of canine kidneys 
stored for 5 and 7 days by continuous hypothermic perfusion 
with a PPF (plasma protein fraction)-based perfusate. 

Eighteen kidneys were perfused for 5 days and 4 kidneys for 
7 days before autotransplantation and immediate contralateral 
nephrectomy. Perfusate pH tended to rise during perfusion 
despite adjustments to the bicarbonate/CO, buffer. 

Group A: In 14 5-day kidneys and in 3 7-day kidneys the 
pH remained between 7:28 and 7-46 (measured at 8 ^C) during 
perfusion. Ten of the 5-day and all 3 of the 7-day stored 
kidneys functioned immediately. 

Group B: in 4 5-day kidneys and in 1 7-day kidney the pH 
rose to between 7-48 and 7-52 for varying periods during 
perfusion. None of these dogs survived. 

The difference in mortality between groups A and B is 
significant by Fisher's exact probability test (P « 0:005). 

These results show that 7-day storage of canine kidneys is 
possible with a PPF-based perfusate and suggest that main- 
tenance of perfusate pH at between 7-3 and 7-46 (a£ 8 °C) is an 
essential component of the preservation system. 


45. Immunoreactive gastrin secretion and gastrin cell studies in 
the isolated human antrum 

A. R. ASKEW, B. J. GRANT, A. I. VINIK and J, TERBLANCHE, 
Departments of Surgery and Endocrinology, Groote Schuur 
Hospital, Cape Town 


It has been suggested that a direct relationship exists between 
gastrin cell numbers and gastrin release (McGuigan, 1968) 
and that gastrin (G) cell hyperplasia is important in the clinical 
‘situation (Polak et al., 1972). 

The relationship between tissue gastrin levels, G cell 
numbers and secretion of immunoreactive gastrin (IRG) was 
studied in paired experiments using orientated strips of human 
antral mucosa perfused in vitro. One strip of mucosa in each 
experiment was stimulated on the serosal surface with 5:504 X 
10-72 m acetylcholine. Total gastrin release was compared 


Stimulated Unstimulated 


"Total IRG secretion (fmol/min) 417441657 2734-130 
Tissue gastrins (ng/l protein) 4-90 4- 0-81 1-83 -- 0:54 
S cell count 17--4.4 24--7-0 


Data from 6 experiments: mean --s.e, mean, 
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with tissue gastrin levels and G cell counts estimated by 
indirect immunofluorescence. 

There was no correlation between the total volume of IRG 
secreted by the tissue and the tissue gastrin levels, nor between 
these parameters and the visible immunofluorescence of the 
gastrin cells. j 

We conclude that tissue gastrin levels and G cell counts 
bear no relationship to the abilitv of the in vitro human antral 
mucosa to secrete gastrin, and we suggest that immunocyto- 
chemical estimation of G cell populations has little relevance in 
the investigation of the gastrin-induced acid secretory response. 


MCGUIGAN J, E, (1968) Immunochemical studies with synthetic 
human gastrin. Gastroenterology 54, 1005-1011. . 
POLAK J. M., STAGG B, and PEARSE A. G. E. (1972) Two types of 

Zollinger-Ellison syndrome. Gut 13, 501-512. 


46. The bioactivity of different gastrin molecules assessed using 
a cytochemical section bioassay 

A. R. ASKEW, B. J. NAPIER, A. I. VINIK and J. TERBLANCHE, 
Departments of Surgery and Endocrinology, Groote Schuur 
Hospital, Cape Town 


The different molecular forms of gastrin appear to be quanti- 
tatively different in their actions on the gastric parietal cells 
(Walsh et al., 1974). The various forms may be important in 
the peptic ulcer diathesis, Radioimmunoassay does not 
measure the biological activity of gastrin, but a sensitive 
bioassay has been described using tissue segments (Loveridge 
et al, 1974) and also tissue sections (Hoile and Loveridge, 
1977). 

The cytochemical bioassay is based on the gastrin-induced 
response of carbonic anhydrase in the parietal celis of the 
guinea-pig fundus, and we have developed a bioassay where 
24 slides are simultaneously assayed to compare the bio- 
activity of G-13, G-17 and G-34. The bioactivity of each 
gastrin molecule was assessed by plotting the mean integrated 
density of the carbonic anhydrase response against the gastrin 
concentration (5-0-0-005 ng/l). 

We have found a linear dose-related acid response by 
guinea-pig parietal cells to G-13 and G-17. Using this bio- 
assay the acid responses to G-13 and G-17 were not signifi- 
cantly different, but there was no apparent acid secretory 
response to G-34. 


Gastrin molecule Regression equation r 
G-13 Y = 0-68693x-- 7.53738 0-97 
G-17 Y= 0077530x 4-8:14964 0-95 
G-34 Y= —0:07625x4-12-18232 —0-16 


These data indicate that gastrin results must be fully 
characterized before their biological significance can be 
interpreted. 


HOILE R. W. and LOVERIDGE N. (1977) Early results from the 
cytochemical section bioassay for gastrin. Br. J. Surg. 64, 
293. 

LOVERIDGE N., BLOOM S. R., WELBOURN R. B. et al. (1974) 
Quantitative cytochemical estimation of the effect of 
pentagastrin (0-005-5 ng/l) and of plasma gastrin on the 
guinea-pig fundus in vitro. Clin. Endocrinol. 3, 389-396. 

WALSH J. H., DEBAS H. T. and GROSSMAN M. L (1974) Pure human 
big gastrin; immunochemical properties, disappearance 
half time and acid stimulating action in dogs. J. Clin. 
Invest. 54, 477—485. 


47. Interrelations between gastric emptying and gastrin output 
before and after proximal gastric vagotomy and truncal 
vagotomy with antrectomy 

I. A. DONOVAN, CAROLINE OWENS, B. G. CLENDINNEN, D. W. 
GRIFFIN, L. K. HARDING and J. ALEXANDER-WILLIAMS, General 
Hospital, Birmingham, Dudley Road Hospital, Birmingham, and 
Royal Infirmary, Bristol. 


In a prospective randomized trial of proximal gastric vagotomy 
(PGV) and truncal vagotomy with antrectomy (TVA) 21 
patients with uncomplicated duodenal ulceration were studied 
before and 3 months after operation. Basal and peak acid out- 
put, gastric emptying of a solid and of a liquid meat-extract 
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meal and gastrin levels in the fasting state and in response to 
both meals were measured. 

"Compared with preoperative levels PGV significantly 
increased fasting and peak gastrin, and the integrated gastrin 
output to both meals (P « 0-02). TVA had no significant effect 
on basal or peak gastrin but significantly reduced the integrated 
gastrin output (P« 0-05). Neither PGV nor TVA significantly 
altered the T, of the liquid meal but both operations signifi- 
cantly prolonged the 745 of the solid meal (P « 0-01). 

in preoperative patients prolonged solid meal Tjs were 
associated with higher integrated gastrin outputs; after TVA 
no relationship was demonstrable but after PGV the longest 
Ts were associated with the lowest integrated gastrin outputs 
and the lowest acid outputs. The decline in stimulated gastrin 
output was slow after PGV with a late rise in 4 of 10 patients. 
These findings suggest continued stimulation of antral gastrin 
release after PGV unrelated to delayed gastric emptying and 
therefore presumably due to failure of an inhibitory mech- 
anism in the denervated gastric fundus and body. 


48. The use of selective prophylactic antibiotics in reducing 
wound sepsis after gastric surgery 

D. GATEHOUSE, D. W. BURDON, M. R, B. KEIGHLEY and J. 
ALEXANDER-WILLIAMS, Department of Surgery, General Hospital, 
Birmingham 


Wound sepsis after gastric operations may be associated with 
the presence of micro-organisms in the stomach at operation 
(endogenous microflora) (Nichols et al, 1975). We have 
studied the relationship between gastric microflora and wound 
sepsis after gastric surgery as well as the effect of selective 
prophylactic antibiotic cover on the incidence of wound sepsis 
in two sequential groups of patients undergoing elective gastric 
operations. Group A (a= 73) received no antibiotic cover 
whilst group B (1 = 56) received selective antibiotics based on 
the results of preoperative (endoscopic) culture of the gastric 
aspirate. 

There was correlation between the microbiology of gastric 
aspirates obtained at endoscopy and samples aspirated at 
operation (n — 78) for total viable counts (r= 0°83, P 0-001) 
and for individual organisms. In group A wound sepsis was 
related to the presence of more than 10* organisms/l in the 
gastric aspirate at preoperative endoscopy (P« 0-001). 

In group B only patients with more than 10° organisms/l in 
the gastric aspirate (= 15) received selective prophylactic 
antibiotics. There was a significant reduction in wound sepsis 
in patients receiving antibiotics (P< 0-001) due to the abolition 
of sepsis from endogenous microflora. 


Organisms/l 


Organismsii — —  — 4. nn nt 
> 10° 16 154 15 yb 
< 10° 57 ge 41 4d 


a v. b, P<0-001; c v. d, n.s.; a v. C, P« 0-001; b v. d, n.s. 


The results show that preoperative culture of gastric aspirate 
provides a reliable method of defining patients at risk of 
developing wound sepsis after gastric operations and has 
defined an effective method of selective antibiotic cover. 


NICHOLS R. L., MILLER B. and SMITH J. W. (1975) Septic complica- 
tions following gastric surgery: relationship to the endo- 
genous gastric microflora. Surg. Clin. North Am. 55, 1367~ 
1372, 


49. The nature of variation in lower oesophageal high pressure 
zone pressure with time 

jJ. CLARK, A. W. HALL, J. D. CANNON, B. FABRI and A. CUSCHIERI, 
Department of Surgery, Upiversity of Dundee 


Great variation in lower oesophageal high pressure zone 
pressure (HPZP) has been reported (Clark et al., 1978); the 
nature of this variation is now examined. Three subjects were 
each submitted to 50 triple-lumen perfused catheter slow 
pullthrough manometric studies of the lower oesophagus spread 
over 3, 4 and 5 days respectively. The recordings were 
randomized and analysed blind. 


HPZP (mmHg, mean s.d.) variations between means for 
each day were as follows: Case 1's mean HPZP on the first day 
was 19-2-L- 5-2 and rose by 44 per cent and 30 per cent on days 
2 and 3 (P 0-001). Case 2s HPZP on day 1 was 22-3 -4-5-8 and 
rose by 28 per cent on day 3 (P 0-001); HPZP was unchanged 
on days 2 and 4. Case 3's HPZP on day 1 was 26-8 -+9-5, rising 
by 31 per cent on the second day (P 0-05) and by 43 per cent 
and 38 per cent on days 3 and 4 (P 0-001). 

Within each day great variation occurred, peaking at $I- 
21 min from the start to 164 per cent (range 114—241 per cent) 
of the first HPZP of the day. In two sessions in each subject 
highly significant linear correlations with time (min) were 
found over the first 45 min (slopes 0-27, 0-28, 0-14, —0-2, 0-5, 
0-7, and r? 0-66, 0-52, 0-50, 0-76, 0-62, 0-69 respectively). There 
was no correlation in the other five sessions. 

It is concluded that increases in HPZP during a test sequence 
(drug dosage or surgical manipulation) need careful interpreta- 
tion because spontaneous increases frequently occur. 


CLARK J., HALL A. W., CANNON J. D. et al. (1978) Lower oeso- 
phageal high pressure zone: variability in recordings of 
pressure and length. Br. J. Surg. 65, 367-368. 


50. Prophylaxis against sepsis following large bowel surgery 
G. PROUD, J. CHAMBERLAIN, H, INGHAM, A. H. PETTY, J B. 
SELKON, C. W, VENABLES and R. G. WILSON, Department of 
Surgery, Newcastle General Hospital, Newcastle upon Tyne 


Metronidazole and kanamycin have been advocated as 
prophylaxis against sepsis occurring after elective colonic 
surgery (Goldring et al., 1975), though mechanical cleaning of 
bowel alone has also been recommended. A prospective, double 
blind trial was developed to evaluate metronidazole and 
kanamycin in 67 patients undergoing elective large bowel 
surgery. 

The surgical groups were: A, right colon resection (to splenic 
flexure); B, left colon resection; C, abdominoperineal resection. 

Patients with ulcerative colitis or Crohn's disease were 
excluded. All patients received metronidazole, 400 mg 6-hourly, 
and kanamycin, 1 g 6-hourly, orally for 3 days up to the time 
of surgery or the identical placebo equivalent in one of the 
following combinations: metronidazole and kanamycin (M K); 
metronidazole and kanamycin placebo (MP); metronidazole 
placebo and kanamycin placebo (PP). 

All patients received the same mechanical bowel preparation. 
The incidence of postoperative sepsis was as shown below. 


MK MP PP 
Group ES — T — +- -— 
A (n= 20) s 9 se 6 = 5 
B (n= 25) 2 6 3 5 5 4 
C (n= 22) l 6 2 3 6 4 
Total 3 21 5 14 1i 13 


--, Sepsis; —, no sepsis. 


Sepsis was significantly reduced by MK compared with PP 
when all surgical groups were considered together (Fisher's 
exact test, P<0-025), which confirms Goldring's work. No 
patient in group A developed sepsis. When group A was 
excluded the significance was reduced (groups B and C, MK r. 
PP, P<0-05). There was no difference between MK and MP. 
No anaerobic sepsis occurred following metronidazole therapy. 

Future protocols of antibiotic trials in the prophylaxis of 
postoperative sepsis after colonic surgery should take account 
of the reduced susceptibility to infection following surgery 
involving the right colon. 


GOLDRING J., SCOTT A., MCNAUGHT A. et al. (1975) Prophylactic 
oral antimicrobial agents in elective colonic surgery. 
Lancet 2, 997-999, 


51. Mechanism of stimulation of gastric secretion by topical and 
parenteral amino acids 

D. C. CARTER and M. I. GROSSMAN, Clinical Surgery, Edinburgh 
University Medical School, and CURE, Los Angeles 


Both parenteral and topical amino acids increase gastric H* 
secretion. (Isenberg and Maxwell, 1977) although the 
mechanisms mediating secretion are uncertain. 

Amino acid mixture (8-5 per cent Freamine H) was infused 
intravenously at 6:8 g/h in 8 dogs with a gastric fistula and a 
vagally innervated (3 dogs) or denervated pouch (5 dogs). 
Mean acid output from the fistula (umol/30 min) increased 
from basal values (330-8 1- 99-5) to a maximum of 5473 4 1469 
after 120 min of infusion and this highly significant increase 
(P« 0-001) was maintained for the remainder of a 4-h test. In 
repeat studies, intravenous cimetidine (15 mg/kg bolus; 5 mg 
kg"! h- infusion) virtually abolished H* secretion (highest 
mean  30-min  output-- 64.5.-48-5, P0001) Topical 
Freamine also stimulated secretion as measured by intragastric 
titration at pH 9 and the mean 10-min output from vagally 
innervated (394-7 2- 73-6) or denervated pouches (357-1-:- 12-0) 
did not differ significantly from that observed when Freamine 
was given concurrently with intravenous cimetidine (376-3 +- 
23-0 in innervated pouch, 345-3--17-5 in denervated pouch). 
Secretion induced by topical Freamine was also found to be 
resistant to blockade by atropine (100 ug/kg). 

It is concluded that parenteral amino acids stimulate Ht 
secretion by a mechanism susceptible to histamine H,-receptor 
blockade, whereas secretion induced by topical amino acids 
cannot be blocked in this way. 


ISENBERG J. I. and MAXWELL V. (1977) Intravenous infusion of 
amino acids stimulates gastric acid secretion in man. 
Gastroenterology 72, A51/1074. 


52. Serial measurement of liver blood flow in conscious rats with 
obstructive jaundice 

D. R. HUNT, SYLVIA RYAN, R. WRIGHT and L. H. BLUMGART, 
University Department of Surgery, Royal Infirmary, Glasgow 


The systemic changes observed in patients with obstructive 
jaundice cannot be explained solely by failure of excretory 
function. There is depression of synthetic function and of 
reticuloendothelial activity in the liver as well as remote effects 
on coagulation and renal function. Because of methodological 
problems with earlier attempts to measure liver blood flow 
we have used a proved technique to determine liver blood flow 
before and after ligation of the common bile duct to determine 
whether relative hepatic ischaemia could be a factor in these 
systemic changes. 

A new method for repeated measurement of liver blood flow 
has been developed. Through an indwelling Silastic cannula 
in the right gastric vein repeated measurements of liver blood 
flow in the conscious rat over a 3-week period can be made 
using a xenon clearance technique (Mackenzie et al., 1976). 

Compared with measurements made before common bile 
duct ligation, liver blood flow shows a progressive reduction 
which is evident after 3 days when the mean blood flow was 
only 54 per cent of control values. The mechanism for the 
reduction in flow is uncertain but there was no reduction in 
flow evident before 36 h after ligation. Although there were 
minor changes in rats with a sham common bile duct ligation, 
there was no significant reduction in flow. 


MACKENZIE R. 1, LEIBERMAN D, P., MATHIE R. T. et al. (1976) 
Liver blood flow measurement: the interpretation of 
xenon-133 clearance curves. Acta Chir. Scand. 142, 
519—525. 


53. Is there a quantitative correlation between central venous 
pressure and acute changes in blood volume? 

J. M. T. GRIFFITHS, K. STEVENS and TAN ENG PENG, Surgical Unit, 
Eastern General Hospital, Edinburgh, and Department of 
Clinical Surgery, University of Edinburgh 


The apparently poor quantitative relationship between changes 
in central venous pressure (CVP) and circulating blood volume 
ascribed to alterations in venous tone, capacitance and right 
ventricular output, has limited the clinical application of CVP 
measurement. Most previous workers have relied on indirect 
methods of blood volume measurement which may not 
accurately reflect changes in the vascular compartment. 

Using two methods of continuous blood volume measure- 
ment previously described to this Society the relationship 
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between CVP and blood volume was investigated in 14 healthy 
men as follows: controls (n = 2); 15-20 per cent blood volume 
depletion with later retransfusion (n = 4); 15-20 per cent blood 
volume depletion followed by immediate replacement with an 
equal volume of Dextran 70 (n — 4); up to 40 per cent blood 
volume increase by the rapid infusion of Dextran 70 (n= 4). 
The two methods of blood volume measurement correlated 
well (r = 0-93 -- 0-03, slope 0-98 4- 0-17). 
The results are shown in the Table. 


Correla- 

tion C B . BI I 

RC 0.78--0-07 0.92.-0.03 0954-002 0874-006 
BV (r) 

With CYP 857-4122 91-2444 10164-202 91-1+8-4 
(slope) 

MH 0.73--0-08 0-88+0-:04 0904+007 0824-005 
BV (r) 

With CVP 1046-440 766-4107 923485 963-209 
(slope) 


All values are mean i- s.d. 
RC, Radiochromium; MH, microhaematocrit; BV, blood 
volume; C, controls; B, bleeding only; BI, bleeding and 
infusion; I, infusion only. 


It is concluded that: 

1. There is a close quantitative correlation between CVP and 
acute changes in blood volume within the limits of —20 per 
cent to -+40 per cent of normal blood volume. 2 

2. A change in CVP of 1 cm H,O reflects a blood volume 
change of 90-100 mi and this is independent of normal blood 
volume. 

3. CVP changes may be used to diagnose and assess moderate 
concealed haemorrhage. 


54. Postoperative deep vein thrombosis, an association with 
haemodilution 

S. B. JANVRIN, A. UR and R. M. GREENHALGH, Department of 
Surgery, Charing Cross Hospital, London 


Changes in the blood have long been implicated in the genesis 
of deep vein thrombosis (DVT). We have used a new impedance 
technique (Ur, 1977) to measure changes in whole blood 
clotting time (impedance clotting time, ICT) during 27 surgical 
operations. We have compared these changes with DVT and 
some other variables associated with the operations. 

There was a significantly greater fall in ICT during operation 
in those patients who subsequently developed a *5I-fibrinogen- 
measured DVT (P« 0-01). This fall was significantly related to 
the length of operation (P « 0-05) and to the fall in haematocrit 
during operation (P«0-001). The fall in haematocrit was 
significantly related to the amount of crystalloid fluid (normal 
saline or similar physiological solutions) infused per hour of 
the operation (P-« 0-01). There was no significant correlation 


between the length of operation and either the fall in haemato- — 


crit or the rate of infusion of crystalloid fluid. 


These results support the concept that DVT is related to 


hypercoagulation during surgery. They also indicate an 


association between coagulation, haematocrit and the rate of . 
infusion of crystalloid fluids at operation, The liberal use of | 


such fluids during surgery may predispose to deep vein 
thrombosis. 


UR A. (1977) Analysis and interpretation of the impedance 
blood coagulation curve. Am. J. Clin. Pathol. 67, 470—476. 


55. Intraoperative monitoring of profunda revascularization 
using the pulse volume recorder 

D. R. BIRD, P. W. DAVIES and R, N, BAIRD, Department of Surgery, 
Bristol Royal Infirmary . 


Intraoperative and postoperative assessment of the success of 
revascularization procedures of the profunda femoris artery 
may be difficult because peripheral pulses are not restored. 
Intraoperative monitoring with the pulse volume recorder 
(PVR) was performed during the reconstruction of 19 limbs in 
16 patients. Waveform tracings from a calf monitoring 
sphygmomanometer cuff inflated to 65 mmHg were obtained 


825. 
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after induction of anaesthesia, immediately after reconstruction 
and in the recovery room 5 h later. Waveform amplitude and 
upstroke time (from the foot of the upstroke to the point of 
maximal deflection) were obtained from the mean of three 
consecutive waveforms. 

Immediately after reconstruction there was in every case a 
decrease in upstroke time (036--0-05s to 0:26.-0035; 
P= 001), although amplitude did not change. This improve- 
ment in waveform shape was visible on a monitoring oscillo- 
scope. On four occasions flattening of the waveform contour 
was associated with technical imperfections of the reconstruc- 
tion. In each case a.corrective procedure (balloon catheter 
embolectomy, suture of intimal flap) led to improvement of 
the waveform shape. 

Waveforms recorded in the recovery room had significantly 
greater amplitude (10.36-- 1-69 mm to 19-94.-2-68 mm; 
P=0-01) and shorter upstroke time (0-36--0-05 s to 0:24-- 
0-02 s; P = 0-01) than the preoperative recordings. 

These results indicate that the pulse volume recorder is a 
sensitive and accurate method of assessing the quality of a 
profunda reconstruction and may reveal correctable technical 
faults. 


56. The effect of platelet inhibitory drugs on the thrombo- 
genicity of Dacron vascular grafts tested in an artificial 
circulation 

C. N. MCCOLLUM, M. J. CROW, S. M. RAJAH and R. C. KESTER, 
University Department of Surgery, St James! University Hospital, 
Leeds 


Dacron grafts are the most widely used form of vascular 
prosthesis but where flow conditions are suboptimal anti- 
thrombotic therapy may be required. We investigated the effect 
of acetylsalicylic acid (ASA), dipyridamole and sulphin- 
pyrazone on platelet adherence to woven Dacron in an 
artificial circulation (Hamlin et al., 1978). 

Heparinized blood from 18 volunteers was divided equally 
between test and control circuits and to the test circuit each 
drug was added separately in therapeutic concentrations. Platelet 
count, adhesion and aggregation were estimated throughout 
the experiment and the graft’s luminal surface was examined 
by scanning electron microscopy (SEM). The experiment was 
repeated using blood donated by 6 volunteers after each had 
taken: (da) no drug; (b) ASA 300 mg t.d.s.; (c) dipyridamole 
100 mg q.i.d.; (d) sulphinpyrazone 200 mg q.i.d. separately for 
i week, treatment being spaced by 2-week intervals. 


PC ^4 Aggregation ° Adhesion 


ASA 
In vitro 0-73 0-8 —0-23 
Ex vivo 0:34 —0-17 0-40 
Dipyridamole 
In vitro 1:13 0-36 0-85 
Ex vivo 0-70 0-27 0-63 
Sulphinpyrazone 
In vitro 1-05 2-0 0-96 
Ex vivo 0:83 0-83 0-83 





PC, Platelet count. 
reduction during test perfusion ) means of 


Atl resuts = (Irem during control perfwion)” fate. 


ASA was the most effective agent, significantly impairing 
platelet function and reducing consumption of platelets by the 
graft (P~0-015 non-parametric analysis). Dipyridamole 
reduced the consumption of platelets ex viro but not in vitro. 
Sulphinpyrazone had little effect by either route. SEM examina- 
tion of the grafts from *ASA circuits showed few adherent 
platelets. Dipyridamole reduced the platelet adherence to 
grafts only in the ex vivo éxperiment whereas grafts from 
sulphinpyrazone circuits demonstrated many aggregates of 
activated platelets. 

We conclude that ASA is the most effective of the single 
agents, but dipyridamole justifies further study in combination 
with ASA, 


HAMLIN G. W., RAJAH S. M., CROW M. J. et al. (1978) Evaluation 
of the thrombogenic potential of three types of arterial 
graft studied in an artificial circulation. Br. J. Surg. 65, 
272-276. 


57. Which is the best way to give mini-dose heparin? 

J. BLACK and c. J. L. STRACHAN, Department of Surgery, Queen 
Elizabeth Hospital, Birmingham 

Four methods of administering low dose heparin have been 
compared for accuracy of dose, utilization of nursing time and 
cost. 

All methods were accurate although overdose was possible 
with multi-dose vials and single-dose ampoules. A research 
nurse timed 1135 injections given on 304 ward rounds with the 
results shown below. 


Table I: MEAN TIME (MIN) PER PATIENT 
REQUIRED TO ADMINISTER HEPARIN BY 4 


DIFFERENT METHODS 
No. of patients per round 


Method 2-5 6 or more 
Multi-dose vial 4-02 3-34 3-14 
Single-dose ampoule 2-94 2:96 2-85 
Ready-filled syringe 2:00 2-27 1-97 
Jet injection 223 2-10 0-92 


Al the differences shown for 6 patients and more are 
statistically significant (multi-dose vial v. single-dose ampoule, 
P «0-05; other differences, P< 0-001). 

The cheapest methods were multi-dose vial and jet injection. 
Ready-filled syringes were time-saving although three times 
as expensive. Single-dose ampoules offered no particular 
advantage. 


58. The value of supraorbital Doppler combined with carotid 
phonoangiography and a resistance index from the common 
carotid in the detection of internal carotid stenosis 

A. N, NICOLAIDES, J, FERNANDES, T. NEEDHAM, A. COSLOW and 
H, H. G. EASTCOTT, Cardiovascular Unit and Vascular Laboratory, 
St Mary's Hospital, London 


Because of the inability of supraorbital Doppler to detect 
internal carotid stenosis of less than 75 per cent, we have 
combined this test with directional Doppler examination of the 
common carotid (Pourcelot, 1974) and carotid phonoangio- 
graphy (CPA) (Kartchner et al., 1973). 

A directional Doppler (Medsonics Model D9) and a carotid 
phonoangiograph (MED) were used. The direction of flow in 
the supraorbital artery and the effect of superficial temporal 
artery occlusion on this were noted. The resistance index was 
calculated from the velocity tracing recorded from the common 
carotid using the method of Pourcelot. 

Stenosis of the internal carotid was suggested by retrograde 
flow in the supraorbital artery or when flow was abolished or 
reversed by superficial temporal compression. A resistance 
index greater than 0-75 or a carotid bruit arising at the 
bifurcation which extended beyond 3/4 of systole was also 
suggestive of stenosis. 

So far 51 carotid arteries have been studied in which arch 
aortograms or carotid arteriograms were available. The 
examiners did not know the results of the arteriography. The 
non-invasive examination was positive in all 16 carotids with 
more than 50 per cent stenosis. It was negative in 30 and 
positive in 5 of the remaining 35 with less than 50 per cent 
stenosis. 

This relatively simple non-invasive examination may prove 
a useful screening test in patients with asymptomatic carotid 
bruit. 


KARTCHNER M. M., MCRAE, L. P. and MORRISON F. D. (1973) Non- 
invasive detection and elevation of carotid occlusive 
disease. Arch. Surg. 106, 528-535. 

POURCELOT L. (1974) Applications cliniques de l'examen 
Doppler transcutane. INSERM 34, 213-240. 


59. Influence of body fat on the efficacy of prophylactic low dose 
heparin 

J. BLACK, I. B. STIRLING and C. J. L. STRACHAN, Department of 
Surgery, Queen Elizabeth Hospital, Birmingham 


In a trial comparing jet and needle injection of subcutaneous 
low dose heparin, 8 of 100 postoperative patients developed 
isotopic deep vein thrombosis (DVT). Comparing weight, skin- 
fold thickness and body fat, Hume (1966) found that only 
body fat was significantly different in those who developed 
DVT (7 = 208, P<0-05). 

Postoperative plasma heparin levels were determined in 40 
patients from this trial by the method of Denson and Bonnar 
and in another 13 postoperative patients by the method of 
Yin and Wessler. The correlations between the physical 
parameters and the levels achieved are given in the Table. 


40 patients 13 patients 


r P F P 
M MM MÀ) M MÓ € a era a 


Plasma heparin r. —0:3310 <0-05 —(0-3239 ns. 
skinfold thickness 

Plasma heparin v, —0-4346 <0-01 —04155 <0-05 
weight 

Plasma heparin r. —0:5289 «000i ~04655 <0-02 
body fat 





It is concluded that obesity reduces the efficacy of prophy- 
lactic low dose heparin and that estimation of body fat is a 
good index of risk. It is suggested that the mechanism may be 
the failure of obese patients to achieve an adequate plasma 
heparin level, - 


HUME R. (1966) Prediction of lean body mass from height and 
weight. J. Clin. Pathol. 19, 389—391. 


60. The influence of pulsatile flow during cardiopulmonary 
bypass on the renin-angiotensin system and peripheral vascular 
resistance 

K. M. TAYLOR, J. J. MORTON, J. J. BRANNAN, W. H. BAIN and P. K. 
CAVES, University Department of Cardiac Surgery, Royal 
Infirmary, Glasgow, and MRC Blood Pressure Unit, Western 
Infirmary, Glasgow 


Recent studies have indicated a possible relationship between 
the renin-angiotensin system and the vasoconstriction associated 
with cardiopulmonary bypass (CPB) (Taylor et al., 1977). We 
have previously reported elevation of the plasma level of 
angiotensin 11 (All) during non-pulsatile cardiopulmonary 
bypass. 

Using the Stockert pulsatile system, pulsatile perfusion has 
been employed in a study comparing the effects of pulsatile 
and non-pulsatile cardiopulmonary bypass on plasma AH 
levels and on peripheral vascular resistance. 

Twenty-four patients were arbitrarily allocated to the non- 
pulsatile group (n- 12) or pulsatile group (n= 12). There 
were no significant differences between the groups in respect of 
age, weight, bypass time, mean arterial blood pressure or mean 
pump flow during cardiopulmonary bypass. The cardiopul- 
monary bypass circuit, protocol and anaesthetic regimen were 
standard in ali cases. 

Plasma AII levels (ng/l and peripheral vascular resistance 
(PVR) measurements (resistance units) were obtained at the 
start (CPBI) and the end (CPB2) of cardiopulmonary bypass. 
The results (mean values-:s.e. mean) were as follows: 


Non-pulsatile Pulsatile P 
PVR (CPBI) 11-88--0-8 12744-06 — ns. 
PVR (CPB2) 18-16 1:2 13-08 4- 0-8 « 0:005 
A PVR 6:28 -- 0-9 034405 <0-001 
Plasma AH (CPB1) 49415 444-13 n.5. 
Plasma All (CPB2) 226+40 98 +16 «0-01 
A AT 177 4-33 54 -- 14 «0-01 


PVR, Peripheral vascular resistance. 


In a further study of 16 patients, the rise in peripheral 
vascular resistance during non-pulsatile cardiopulmonary 
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bypass was correlated with the rise in plasma AII levels during 
cardiopulmonary bypass and a highly significant correlation 
was obtained (r = 0-91, P< 0-001). | m 


These results indicate that pulsatile cardiopulmonary bypass 


significantly reduces the rise in systemic vascular resistance 
associated with non-pulsatile flow; this effect may be achieved 


by preventing excessive rises in the plasma level of angiotensin - 


* 


TAYLOR K. M., MORTON J. J., BROWN J. J. et al. (1977) Plasma 
angiotensin I levels during open heart surgery. Br. J. 
Surg. 64, 827-828. 


61. What is surgical research? . 
U. CHETTY and A. P. M. FORREST, Department of Clinical Surgery, 
University of Edinburgh 


In this study we have reviewed the research done by surgeons 
in the past 5 years. An analysis of the research presented at the 
Surgical Research Society is reported. The papers presented. 
are classified into ‘surgical’ or 
‘Surgical’ research is defined to include surgical treatment, 
indication for operations, preoperative monitoring, operation, 
postoperative care and complications, metabolic and other 
effects of surgery, results of surgical treatment and trauma. 
Thirty-three per cent of the papers presented at the Surgical 
Research Society over the past 5 years are ‘surgical’ and 67 
per cent ‘non-surgical’. Analysing the research done in terms 
of systems we find that gastroenterology accounts for 37-5 per 
cent, vascular 16:9 per cent, immunology 10:8 per cent, 
metabolism/endocrinology 10-2 per cent, oncology 9-2 per cent, 
surgical practice 5:6 per cent, neurology 4-6 per cent, urogenital 
4-5 per cent, skeletal 0-4 per cent and education 0-1 per cent. 
The research papers presented at the British Society of 
Gastroenterology (BSGE), the Scottish Society of Experi- 
mental Medicine (SSEM) and the British Association of 
Surgical Oncologists (BASO) are also analysed. At the BSGE 
25:2 per cent of the papers were given by surgical departments 
and 11:6 per cent of the papers could be defined as ‘surgical’; 


'"non-surgical' research. | 
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at the SSEM 21-7 per cent were given by surgical departments . - 


and 7-9 per cent were 'surgical in nature; at BASO 67 per cent 
were given by surgical departments and 23 per cent were 
'surgical'. 


62. Modification of the physiological disturbances produced by 
whole gut irrigation by preliminary mannitol administration 


I. A. DONOVAN, Y. ARABI, M. R. B. KEIGHLEY and J. ALEXANDER- 


WILLIAMS, Department of Surgery, General Hospital, Birmingham — 


Whole gut irrigation has been used for some years as a bowel: p 


preparation. However, it creates physiological disturbances | 


and is a time-consuming procedure. To ameliorate these 
problems we have been giving 500 ml of 10 per cent mannitol 
solution before irrigation. Oral doses of mannitol of over 40 g 
usually produce diarrhoea by osmotic activity and should 
therefore reduce overall fluid absorption during irrigation 
(Nasralluh and Iber, 1969). 

We have prospectively studied two groups of patients: 
group A, whole gut irrigation with normal saline (n = 20) and 
group B, 50g mannitol followed after 2h with irrigation 
(n= 16). Two were excluded from group B owing to persistent 
vomiting; adequate bowel preparation was achieved in all who 
completed the irrigation in group B, including 11 with left- 
sided colonic lesions. In group A no subjects had to be 
excluded but 6 patients had inadequate bowel preparation. 
Mean fluid gain in group A was 2700 ml and in group B 800 ml 
(P<0-002). Mean sodium gain in group A was 570 mmol and 
in group B 290 mmol (P-0:005). Mean potassium loss in 
group A was 70 mmol and in group B 40 mmol (P< 0-01). 
The mean time taken for irrigation was 4-5 h in group A and 
3-1 h in group B (P<0-001). Mean volume of irrigation fluid 
was 12-51 in group A (range 821 1) and 9-5 1 in group B (range 
4-5-15 1). 


NASRALLUH S. M. and IBER F. L. (1969) Mannitol absorption in 
man. Am. J. Med. Sci. 58, 80-88. 


63. Unreliability of urodynamic studies: a possible explanation 
N. J. R, GEORGE, P. A. LEWIS and R. C. L. FENELEY (J. H, PEACOCK), 
Department of Urology, University of Bristol | 


Although urodynamic investigation has proved valuable in 
classifyirig broad symptom complexes and relating these to 
disorders of the lower urinary tract, it often fails either to 
* explain the observed facts or to improve the management of 
the individual patient. 

|. The possibility that this failure might be due to the unphysio- 
logical circumstances of the study itself was tested by comparing 
| the patient's micturition volume on arrival against a frequency- 
volume chart completed over the previous 14 days. 

Satisfactory data were observed in 6 patients; of these only 

. 36 (59 per cent) micturated at the start of the test within their 
normal void range. Residual urine was increased in all but 3 
| of the remainder, who arrived overfull. 
. During further recording effective bladder capacity became 
reduced in 33 of 36 ‘normal’ patients, while initial residuals, 
present in 22 (61 per cent) of these patients, were reduced in 8 
and abolished in 10 (range 40-180 ml). 

Investigation of the 25 patients with excess residual urine 
on arrival showed that the residual volume subsequently 
returned to zero in 22 (88 per cent). 

The results show a striking variation in recorded urodynamic 
data, both under differing test conditions and as a result of the 
test itself. Failure to control these variables is likely to vitiate 
interpretation of data in the individual case. 


64. A multicentre trial for the treatment of pilonidal sinus: gauze 
packing versus silicone foam elastomer dressing 
R. A. B. WOOD, R. H, P. WILLIAMS, M. C. MASON, M. EDWARDS, P. 
- GOODALL and L. E. HUGHES, Department of Surgery, Ninewells 
Hospital, Dundee, Newcastle General Hospital, Singleton 
Hospital, Swansea, York District Hospital, Derbyshire Royal 
Infirmary and Department of Surgery, Welsh National School of 
Medicine 
The treatment of pilonidal sinus by open granulation with a 
gauze dressing has the disadvantage of requiring protracted 
district nurse care (30-90 days). Excision and primary closure 
carries a failure rate of primary healing of 16 per cent and a 
recurrence rate of 16 per cent (Foss, 1970). In 1975 a new 
technique using silicone foam elastomer was described (Wood 
and Hughes, 1975), and this paper presents a multicentre trial 
comparing silicone foam elastomer dressing with gauze packing 
jn the treatment of pilonidal sinus. 

All patients with pilonidal sinus had the same treatment for 
4 days and were then allotted to gauze pack or silicone dressing 
groups. At weekly outpatient clinic visits records were taken of 
wound size and pain at dressing changes. The number of visits 
by the district nurse and the number of days off work before 
epithelial healing was complete were calculated. 

There were 28 patients in the gauze packing group and 39 in 
. the silicone foam dressing group. The average number of days 

required to complete epithelial healing, the number of days 
_ off work and hospital stay were the same in both groups of 
patients, The average number of district nurse visits was 
29-] for the packing group and 2-4 for the elastomer group. 
The amount of discomfort was on average 3 units for the 
packing group and 0-8 units for the silicone foam group. The 
patients dressed with silicone foam elastomer returned to work 
10 days earlier than those with the gauze packing. 

Compared with Eusol pack, silicone foam elastomer provides 
a more comfortable dressing and allows an early return to 
work with reduced NHS costs. 


FOSS M. V. L. (1970) Pilonidal sinus: excision and closure. Proc. 
R. Soc. Med. 63, 752. 

WOOD R. A. B. and HUGHES L. E. (1975) Silicone foam sponge for 
pilonidal sinus: a new technique for dressing open 
granulating wounds. Br. Med. J. 2, 131-133. 


65. Superstaging in primary breast cancer 

M. M. ROBERTS, A. P. M. FORREST, E. L. M. CANT, M. D. SUMERLING 
and A. SMITH, Departments of Clinical Surgery, Radiology and 
Clinical Chemistry, University of Edinburgh 


Because of the belief that the tumours of patients with breast 
cancer may have spread at the time of mastectomy, a study 


has been performed to determine the sensitivity of current 
methods for the detection of occult metastases. 

One hundred and seventy-two patients with no clinical or 
radiological evidence of metastases have been 'superstaged' 
before mastectomy ; bone and liver scintiscans, urinary hydroxy- 
proline, serum alkaline phosphatase and gammaglutamyl- 
transpeptidase estimations have been performed and the 
results related to axillary node histology and subsequent 
prognosis. | 

Of the 172 patients, a total of 50 (20 per cent) had one or 
more abnormal results, with no significant difference between 
the node negative and positive groups. The incidence of 
abnormal findings for each test was: bone scan, 12; urinary 
hydroxyproline, 26; liver scan, 11; alkaline phosphatase— 
bone, 5, liver, 2; gammaglutamyltranspeptidase, 12. Of 32 
patients with abnormal results who have been followed up for 
1-4 years, 8 have developed overt metastatic disease and 3 have 
local recurrences (total 34 per cent). Of 92 patients with normal 
results followed up for a similar period 16 have overt metastases 
and 4 local recurrences (22 per cent)., 

It is concluded that at the present time these tests do not 
provide a guide to prognosis, which is still best determined by 
axillary node status. 


66. The rational use of special investigations in the diagnosis of 
pancreatic cancer 


A. W. HALL, J. BOWIE, M. O. BLACKSTONE, M. COOPER and A. R. 


MOOSSA (A. CUSCHIER!), Departments of Surgery, Medicine and 
Radiology, University of Chicago, and Department of Surgery, 
University of Dundee 


The interrelationship between tests for pancreatic carcinoma 
and the optimal sequence for their performance is unclear. One 
hundred and eighty patients with suspected pancreatic 
carcinoma have undergone preoperative assessment, Ultra- 
sonography, "Se methionine pancreatic scintiscanning (PS), 
duodenal drainage studies (DDS), duodenal cytology (DC), 
endoscopic retrograde cholangiopancreatography with 
aspiration cytology (ERCP) and selective arteriography were 
performed. Longitudinal multiplane emission tomography 
(LMET) following Se methionine injection and computerized 
axial tomography (CAT) were performed in the last 50 and 29 
patients respectively. Results were reported ‘blind’ by 
independent investigators. The only complication resulted 
from arteriography. 

Sixty-six patients had pancreatic cancer (diagnosed by 
histology or cytology; 59 laparotomy, 24 resected), 26 had 
other cancer, 26 had pancreatitis and 62 had other benign 
disease. The diagnoses were confirmed by laparotomy (120) or 
follow-up of more than 18 months. 


Sensitivity Specificity 

Test vo) C 
Ultrasound ‘BS 87 
LMET 83 85 
Pancreatic scan 65 64 
CAT 75 83 
DDS 34 91 
DC 63 98 
ERCP 92 90 
Arteriography p 78 


For abbreviations see text. 


For diagnosis of pancreatic disease alone predictive values 
improved only for ultrasound, LMET, ERCP and CAT. 

LMET and ultrasonography are useful screening procedures; 
ERCP is the most accurate confirmatory test. PS and DDS 
are unhelpful. Duodenal cytology is useful when ERCP fails 
and CAT when ultrasonography is technically unsuccessful. 
Identification of congenital vascular anomalies (25 per cent) 
before pancreatectomy is the only indication for arteriography. 
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\ | Davolcaretorlite 
with suction instruments. 


Like all Davol high-quality disposable products, 
our Suction Instruments are intrinsically safe, depend- 


"able, and designed for maximum patient comfort. 





Davol's experience stretches back over 100 years 
to the origins of modern medicine and during this time 
we have always been at the forefront of technical 
developments. Fulfilling the progressive surgeon's 
evolving needs. At the same time, ensuring the patient's 
well-being. Caring for life. 














s e —— MC A NOU TAN 
Davol single-use Surgical Suction Instruments are 
'anufactured to the highest possible standards. Like all 
'avol disposables, they minimise the risk of cross- 
fection and save valuable time. And they are 
alistically priced. 
Yankauer, Poole and Frazier types are available, 
| made from specially selected medical grade plastics. 
Davol can also supply suction connecting tubes 
vith multi-fit connectors and collection units. 
All instruments are supplied sterile in peel-back 
acks, and further detailed information is available on 





equest. 


Dependable, 
®© quality health care 









1. Poole 
@ Three-position sleeve for 


normal suction, fine suction, or 
confined areas, 

One-hand operation, with 
finger-twist control of sleeve. 
Smooth outer plastic sleeve to 
minimise chances of trauma or 
clogging. 

Adequate length for deep 
penetration. 


. Yankauer 


30 per cent greater suction than 
comparable metal instruments. 
Extra-large eyes to prevent 
clogging. 

Tough shatter-proof plastic 
facilitates use as a retractor. 
Optional vent for “finger-tip” 
control. 

Atraumatic rounded tip. 
Peripheral holes at tip to 
minimise tissue grab. 


. Frazier 


Fine aluminium shaft for bending 
into any position. 

Supplied with obturator for fast 
clearance and for bending shaft. 
Lightweight - provides control 





products. ruban oi erri 
" Davol International Limited, Valleybridge Road, Clacton, Essex CO15 4AF 


Telephone (0255) 28231 Telex 98576 
Davol Inc., Box D, Providence. R.I. 02901. 










You may think of Fucidin first 
in osteomyelitis... 


But you should think of F ucidin first whenever you 

see a staph.infection. — The ubiquitous staph. 
needs an ubiquitous antibiotic — penetrating 
all the tissues of the body and effective 
wherever staphylococci arefound. 
Any staphylococcal infection 

in hospital is a candidate 
for Fucidin. 
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pigeon-hole staph, 
you can't pigeon-hole 


FUCIDIN (sodium fusidate B.P.] been reported. It has been extremely difficult to decide 
Dosage: whether Fucidin, other drugs or the infection itself was 
Adults: 500mg (2 capsules) 3 times daily with food. responsible. Fucidin is excreted mainly in the bile and 
Children: 20-40 mg/kg body weight daily in 3 divided liver function tests should be carried out in patients 
doses with food. with liver dysfunction, when used for prolonged periods 
The standard dose may be doubled for initial therapy or when administered in conjunction with other drugs 
- in severe infections. which may compete for the same excretory pathway. 
Adverse rea tions and precautions: Product Licence No: 0043/5019. 
After 14 years of widespread clinical use no pattern of Each capsule contains 250mg sodium fusidate B.P. 


toxicity to Fuaidin has emerged. Gastro- intestinal 
upset occurs in some patients taking oral Fucidin. This 
can be minimised by taking the capsules with food or 
using Fucidin Enteric Coated Tablets. In some patients 
treated wich either oral or I.V. Fucidin, jaundice has 
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